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(7) ABSTRACT

In an organic EL display device, a resistance of a cathode
electrode of OLEDs is substantially reduced while main-
taining a higher opening ratio of pixels as an entire display
area. A reference power supply line is formed on a glass
substrate, and receives a reference potential for driving the
OLED. The OLED is formed on the glass substrate where
the reference power supply line is formed, and has a
structure in which a lower electrode, an organic material
layer, and an upper electrode that is a cathode electrode
common to plural pixels are laminated on each other in the
order from the bottom. In some of the plural pixels, a
cathode contact that penetrates through the organic material
layer, and electrically connects the upper electrode to the

(51) Int. CL reference power supply line is formed within an opening
HOIL 27/32 (2006.01) area corresponding to a W sub-pixel.
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ORGANIC EL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2013-202935 filed on Sep. 30, 2013, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent (EL) display device, and more particularly to
homogenization of a potential of an electrode common to
plural pixels arrayed in a display area among electrodes of
organic light emitting elements.

[0004] 2. Description of the Prior Art(s)

[0005] The organic EL display device has a structure in
which a TFT substrate is bonded to a counter substrate. FIG.
7 is a schematically partial cross-sectional view of a display
area of a TFT substrate 4 in a related art organic EL display
device 2, which illustrates a vertical cross-section along a
horizontal direction of the display area. The TFT substrate 4
is configured, for example, so that a circuit layer 8, an
insulating film 10, a bank 12, an organic light emitting diode
(OLED) 14, and a sealing film 16 are laminated on a glass
substrate 6.

[0006] Plural pixels are two-dimensionally arrayed in a
display area. In an organic EL display device that conducts
color display, each of the pixels includes plural sub-pixels
that emit lights of different colors. For example, each of the
pixels can be configured by an R sub-pixel that emits light
of red (R), a G sub-pixel that emits light of green (G), and
a B sub-pixel that emits light of blue (B). One pixel is also
configured by four sub-pixels adding a W sub-pixel that
emits light of white (W) to those sub-pixels.

[0007] The OLED 14 is formed in an opening area sur-
rounded by the bank 12 (partition) for each sub-pixel, and
includes a lower electrode 20, an organic layer 22 (organic
material layer), and an upper electrode 24. The lower
electrode 20 and the upper electrode 24 configure an anode
electrode (anode) and a cathode electrode (cathode) of the
OLED, respectively, and light emission in the organic layer
22 is controlled according to an electric signal applied
between those electrodes. The upper electrode 24 is basi-
cally shared by the pixels in the overall display area,
connected to a feeder line on an edge of the display area, and
applied with a common voltage from a drive unit. On the
other hand, the lower electrode 20 is formed for each of the
pixels, and supplied with a current corresponding to a video
signal from the drive unit through a pixel circuit of each
pixel and a drive power supply line which are formed in the
circuit layer 8.

[0008] Thebank 12 functions as a partition for partitioning
the OLED, particularly the organic layer 22 for each of the
sub-pixels. Also, the bank 12 is formed of an insulating
layer, and prevents short-circuiting between the respective
lower electrodes 20 formed in every opening area.

[0009] The upper electrode 24 and the lower electrode 20
are made of a transparent conductive material such as IZO
(indium zinc oxide) or ITO (indium tin oxide), for example.
In particular, in the organic EL display device of a top
emission type, it is desirable that that transmittance of light
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in the upper electrode 24 is higher from the viewpoint of a
reduction in the power consumption. In this example, if the
transparent conductive material is thinned, the transmittance
of the upper electrode 24 increases. On the other hand, the
electric conductivity of the upper electrode 24 decreases,
and a voltage drop caused by a current that flows in the
OLED increases. Specifically, a potential difference between
aposition closer to the feeder line and a position farther from
the feeder line in the upper electrode 24 becomes larger. As
a result, shading (luminance gradient) in which a current
density of the OLED decreases more to reduce the bright-
ness more at a position farther from the feeder line occurs.
That is, there arises such a problem that the light emission
brightness does not become uniform, and display uneven-
ness is generated within the display area. This problem
becomes more remarkable as an area of a display panel is
larger.

[0010] Under the circumstances, a configuration in which
a feeder line that assists conduction is made of a material
low in resistance value, and the upper electrode 24 and the
feeder line are connected to each other through a contact
hole formed in the bank 12 to substantially decrease the
resistance of the upper electrode 24 has been proposed (JP
2009-199868 A).

[0011] FIGS. 8 and 9 are plan views of a part of a display
area of the organic EL display device in which a contact hole
32 that connects the upper electrode 24 and a feeder line 30
is formed in the bank 12. In this example, each of pixels 34
includes four sub-pixels 36 of RGBW. FIG. 8 illustrates a
case in which the contact hole 32 is arranged in the bank 12
between the pixels 34 adjacent to each other in a horizontal
direction, and FIG. 9 illustrates a case in which the contact
hole 32 is arranged in the bank 12 between the pixels 34
adjacent to each other in a vertical direction.

SUMMARY OF THE INVENTION

[0012] The bank 12 in which the contact hole 32 is
arranged as illustrated in FIGS. 8 and 9 has a portion
requiring a width larger than the bank in which the contact
hole 32 is not arranged. That 1s, in the configuration where
the contact hole 32 that connects the upper electrode 24 to
the feeder line 30 is formed in the bank 12, a width of the
bank 12 becomes larger than a size required for an original
function of the bank 12, and the miniaturization of the bank
12 is limited. This leads to such a problem that the formation
of the contact hole 32 is disadvantageous in the high
definition of the organic EL display device.

[0013] Also, as illustrated in FIGS. 8 and 9, the contact
hole 32 may not be always provided for each of the pixels
depending on the conductivity of the upper electrode 24.
However, in an image display device, since array pitches of
the pixels are made uniform within the display area for the
purpose of ensuring a display quality, the width and an area
of the bank 12 at a position where the contact hole 32 does
not need to be arranged from the viewpoint of electric
characteristics are formed as large as those of the bank 12 at
a position where the contact hole 32 is provided. As a result,
an useless non-emitting area becomes large.

[0014] Specifically, when a pixel pitch in the horizontal
direction is x, and a pixel pitch in the vertical direction is y
in a pixel array of a matrix illustrated in FIGS. 8 and 9, x
becomes larger than x when the contact hole 32 is not
arranged in the bank 12 in the configuration illustrated in
FIG. 8, and y becomes larger than y when the contact hole



US 2016/0293677 Al

32 is not arranged in the bank 12 in the configuration
illustrated in FIG. 9. An increase in the pixel pitch is
disadvantageous in higher definition, and the increase in the
pixel pitch is caused by an increase in the width of the bank
12, which means an increase in the non-emitting area.
[0015] The present invention aims at providing an organic
EL display device that suppresses shading, and obtains a
high quality image while maintaining a high opening ratio of
a pixel.

[0016] (1) According to the present invention, there is
provided an organic EL display device in which a plurality
of pixels each including at least one organic light emitting
element formed in an opening area surrounded by a parti-
tion, and having a common shape are two-dimensionally
arrayed, in which a feeder line is formed on a substrate, and
receives a reference potential for driving the organic light
emitting element, in which the organic light emitting ele-
ment is formed on the substrate where the feeder line is
formed, and has a structure in which a lower electrode, an
organic material layer, and an upper electrode common to
the plurality of pixels are laminated on each other in the
order from the bottom, and in which some of the plurality of
pixels are irregular pixels in which a perpendicular inter-
connection that penetrates through the organic material
layer, and electrically connects the upper electrode to the
feeder line is formed within the opening area.

[0017] (2) In the organic EL display device according to
the above item (1), each of the pixels can include four of the
opening areas that emit light of red, green, blue, and white,
and in the irregular pixels, the perpendicular interconnection
can be formed in all or a part of the opening area of the white
light emission instead of the structure of the organic light
emitting element.

[0018] (3) In the organic EL display device according to
the above item (1), each of the pixels can include three of the
opening areas that emit light of red, green, and blue, and in
the irregular pixels, the perpendicular line can be formed in
all or a part of the opening area of the blue light emission
instead of the structure of the organic light emitting element.
[0019] (4) The configuration according to the above items
(1) to (3) is suitable for the organic EL display device in
which the upper electrode is formed of a transparent con-
ductive film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic view illustrating a general
configuration of an organic EL display device according to
a first embodiment of the present invention;

[0021] FIG. 2 is a schematic partial plan view of a pixel
array portion of the organic EL display device according to
the first embodiment of the present invention;

[0022] FIG. 3 is a schematic partial cross-sectional view
of the pixel array portion of the organic EL display device
according to the first embodiment of the present invention;
[0023] FIGS. 4A to 4C are schematic vertical cross-sec-
tional views of main steps in a process for forming a cathode
contact;

[0024] FIG. 5 is a schematic plan view of an irregular
pixel in an organic EL display device according to a second
embodiment of the present invention;

[0025] FIG. 6 is a schematic partial plan view of a pixel
array portion in an organic EL display device according to
a third embodiment of the present invention;
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[0026] FIG. 7 is a schematic partial cross-sectional view
of a display area of a TFT substrate in a related art organic
EL display device;

[0027] FIG. 8 is a plan view illustrating a part of a display
area in the related art organic EL display device in which a
contact hole that connects an upper electrode of an OLED to
a feeder line is formed in a bank between adjacent pixels in
a horizontal direction; and

[0028] FIG. 9 is a plan view illustrating a part of a display
area in the related art organic EL display device in which a
contact hole that connects an upper electrode of an OLED to
a feeder line is formed in a bank between adjacent pixels in
a vertical direction.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

First Embodiment

[0030] An organic EL display device is an active matrix
display device, and is incorporated into a television, a
personal computer, a mobile terminal, and a cellular phone
as a display panel. FIG. 1 is a schematic view illustrating a
general configuration of an organic EL display device 60
according to a first embodiment of the present invention.
The organic EL display device 60 includes a pixel array
portion 62 which is a display area for displaying an image,
and a drive portion that drives the pixel array portion 62.
[0031] In the pixel array portion 62, OLEDs 64 and pixel
circuits 66 are arranged in a matrix in correspondence with
pixels (or sub-pixels). Each of the pixel circuits 66 includes
plural thin film transistors (TFT) 68, 70, and a capacitor 72.
An anode electrode of each OLED 64 is connected to the
drive TFT 70. Also, cathode electrodes of all the OLEDs 64
are configured by a common electrode as will be described
later.

[0032] On the other hand, the drive portion includes a
scanning line driver circuit 80, a video line driver circuit 82,
a drive power supply circuit 84, a reference power supply
circuit 86, and a control device 88. The drive portion drives
the pixel circuits 66, and controls the light emission of the
OLED 64.

[0033] The scanning line driver circuit 80 is connected to
scanning lines 90 provided for each line (pixel row) of the
pixels in the horizontal direction. The scanning line driver
circuit 80 selects the scanning lines 90 according to a timing
signal input from the control device 88 in order, and applies
a voltage for turning on the lighting TFT 68 to the selected
scanning line 90.

[0034] The video line driver circuit 82 is connected to
video signal lines 92 provided for each line (pixel column)
of the pixels in the vertical direction. The video line driver
circuit 82 receives a video signal from the control device 88,
and outputs a voltage corresponding to the video signal of
the selected pixel row to each of the video signal lines 92
according to the selection of the scanning lines 90 by the
scanning line driver circuit 80. The voltage is written in the
capacitor 72 through the lighting TFT 68 on the selected
pixel row. The drive TFT 70 supplies a current correspond-
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ing to the written voltage to the OLED 64 with the result that
the OLED 64 of the pixel corresponding to the selected
scanning line 90 emits light.

[0035] The control device 88 includes an arithmetic pro-
cessing circuit such as a CPU (central processing unit), and
a storage unit formed of a memory element such as an ROM
(read only memory) or an RAM (random access memory).
The control device 88 receives the video signal. For
example, when the organic EL display device 60 configures
a display portion of a computer or a mobile terminal, the
video signal is input to the organic EL display device 60
from a computer of a main body. Also, when the organic EL
display device 60 configures a television receiver, the video
signal is received by an antenna or a tuner not shown. The
control device 88 executes various processing by allowing
the CPU to read and execute a program stored in the
memory. Specifically, the control device 88 conducts various
image signal processing such as color tuning on the video
signal, and outputs the video signal to the video line driver
circuit 82. Also, the control device 88 generates a timing
signal for synchronizing the scanning line driver circuit 80
or the video line driver circuit 82 on the basis of the input
video signal, and outputs the timing signal toward those
circuits.

[0036] The drive power supply circuit 84 is connected to
a drive power supply line 94 disposed for each of the pixel
columns, and supplies a current to the OLED 64 through the
drive power supply line 94 and the drive TFT 70 of the
selected pixel row.

[0037] The reference power supply circuit 86 gives a
reference potential to a common electrode (not shown)
configuring the cathode electrodes of the OLEDs 64, and a
reference power supply line 96. The reference potential can
be set to a ground potential.

[0038] The reference power supply line 96 (feeder line) is
arranged across the pixel array portion 62, and connected to
the cathode electrode of some OLEDs 64 within the pixel
array portion 62. In order to reduce a wiring resistance from
the reference power supply circuit 86 to the cathode elec-
trode of the OLED 64, it is preferable that the reference
power supply line 96 extends along short sides of the pixel
array portion 62. In this embodiment, the pixel array portion
62 is a vertically long rectangular, and the reference power
supply line 96 is arranged in the horizontal direction in
correspondence with the configuration of the pixel array
portion 62. FIG. 1 illustrates a configuration in which one
reference power supply line 96 is arranged in the pixel array
portion 62, and connected to one OLED 64 as an example
of the configuration in which the reference power supply
line 96 is connected to only a part of the OLEDs 64 as
described above. Both ends of the reference power supply
line 96 can be connected to the reference power supply
circuit 86. However, in FIG. 1, for convenience of illustra-
tion, only one end of the reference power supply line 96 is
connected to the reference power supply circuit 86.

[0039] The supply of the reference potential to the cathode
electrode of the OLED 64 with the use of the reference
power supply line 96 will be described in more detail. FIG.
2 is a schematic partial plan view of the pixel array portion
62 of the organic EL display device 60. Each of pixels 100
includes four sub-pixels of RGBW which are Bayer-arrayed.
Specifically, four opening areas 102 aligned two by two in
the horizontal direction and the vertical direction correspond
to the four sub-pixels 104. An R sub-pixel 1047 and a B
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sub-pixel 1045 are arranged on one diagonal line of a
rectangle formed by the four opening areas, and a G sub-
pixel 104g and a W sub-pixel 104w are arranged on another
diagonal line thereof. In this embodiment, the respective
opening areas 102 are designed with the identical shape and
size.

[0040] One OLED 64 is formed in each of the opening
areas 102 formed in the insulating layer. In this example,
four kinds of light emission colors different in each of the
sub-pixels 104 are obtained by forming four kinds of
OLEDs 64 that emit light of different colors, or combining
the OLED 64 that emits light of, for example, white, and a
color filter.

[0041] A bank 106 is formed around each of the opening
areas 102. That is, the bank 106 partitions the respective
opening areas 102 adjacent to each other in the horizontal
direction, and partitions the respective opening areas 102
adjacent to each other in the vertical direction. Also, the
bank 106 is formed of an insulating layer, and covers an
edge of the lower electrode formed in each of the pixels to
prevent short-circuiting between the lower electrode and the
upper electrode. A width of the bank 106 can be set to a size
sufficient to perform a function of the bank as a partition for
separating and forming the OLEDs 64, and does not require
a size as large as the contact hole can be formed as described
in the related art. A width W, of a portion in the bank 106
which partitions the respective opening areas 102 aligned in
the horizontal direction, and a width W, of a portion in the
bank 106 which partitions the respective opening areas 102
aligned in the vertical direction can be made identical with
each other between the respective arbitrary opening areas
102. Also, the width Wy, and the width Wy, can be
basically set to the same value.

[0042] The above-mentioned pixels 100 are basic pixels in
the pixel array portion 62, and at least majority of the pixels
configuring the pixel array portion 62 includes the basic
pixels 100. On the other hand, some pixels of the pixel array
portion 62 are configured by irregular pixels 100a having a
structure in which the basic pixel 100 are changed. In each
of the irregular pixels 1004, a perpendicular interconnection
(cathode contact) is formed in an opening area within the
irregular pixel 100a. The perpendicular interconnection pen-
etrates through the organic material layer configuring the
OLED 64 and electrically connects the cathode electrode,
which is the upper electrode, and the reference power supply
line 96. In the irregular pixel 100a according to this embodi-
ment, a cathode contact is formed in an opening area 102a
corresponding to the W sub-pixel 104w in the basic pixel
100 instead of the structure of the organic light emitting
element. The other configurations of the irregular pixel 100z
are identical with those of the basic pixels 100. Hence, pixel
pitches x' in the horizontal direction, and pixel pitches y' in
the vertical direction are uniform in the pixel array portion
62.

[0043] FIG. 3 is a schematic partial cross-sectional view
of the pixel array portion 62 of the organic EL display device
60, which illustrates a vertical cross-section of the pixel
array portion taken along a line in the horizontal direction
illustrated in FIG. 2. The organic EL display device 60 has
a structure in which a TFT substrate 110 and a counter
substrate 112 are bonded with each other with a filler layer
114 sandwiched therebetween. In this embodiment, the pixel
array portion is of a top emission type, the OLED 64 that is
a light emitting portion is formed on the TFT substrate 110,
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and a light generated by the OLED is emitted from the
counter substrate 112. That is, in FIG. 3, the light of the
OLED is emitted upward. Also, a coloring system in the
organic EL display device 60 illustrated in FIG. 3 is a color
filter system in which a white light is generated by the
OLED, and the white light passes through the color filter to
obtain the respective colors of RGB. In the W sub-pixel
104w, no color filter is arranged, and the white light of the
OLED is extracted as it is.

[0044] In the TFT substrate 110, for example, a circuit
layer 122, an insulating film 124, the bank 106, the OLED
64, a cathode contact 126, and a sealing film 128 are
laminated on a glass substrate 120.

[0045] The circuit layer 122 includes the pixel circuits 66,
the scanning lines 90, the video signal lines 92, the drive
power supply line 94, and the reference power supply line 96
as described above, and is formed on a surface of the glass
substrate 120. FIG. 3 illustrates only the reference power
supply line 96 in the circuit layer 122. Since the circuit layer
122 is located in the rear of the OLED 64 in the organic EL
display device 60 of the top emission type when viewed
from the counter substrate 112 side which is a display
surface, the circuit layer 122 can be made of an opaque
material. In particular, the various lines such as the reference
power supply line 96 can be made of metal high in conduc-
tivity as compared with a transparent conductive material
such as ITO (Indium Tin Oxide) or IZ0 (Indium Zinc
Oxide), and decrease the resistance.

[0046] The OLED 64 has a structure in which a lower
electrode 130, an organic material layer 132, and an upper
electrode 134 are laminated on each other in order from the
bottom. The organic material layer 132 includes a hole
transport layer, a light emitting layer, and an electron trans-
port layer.

[0047] In this embodiment, the lower electrode 130 and
the upper electrode 134 configure the anode electrode and
the cathode electrode of the OLED 64, respectively, and the
light emission in the light emitting layer is controlled
according to an electric signal applied between the lower
electrode 130 and the upper electrode 134.

[0048] The lower electrodes 130 are separated for each of
the pixels. The lower electrode 130 is made of ITO or 1Z0.
The lower electrode 130 is electrically connected to the TFT
(the drive TFT 70 illustrated in FIG. 1) formed in the circuit
layer 122 through a contact hole (not shown), and supplied
with a current corresponding to the video signal by the drive
portion and the pixel circuit.

[0049] In this embodiment, the organic EL display device
60 is of the top emission type, and the lower electrode 130
can have a double-layer structure in which a transparent
conductive film is laminated on a reflective layer made of a
material high in optical reflectivity. For example, the reflec-
tive layer can be made of aluminum (Al) or silver (Ag), and
reflects the light from the light emitting layer to the display
surface, that is, the counter substrate 112 side.

[0050] The upper electrode 134 is a common electrode
that is basically continuously formed over the pixels of the
overall pixel array portion 62. The upper electrode 134 is
made of a transparent electrode material such as ITO or IZO.
[0051] An end of the upper electrode 134 is connected to
the reference power supply circuit 86 illustrated in FIG. 1
through the line, and applied with a reference potential from
the reference power supply circuit 86.
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[0052] Further, the upper electrode 134 is connected to the
reference power supply line 96 by the cathode contact 126
formed in the opening area 102a located at a position
corresponding to the W sub-pixel in the pixel 100, in the
irregular pixel 100a, and applied with a reference potential
from the reference power supply circuit 86 through the
reference power supply line 96. As described above, the
reference power supply line 96 is made of metal and can
decrease the resistance, and a voltage drop between the
reference power supply circuit 86 and the cathode contact
126 due to the reference power supply line 96 is smaller than
a voltage drop in the upper electrode 134. Under the
circumstances, the irregular pixel 100a is arranged so that
the uniformity of the potential of the upper electrode 134 in
the pixel array portion 62 is improved by the application of
the reference potential through the cathode contact 126, and
the shading of the brightness of the OLED 64 is suppressed.

[0053] As described above, with the use of the cathode
contact 126 and the reference power supply line 96, even if
the upper electrode 134 is thinned, the shading can be
suppressed. Hence, since the upper electrode 134 can be
thinned to improve the transmittance of the upper electrode
134, a drive electric power of the OLED 64 for obtaining a
desired display brightness can be reduced.

[0054] The cathode contact 126 is made of a conductive
material filled in a contact hole 136 that penetrates through
the insulating film 124, a lower electrode 130a, and a
conductive material of the upper electrode 134 filled in a
hole that penetrates through the organic material layer 132.

[0055] The sealing film 128 is laminated on the overall
surface of the pixel array portion 62 where the OLEDs 64
are formed. The sealing film 128 has a function of blocking
the transmission of moisture contained in the filler layer 114
to protect the OLEDs 64.

[0056] The counter substrate 112 has a structure in which
a color filter 142 is laminated on a transparent substrate such
as a glass substrate 140. For example, in the cross-section
illustrated in FIG. 3, the color filter 142 that transmits
through a wavelength region of red is arranged at a position
of the R sub-pixel 1047. As has already been described, no
color filter 142 is arranged in the W sub-pixel 104w. A black
matrix 144 is arranged in a boundary of the color filter 142.

[0057] FIGS. 4A to 4C illustrate a schematic process flow
illustrating a method of forming the cathode contact 126,
and FIGS. 4A to 4C are respective schematic vertical
cross-sectional views of main manufacturing steps in a
portion related to the cathode contact 126 in the opening area
1024 of the irregular pixel 100q of FIG. 3.

[0058] FIG. 4A illustrates a state in which the circuit layer
122, the insulating film 124, the lower electrode 130, the
bank 106, and the organic material layer 132 are sequentially
formed over the glass substrate 120. The formation of those
respective layers can be basically conducted in the same
manner as the normal opening areas 102 where the OLEDs
64 are formed, or the related art. In the opening area 102a,
the reference power supply line 96 is arranged below the
lower electrode 130¢ as the circuit layer 122, and the contact
hole 136 is formed above the reference power supply line 96
in the insulating film 124. Incidentally, in the normal open-
ing area 102, the contact hole for connecting the lower
electrode 130 to the drive TFT 70 is formed in the insulating
film 124, and instead, the contact hole 136 is formed in the
opening area 102a. The contact hole in the normal opening



US 2016/0293677 Al

area and the contact hole 136 in the opening area 102a can
be formed in the same step. The contact hole 136 is filled
with a conductive material.

[0059] After the contact hole 136 has been formed in the
insulating film 124, a conductive film forming the lower
electrode 130 is laminated on the surface of the insulating
film 124, and patterned through the photolithography to
form the lower electrode 130a separated from the lower
electrode 130 of the adjacent opening area 102. Incidentally,
the filling of the above contact hole 136 with the conductive
material can be conducted in the step of laminating the
conductive material forming the lower electrode 130a. That
is, the conductive material forming the lower electrode 1304
is formed on the surface of the insulating film 124 and also
filled in the contact hole 136 to electrically connect between
the reference power supply line 96 and the lower electrode
130a.

[0060] After the formation of the lower electrode 130a, the
bank 106 is formed, and the organic material layer 132 is
laminated. FIG. 4A illustrates a state in which the above step
has been completed.

[0061] Then, a through-hole 150 is opened in the organic
material layer 132 of the opening area 102a (FIG. 4B). The
through-hole 150 can be formed by, for example, removing
the organic material layer 132 with the irradiation of a laser
beam 152. After the formation of the through-hole 150, the
conductive film is laminated to form the upper electrode 134
(FIG. 4C). The conductive film of the upper electrode 134 is
filled in the through-hole 150, and electrically connected to
the lower electrode 130a that is exposed from a bottom of
the through-hole 150. With the above configuration, as
perpendicular interconnection that penetrates through the
organic material layer 132 and electrically connects the
upper electrode 134 and the reference power supply line 96,
the cathode contact 126 is formed in the opening area 102a.
[0062] When the organic material layer 132 is painted for
each of the opening areas 102 through the ink jet system, the
organic material layer 132 is not formed in the opening area
102a of the irregular pixel 100q in advance, as a result of
which the removal step can be omitted. Also, when the
organic material layer 132 is formed by vapor deposition,
the opening area 102a can be put into an area in which the
organic material layer 132 is not formed with the use of a
fine metal mask.

[0063] In the above-mentioned organic EL display device
60, a part of the pixels that are two-dimensionally arrayed in
the pixel array portion 62 is the irregular pixel 100a. A
position of the irregular pixel 100a in the pixel array portion
62 is stored in a memory of'the control device 88 in advance.
The control device 88 generates a signal representing a
brightness value of the sub-pixels 104 in each of the pixels
on the basis of the input video signal, and outputs the signal
to the video line driver circuit 82. In this situation, the
control device 88 determines whether the pixel represented
by the input video signal is the basic pixels 100 or the
irregular pixel 100a, with reference to information on the
position of the irregular pixel 100a stored in the memory.
Then, the control device 88 converts the video signal cor-
responding to the position of the basic pixel 100 into four
kinds of color component signals of RGBW, and also
converts the video signal corresponding to the position of
the irregular pixel 100q into three kinds of color component
signals of RGB. In the conversion, the intensity of the
respective component signals of RGBW is determined so
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that the color and the brightness represented by the input
video signal are represented by the composition of the light
emission of RGBW colors in the basic pixel 100. In the
irregular pixel 100q, the intensity of the respective compo-
nent signals of RGB is determined so that the color and the
brightness are represented by the composition of the light
emission of RGB colors. As a result, the same display
characteristic is basically realized between the pixels 100
and the irregular pixels 100a.

Second Embodiment

[0064] A description will be given of the organic EL
display device 60 according to a second embodiment of the
present invention below. In this embodiment, the compo-
nents common to those in the first embodiment are denoted
by identical symbols, and a description of those components
will be basically omitted, and differences from the first
embodiment will be mainly described.

[0065] Each of the pixels 100 according the second
embodiment includes four sub-pixels of RGBW which are
Bayer-arrayed as in the first embodiment. Differences
between the second embodiment and the first embodiment
reside in the structure of the irregular pixel. FIG. 5 is a
schematic plan view of an irregular pixel 1005 according to
the second embodiment. In the irregular pixel 1007, the
cathode contact 126 is formed in a part of an area 160
corresponding to an opening area of the W sub-pixel 104w
of each basic pixel 100 instead of the structure of the organic
light emitting element. Specifically, the area 160 is parti-
tioned into two areas 160a and 1605 by a bank 162, and the
OLED 64 of the white light emission 1s formed, for example,
in the area 160a as with the basic pixel 100. On the other
hand, the cathode contact 126 is formed in the area 16056
without provision of the organic material layer 132.

[0066] In this embodiment, the control device 88 converts
the video signal corresponding to the position of the irregu-
lar pixel 1005 into four kinds of the color component signals
of RGBW. In this situation, that an area of the W sub-pixel
104w in the irregular pixel 1005 is smaller than the basis
pixel 100 is taken into consideration. For example, the
brightness reduction corresponding to a reduction of the area
of the W sub-pixel 104w can be compensated by increasing
the light emission intensity of the RGB sub-pixels 104, or
can be compensated by increasing a current density of the
OLED in the W sub-pixel 104w

Third Embodiment

[0067] A description will be given of the organic EL
display device 60 according a third embodiment of the
present invention. In this embodiment, the components
common to those in the first embodiment are denoted by
identical symbols, and a description of those components
will be basically omitted, and differences from the first
embodiment will be mainly described.

[0068] FIG. 6 is a schematic partial plan view of a pixel
array portion 62 in an organic EL display device 60 accord-
ing to this embodiment. This embodiment is different from
the first embodiment in that a basic pixel 200 includes three
sub-pixels of RGB, and the cathode contact 126 is formed in
an opening area 1025 located at a position in an irregular
pixel 2004 corresponding to the B sub-pixel in the basic
pixel 200.
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[0069] In this embodiment, the irregular pixel 200a
includes two sub-pixels of RG. For that reason, a deficit of
the B sub-pixel caused by the provision of the cathode
contact 126 cannot be compensated by signal processing.
However, since B is a color lowest in the visual sensitivity
among RGB, a configuration in which the B sub-pixel forms
the formation area of the cathode contact 126 hardly dete-
riorates the image quality. In particular, if the number of
irregular pixels 200¢ is very small in the pixel array portion
62, the image quality deterioration is not noticeable. On the
other hand, with the provision of the cathode contact 126, as
in the first and second embodiments, the shading is sup-
pressed, and the power consumption in the OLED can be
reduced.

[0070] In the above respective embodiments, the organic
EL display device 60 is of the top emission type. However,
the present invention intended to substantially reduce the
resistance of the upper electrode 134 using the reference
power supply line 96 and the cathode contact 126 can be also
applied to the organic EL display device 60 of a bottom
emission type. For example, in a large-area display device,
with the application of the configuration of the present
invention, the shading can be further preferably suppressed
as compared with a case in which the upper electrode 134 is
merely thickened to reduce the resistance.

[0071] According to the above-mentioned present inven-
tion using the embodiments, the upper electrode is con-
nected to the feeder line within the display area, thereby
being capable of suppressing shading. Since the connection
between the upper electrode and the feeder line is conducted
by the opening areas of some pixels, there is no need to
increase the width of the bank, the high opening ratio of the
pixel can be maintained from the viewpoint of the overall
display area, and the resolution is improved.

[0072] While there have been described what are at pres-
ent 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.

1-4. (canceled)

5. An organic EL display device comprising:

a substrate;

a plurality of pixels formed on the substrate, each of the
pixels including a lower electrode, a light emitting
layer, and an upper electrode;

a bank partitioning the pixels and exposing the lower
electrode; and

a line formed on the substrate and under the lower
electrode,

wherein at least one of the pixels has a hole which
penetrates through the light emitting layer and exposes
the lower electrode, the hole being located where the
lower electrode is exposed by the bank,

the upper electrode is on and in physical contact with the
lower electrode at the hole, and
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the upper electrode is electrically connected to the line via
the lower electrode at the hole.

6. The organic EL display device according to claim 5,
wherein the line supplies the upper electrode with a common
voltage.

7. The organic EL display device according to claim 5,
wherein the upper electrode is common to the plurality of
pixels.

8. The organic EL display device according to claim 5,
wherein the at least one of the pixels has a light emitting area
and a non-emitting area which corresponds to the hole.

9. The organic EL display device according to claim 8,
wherein the bank has a first opening which exposes the light
emitting area and a second opening which exposes the
non-emitting area in one of the pixels.

10. The organic EL display device according to claim 5,
wherein an insulating film is located between the line and the
lower electrode, and has a contact hole which overlaps the
hole in plan view, and

the lower electrode is on an in physical contact with the
line at the contact hole.

11. An organic EL display device comprising:

a substrate;

a plurality of pixels formed on the substrate and arranged
in a matrix, each of the pixels including a lower
electrode, a light emitting layer, and an upper electrode
which is common to the plurality of pixels;

a bank partitioning the pixels and exposing the lower
electrode; and

a line formed on the substrate and under the lower
electrode, and supplying the upper electrode with a
common voltage,

wherein the pixels include first pixels and second pixels,

each of the first pixels emit light where the lower elec-
trode is exposed by the bank,

each of the second pixels have a hole which penetrates
through the light emitting layer, the hole being located
where the lower electrode is exposed by the bank,

the upper electrode is on and in physical contact with the
lower electrode at the hole in each of the second pixels,
and

the upper electrode is electrically connected to the line via
the lower electrode at the hole in each of the second
pixels.

12. The organic EL display device according to claim 11,
wherein a plurality of lines including the line are formed on
the substrate and under the lower electrode, and supply the
upper electrode with a common voltage,

the plurality of lines extends in a first direction, and
arranged in a second direction,

each of the lines overlaps some of the pixels arranged in
the first direction, and

the overlapped pixels include at least one of the second
pixels.
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