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(57) ABSTRACT

An OLED display device includes a first substrate including
aplurality of pixels located in a matrix and a second substrate
facing the first substrate. The plurality of pixels each include
apixel circuit to which a data voltage is written and an OLED
display element including a first electrode supplied with a
current from the pixel circuit in accordance with the data
voltage, and a second electrode supplied with a power supply
voltage. The first substrate and the second substrate each
include a plurality of power supply lines; the plurality of
power supply lines of the first substrate and the plurality of
power supply lines of the second substrate are respectively
connected to each other via a conductive member; and each of
the plurality of power supply lines is connected to the second
electrode of the OLED display element.
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FIG. 1
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FIG. 2A
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FIG. 2B
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OLED DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2012-261961, filed on 30 Nov., 2012, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention relates to an OLED (organic
light-emitting diode) display device including an OLED ele-
ment.

BACKGROUND

[0003] Recently, display devices using an element which
emits light at an intensity in accordance with a supplied
electric current (hereinafter, such an element will be referred
to as a “current light-emitting element”), for example, OLED
display devices have been developed. Such a display device
controls an amount of current supplied to the current light-
emitting element by a driving transistor provided in each of
pixels, and thus controls the gray scale of display.

[0004] Among such display devices, a type of OLED dis-
play device has a structure including a substrate on which a
plurality of OLED elements and a plurality of driving tran-
sistors in correspondence with a plurality of pixels are formed
(hereinafter, such a substrate will be referred to as an “array
substrate”), and a counter substrate for transmitting light from
the OLED elements. The counter substrate is bonded to the
array substrate. The OLED elements each include a light-
emitting (FL) layer. Above and below the light-emitting layer,
an anode electrode and a cathode electrode for supplying a
current for light emission are located. These electrodes are
connected to a driver IC or an external power supply via a
power supply line provided on the array substrate, and thus
are supplied with a power supply voltage.

[0005] Inordertominimize atransmission loss between the
power supply and the electrodes, a type of conventional dis-
play device, for example, uses a thinner power supply line,
uses a narrower power supply line, includes a plurality of
power supply lines, or uses a power supply line formed of a
plurality of layers, in an attempt to lower the resistance of the
power supply line on the array substrate (see, for example,
Patent Document 1: “Japanese Laid-Open Patent Publication
No. 2001-154218”).

[0006] However, as the screen of the display device is
enlarged, lines are extended; and as the display precision is
raised and the frame area becomes narrower, an area where
the lines can be located is made smaller. For these and other
reasons, the resistance of the power supply line on the array
substrate is raised. Therefore, in the conventional display
device as described above, image quality may be undesirably
deteriorated for the following reasons. A voltage drop makes
the luminance insufficient; and since the voltage is different
between an area proximal to the power supply and an area
distal from the power supply, there occurs an in-plane lumi-
nance distribution (luminance gradient).

[0007] The present invention made in light of the above-
described problems solves the problem that the resistance of
the power supply line is raised to cause luminance gradient,
which occurs when a display device having a large screen, a
high precision and a narrow frame area is designed. Namely,
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the present invention has an object of providing an OLED
display device including low-resistance power supply lines
with no luminance gradient and with no restriction by the size
of the area on the array substrate where the power supply lines
can be located, and thus realize improved image quality.

SUMMARY

[0008] An OLED display device in an embodiment accord-
ing to the present invention includes a first substrate including
a plurality of control signal lines and a plurality of data signal
lines crossing each other, and a plurality of pixels located in a
matrix at intersections of the plurality of control signal lines
and the plurality of data signal lines; and a second substrate
facing the first substrate. The plurality of pixels each include
a pixel circuit to which a data voltage supplied from the
corresponding data signal line is written in accordance with a
control signal supplied from the corresponding control signal
line; and an OLED display element including a first electrode
supplied with a current from the pixel circuit in accordance
with the data voltage, and a second electrode supplied with a
power supply voltage. The first substrate and the second sub-
strate each include a plurality of power supply lines; the
plurality of power supply lines of the first substrate and the
plurality of power supply lines of the second substrate are
respectively connected to each other via a conductive mem-
ber; and each of the plurality of power supply lines is con-
nected to the second electrode of the OLED display element.
[0009] The plurality of power supply lines of the second
substrate may be located in an area which does not overlap a
display area of the first substrate where the plurality of pixels
are located.

[0010] The conductive member may be located in an area
which does not overlap a display area of the first substrate
where the plurality of pixels are located, the conductive mem-
ber being located as connecting the first substrate and the
second substrate to each other.

[0011] The conductive member may be formed of a con-
ductive resin or an anisotropic conductive film.

[0012] The second electrodes of the OLED display ele-
ments may form one common electrode provided in corre-
spondence with the plurality of pixels, and the common elec-
trode may be connected to the plurality of power supply lines
at a plurality of positions and thus may be provided with the
power supply voltage.

[0013] According to the present invention, the power sup-
ply lines are provided on the frame area of the counter sub-
strate. Owing to this, the power supply lines can supply a
power supply voltage with a low resistance without being
restricted by the area of the array substrate where the power
supply lines can be located. Therefore, an OLED display
device according to the present invention can improve image
quality without causing luminance gradient, which would be
caused by a high resistance of the power supply lines, and also
canrealize a large screen, a high precision and a narrow frame
area.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1is a plan view showing a schematic structure
of an OLED display device in an embodiment according to
the present invention;

[0015] FIG. 2A is a cross-sectional view showing a sche-
matic structure of an OLED display device in an embodiment
according to the present invention;
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[0016] FIG. 2B is a circuit diagram showing an example of
pixel circuit usable for an OLED display device in an embodi-
ment according to the present invention;

[0017] FIG. 3 shows a structure of an OLED display device
in Embodiment 1 according to the present invention; FIG.
3(a) is a plan view showing an array substrate, and FIG. 3(5)
is a cross-sectional view showing the OLED display device;
[0018] FIG.4shows astructure ofthe OLED display device
in Embodiment 1 according to the present invention; FIG.
4(a) is a plan view of a counter substrate, and FIG. 4() is a
plan view of the array substrate;

[0019] FIG. 5shows astructure of an OLED display device
in Embodiment 2 according to the present invention; FIG.
5(a) is a plan view showing an array substrate, and FIG. 5(5)
is a cross-sectional view showing the OLED display device;
[0020] FIG. 6 shows a structure of the OLED display device
in Embodiment 2 according to the present invention; FIG.
6(a) 1s a plan view of a counter substrate, and FIG. 6(b) is a
plan view of the array substrate;

[0021] FIG. 7 shows a structure of an OLED display device
in Embodiment 3 according to the present invention; FIG.
7(a) 1s a plan view showing an array substrate, and FIG. 7(5)
is a cross-sectional view showing the OLED display device;
[0022] FIG. 8showsastructure of the OLED display device
in Embodiment 3 according to the present invention; FIG.
8(a) 1s a plan view of a counter substrate, and FIG. 8(5) is a
plan view of the array substrate; and

[0023] FIG. 9 shows a structure of a conventional OLED
display device; FIG. 9(a) is a plan view showing an array
substrate, and FIG. 9(b) is a cross-sectional view showing the
OLED display device.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, embodiments of an OLED display
device according to the present invention will be described
with reference to the drawings. The OLED display device
according to the present invention is not limited to the fol-
lowing embodiments and can be carried out in various modi-
fications.

[0025] FIG. 1 shows a schematic structure of an OLED
display device 100 in an embodiment according to the present
invention. The OLED display device 100 in this embodiment
includes a display area 101, an FPC (flexible printed circuit)
102, adriver IC 103, and a scanning line driving circuit 104a
which are formed on a substrate 110. In the display area 101,
a plurality of control signal lines gl-1 through g1-3 running
laterally in FIG. 1, and a plurality of data signal lines d1
through d3 running vertically in FIG. 1, are located to cross
each other. At intersections of the control signal lines g1-1
through g1-3 and the data signal lines d1 through d3, a plu-
rality of pixels 105 are located in a matrix. In the example
shown in FIG. 1, three control signal lines g1-1 through g1-3
and one data signal line d1 crossing each other are provided
for one pixel 105. The OLED display device 100 is not limited
to having such a structure.

[0026] As shown in FIG. 1, the OLED display device 100
may include an area 1045 where a peripheral circuit other
than the scanning line driving circuit 104q, a line and the like
are formed. The area 1046 is located at a position facing the
scanning line driving circuit 104a while having the display
area 101 therebetween. The positions of the scanning line
driving circuit 104a and the area 1045 where the peripheral
circuit, the line and the like are formed are not limited to the
positions shown in FIG. 1. Hereinafter, the area where the
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scanning line driving circuit 104 is located in FIG. 1 will be
referred to as a “peripheral circuit area 104a”, and the area
1045 where the other peripheral circuit and the like are
formed will be referred to as a “peripheral circuit area 1045”.
The scanning line driving circuit 104q, the peripheral circuit,
the line and the like may be formed at either one of the
peripheral circuit areas 104a and 1045.

[0027] Ineach of pixels 105, a pixel circuit is located. The
pixel circuit includes a capacitor for storing a data voltage
supplied from the data signals d1 through d3 and a thin film
transistor for controlling light emission of the corresponding
pixel 105 by controlling write of a data voltage supplied to the
corresponding pixel 105 in accordance with a control signal
supplied from the control signals g1-1 through g1-3.

[0028] Hereinafter, with reference to FIGS. 2A and 2B, a
structure of the pixel 105 will be described in more detail.
[0029] FIG. 2A is a cross-sectional view showing a sche-
matic structure of the pixel 105 usable for the OLED display
device 100 in an embodiment according to the present inven-
tion. F1G. 2Bis a circuit diagram showing an example of pixel
circuit 20 usable for the OLED display device 100 in an
embodiment according to the present invention.

[0030] As shown in FIG. 24, the pixel 105 includes the
pixel circuit 20 formed on the substrate 110, and an OLED
element 10 formed on the pixel circuit 20 while having an
insulating film 22 and a flattening film 21 therebetween. The
OLED element 10 includes an anode 13 formed on a reflec-
tive film 19, an organic EL (electro-luminescence) layer 12
formed on the anode 13, and a cathode 11 formed on the
organic EL layer 12. The organic EL layer 12 includes a hole
injection layer (HIL) 18, a hole transporting layer (HTL) 17,
alight emitting layer (EML) 16, an electron transporting layer
(ETL) 15, and an electron injection layer (EIL) 14 which are
stacked sequentially. The anode 13 is an electrode which is
located for each pixel 105 and supplies an electric current to
the organic EL layer 12. The cathode 11 is an electrode
located in correspondence with all the pixels 105 and thus acts
as a common electrode. The OLED display device 100
including the pixel circuit 20 shown in FIG. 2A is of a top
emission type. Therefore, the cathode 11 is formed of a light-
transmissive material such that light emitted from the organic
EL layer is transmitted through the cathode 11.

[0031] As shown in FIG. 2B, the pixel circuit 20 of each
pixel 105 may include four transistors TR1 through TR4, two
capacitors C1 and C2, and the OLED element 10 (represented
as “OLED” in FIG. 2B). A source of the transistor TR1 is
connected to a data voltage line DATA (data signal line d1
shown in FIG. 1). A drain of the transistor TR1 is connected
to one of electrodes of the capacitor C1. A gate of the tran-
sistor TR1 is connected to a scanning electrode line SELECT
(control signal line g1-1 shown in FIG. 1). A source of the
transistor TR2 is connected commonly to the other electrode
of the capacitor C1, one of electrodes of the capacitor C2 and
a gate of the transistor TR3. A drain of the transistor TR2 is
commonly connected to a drain of the transistor TR3 and a
source of the transistor TR4. A gate of the transistor TR2 is
connected to a control signal line AZ (control signal line g1-2
shown in FIG. 1). A drain of the transistor TR4 is connected
to the anode 13 of the OLED element 10. A gate of the
transistor TR4 is connected to a control signal line AZB
(control signal line g1-3 shown in FIG. 1). A source of the
transistor TR3 and the other electrode of the capacitor C2 are
supplied with a first power supply voltage, and the cathode 11
of the OLED element 10 is supplied with a second power
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supply voltage. In an embodiment according to the present
invention, the first power supply voltage is an anode voltage
VDD, and the second power supply voltage is a cathode
voltage CV. As the cathode voltage CV, a reference voltage or
a negative voltage is used.

[0032] The pixel circuit 20 having such a structure is
arranged as follows. Variance of an operation threshold value
of the transistor TR3 is corrected, and then the capacitors C1
and C2 and the like are allowed to store a voltage. Owing to
this, the OLED element 10 is allowed to emit light at a
luminance corresponding to a data voltage supplied from the
data voltage line DATA. Therefore, the pixel circuit 20 having
the structure shown in FI1G. 2B is used for an OLED display
device or the like in which variance of the transistor charac-
teristics, a power supply voltage drop or the like directly
influences the display.

[0033] Hereinafter, with reference to FIG. 9, a structure of
aconventional OLED display device 100x including the pixel
circuit 20 will be described. FIG. 9 shows a structure of the
conventional OLED display device 100x. FIG. 9(a) is a plan
view showing an array substrate 110, and FIG. 9(5) is a
cross-sectional view showing the OLED display device 100x.
Elements of the conventional OLED display device 100x that
are identical to those of the OLED display device 100
described above with reference to FIG. 1 will bear identical
reference numerals thereto, and descriptions thereof will be
omitted.

[0034] Likethe OLED display device 100, the conventional
OLED display device 100x shown in FIG. 9 includes a sub-
strate 110 including a display area 101 having a plurality of
pixels 105, peripheral circuit areas 104a and 1045 and a driver
IC 103 (hereinafter, this substrate will be referred to as an
“array substrate 110”), and a counter substrate 130 bonded
with the array substrate 110 with a sealing member 125 or the
like. The array substrate 110 and the counter substrate 130
may each be formed of a glass substrate. The counter sub-
strate 130 may include a color filter, or may be a thin film
device or the like having a touch panel function.

[0035] As shown in FIG. 9, in the conventional OLED
display device 100x, a power supply voltage is supplied, for
example, from a power supply such as the driver IC 103 or the
like to the cathode 11 located in the display area 101 via
power supply lines 120x located in the array substrate 110.
The power supply voltage is not limited to being supplied
from the driver IC 103 shown in FIG. 9, and may be supplied
from an external power supply (not shown). In FIG. 9, the
current paths of the power supply lines 120x are shown as
“120x” in a simplified manner. The arrows of the power
supply lines 120x shown in FIG. 9(a) and dashed arrow X
shown in FIG. 9(b) represent directions in which the power
supply voltage is transmitted. Although not shown in FIG.
9(a), the cathode 11 is located to cover all the pixels 105 in the
display area 101 and acts as a common electrode. The struc-
ture shown in FIG. 9(a) is merely an example, and the cathode
11 may be connected to the power supply lines 120x at a
plurality of positions and supplied with a power supply volt-
age as represented by the arrows of the power supply lines
120x in the display area 101. FIG. 9(a) shows an example in
which the power supply lines 120x are connected to the cath-
ode 11 at four corners of the display area 101, which is
rectangular.

[0036] As shown in FIG. 9(a), the power supply lines 120x
connected to the cathode 11 in the display area 101 are located
in an area on the array substrate 110 excluding the display
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area 101 represented by the chain line in FIG. 9(a) and the
peripheral circuit areas 104a and 1045. The power supply
lines 120x are required to supply a power supply voltage to all
the pixels 105 in the entire display area 101 uniformly and
sufficiently but not excessively. For realizing this, the power
supply lines 120x need to have a low resistance.

[0037] However, in the conventional OLED display device
100x, the above-described margin area on the array substrate
110 excluding the display area 101 and the peripheral circuit
areas 1044 and 1045 is the only area where the power supply
lines 120x can be located. Thus, the width of the power supply
lines 120x is restricted. The width of the power supply lines
120x tends to be more restricted for the following reasons, for
example. As the screen of the display device is enlarged, lines
are extended; as the display precision is raised, the circuits
other than the power supply lines 120x are complicated and
enlarged; and as the frame area becomes narrower, an area
where the lines can be located is made smaller. Since the
width of the power supply lines 120 is more restricted, it is
difficult to lower the resistance thereof. Where an arrange-
ment in which a plurality of types of power supply lines are
provided on the array substrate or the power supply lines on
the array substrate are formed of a plurality of layers is
adopted, the resistance is lowered to a certain level. However,
such an arrangement complicates the structure of the display
device and puts a limit on the improvement in the display
performance. The present inventor made researches for a
structure of an OLED display device which can improve the
image quality without causing luminance gradient, which
would be caused by a high resistance of the power supply
lines 120x, and can realize a large screen, a high precision and
a small frame area. Thus, the present inventor achieved the
present invention.

Embodiment 1

[0038] Hereinafter, with reference to FIG. 3 and FIG. 4, a
structure of an OLED display device 100 in Embodiment 1
according to the present invention will be described. FIG. 3
shows a structure ofthe OLED display device 100 in Embodi-
ment 1 according to the present invention. FIG. 3(a) is a plan
view showing an array substrate 110, and FIG. 3(b) is a
cross-sectional view showing the OLED display device 100.
FIG. 4 shows a structure of the OLED display device 100 in
Embodiment 1 according to the present invention. FIG. 4(a)
is a plan view of a counter substrate 130, and FIG. 4(b) is a
plan view of the array substrate 110. Hereinafter, elements
identical to those of the conventional OLED display device
100x described above with reference to FIG. 9 will bear
identical reference numerals thereto, and the descriptions
thereof will be omitted.

[0039] AsshowninFIG. 3, the OLED display device 100 in
Embodiment 1 includes the array substrate 110 including a
display area 101 having a plurality of pixels 105, peripheral
circuit areas 104a and 1045 and a driver IC 103, and also
includes the counter substrate 130 bonded to the array sub-
strate 110 with a sealing member 125 (not shown in FIG. 3) or
the like. The OLED display device 100 in Embodiment 1 also
includes conductive members 121a through 1214 between
the array substrate 110 and the counter substrate 130. Power
supply lines 120 formed on the array substrate 110 and power
supply lines 120 formed on the counter substrate 130 are
conductive to each other via the conductive members 121a
through 1214.
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[0040] The power supply lines 120 may be formed of a
known material, for example, ITO, aluminum, gold, silver,
copper or the like. The conductive members 121a through
121d are formed of, for example, a conductive resin or an
anisotropic conductive film (ACF). FIG. 3(a) shows the
power supply lines 120 as extending in an area inner to the
conductive members 121a through 1214 for the sake of expla-
nation. In actuality, however, the conductive members 121a
through 121d are formed on the power supply lines 120 which
are formed on the array substrate 110 and the counter sub-
strate 130, and the array substrate 110 and the counter sub-
strate 130 are connected to each other via the conductive
members 121a through 121d. The positions of the power
supply lines 120 and the conductive members 1214 through
1214 are not limited to those shown in FIG. 3, as described
later.

[0041] The arrows of the power supply lines 120 shown in
FIG. 3(a) and dashed arrow A shown in FIG. 3(5) represent
directions in which a cathode power supply voltage is trans-
mitted. The cathode power supply voltage is transmitted from
the driver IC 103 on the array substrate 110 to the power
supply lines 120 on the array substrate 110, then is transmit-
ted to the power supply lines 120 on the counter substrate 130
via the conductive members 121a and 1214, then is transmit-
ted to the power supply lines 120 on the array substrate 110
via the conductive members 1215 and 121¢, and then is sup-
plied to the cathode 11 in the display area 101.

[0042] The power supply lines 120 on the counter substrate
130can belocatedinanarea 122 shown in FIG. 4(a). The area
122 is a frame area of the counter substrate 130 that does not
overlap the display area 101. Therefore, the width of the
power supply lines 120 can be determined by maximum use
of the width of the frame area of the counter substrate 130.
Thus, the power supply lines 120 can have a low resistance.
The power supply lines 120 on the array substrate 110 may be
located at any positions of a margin area 123 shown in FIG.
4(b) excluding the display area 101 and the peripheral circuit
areas 104a and 1045. Owing to this, as represented by arrows
B in FIG. 4(4) which indicate directions in which the power
supply voltage is transmitted, the cathode power supply volt-
age can be transmitted from four sides of the rectangular
display area 101 to all the pixels 105 uniformly with a low
resistance. Therefore, the power supply voltage can be sup-
plied such that luminance gradient does not occur between
the pixels 105 in a proximal part of the display area 101 that
are located on the power supply side and the pixels 105 in a
distal part of the display area 101 that are located on the side
opposite to the power supply. As a result, image deterioration
of the OLED display device 100 can be reduced.

[0043] As the structure of the power supply lines 120, the
power supply lines 120 shown in FIG. 3 and FIG. 4 which are
located on the array substrate 110 and the counter substrate
130 and connected to each other via the conductive members
121a through 1214, and the power supply lines 120x shown in
FIG. 9 which are located only on the array substrate 110 may
be combined.

[0044] In FIG. 3(a), the power supply lines 120 on the
counter substrate 130 are located on a surface of the counter
substrate 130 that faces the array substrate 110. The power
supply lines 120 are not limited to being located on such a
surface, and may be located on a surface of the counter sub-
strate 130 that does not face the array substrate 110. In the
case where, for example, the counter substrate 130 is a color
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filter substrate, the power supply lines 120 may be located on
a protective film covering a stack of films including the color
filter.

[0045] InFIG. 3 and FIG. 4, the conductive members 121a
through 1214 are located at four corners of the frame areas
122 and 123 surrounding the display area 101. The number of
the conductive members is not limited to four. The number of
the conductive members may be variable in accordance with
how much the frame areas of the OLED display device 100
are made narrower, and may be any number of one or greater.
The conductive members may be located at any positions in
the areas 122 and 123 where the power supply lines 120 can
be located.

[0046] As described above, the OLED display device 100
in Embodiment 1 according to the present invention is struc-
tured such that the power supply lines 120 formed on the array
substrate 110 and the power supply lines 120 formed on the
counter substrate 130 are connected to each other via the
conductive members 121a through 121d, and such that the
resistance of the power supply lines 120 is lowered by use of
the frame area 122 ofthe counter substrate 130. Owing to this,
the resistance of the power supply lines 120 can be lowered
with no restriction on the width thereof on the array substrate
110.

[0047] Thus, the OLED display device 100 in Embodiment
1 according to the present invention can improve image qual-
ity without causing luminance gradient, which would be
caused by a high resistance of the power supply lines 120, and
also can realize a large screen, a high precision and a narrow
frame area.

Embodiment 2

[0048] Hereinafter, with reference to FIG. 5 and FIG. 6, a
structure of an OLED display device 100 in Embodiment 2
according to the present invention will be described. FIG. 5
shows a structure ofthe OLED display device 100 in Embodi-
ment 2 according to the present invention. FIG. 5(a) is a plan
view showing an array substrate 110, and FIGS. 5(b) and 5(¢)
are each a cross-sectional view showing the OLED display
device 100. FIG. 6 shows the structure of the OLED display
device 100 in Embodiment 2 according to the present inven-
tion. FIG. 6(a) is a plan view of a counter substrate 130, and
FIG. 6(b) is a plan view of the array substrate 110. Hereinaf-
ter, elements identical to those of the OLED display device
100 in Embodiment 1 described above with reference to FIG.
3 and FIG. 4 will bear identical reference numerals thereto,
and the descriptions thereof will be omitted.

[0049] As shown in FIG. 5 and FIG. 6, the OLED display
device 100 in Embodiment 2 includes two types of power
supply lines 1204 and 1205 located on the array substrate 110
and the counter substrate 130, and eight conductive members
121e through 121/. In the OLED display device 100 in
Embodiment 2, the plurality of types of power supply lines
are provided to realize a plurality of power supplies with a low
resistance.

[0050] As shown in FIG. 5 and FIG. 6, the power supply
lines 1204 located on the array substrate 110 are connected to
the power supply lines 120a located on the counter substrate
130 via the conductive members 121e through 121/ located
in areas 122A and 123 A, which are outer parts of frame areas
of the counter substrate 130 and the array substrate 110. The
power supply lines 1205 located on the array substrate 110 are
connected to the power supply lines 1205 located on the
counter substrate 130 via the conductive members 121i
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through 121/ located in areas 122B and 123B, which are parts
of the frame areas of the counter substrate 130 and the array
substrate 110 that are inner and thus closer to the display area
101.

[0051] Owing to such a structure of the OLED display
device 100 in Embodiment 2, a cathode power supply voltage
is transmitted as follows as represented by dashed arrows C
and D in FIGS. 5(b) and 5(c). The cathode power supply
voltage is transmitted from the driver IC 103 on the array
substrate 110 to the power supply lines 120a and 1205 on the
array substrate 110, then is transmitted to the power supply
lines 120a and 1205 on the counter substrate 130 via the
conductive members 121¢ and 121/ and the conductive mem-
bers 121 and 121/, then is transmitted to the power supply
lines 120a and 1205 on the array substrate 110 via the con-
ductive members 121fand 121g and the conductive members
121j and 121£, and is supplied to the cathode 11 in the display
area 101. The plurality of types of power supply lines 120a
and 1204 are not limited to being connected to the cathode 11,
and may be connected to any other component to supply the
power supply voltage although not shown.

[0052] As described above, the OLED display device 100
in Embodiment 2 according to the present invention is struc-
tured such that the resistance of each of the power supply lines
120q and 1205 is lowered by use of the frame areas 122A and
122B of the counter substrate 130. Owing to this, as repre-
sented by arrows E and F in FIG. 6(b) which indicate direc-
tions in which the power supply voltage is transmitted, the
power supply voltage can be supplied from four sides of the
rectangular display area 101 to all the pixels 105 uniformly
with a low resistance.

[0053] Thus, the OLED display device 100 in Embodiment
2 according to the present invention including the plurality of
types of power supply lines 120a and 1205 also can lower the
resistance of each of the power supply lines 1202 and 1206 by
use ofthe frame areas 122A and 122B ofthe counter substrate
130, like the OLED display device 100 in Embodiment 1.
Thus, the OLED display device 100 in Embodiment 2 can
supply the power supply voltage to all the pixels 105 without
causing luminance gradient.

Embodiment 3

[0054] Hereinafter, with reference to FIG. 7 and FIG. 8, a
structure of an OLED display device 100 in Embodiment 3
according to the present invention will be described. FIG. 7
shows a structure of the OLED display device 100 in Embodi-
ment 3 according to the present invention. FIG. 7(a) is a plan
view showing an array substrate 110, and FIGS. 7(b) and 7(c)
are each a cross-sectional view showing the OLED display
device 100. FIG. 8 shows a structure of the OLED display
device 100 in Embodiment 3 according to the present inven-
tion. FIG. 8(a) is a plan view of a counter substrate 130, and
FIG. 8(b) is a plan view of the array substrate 110. Hereinaf-
ter, elements identical to those of the OLED display devices
100in Embodiment 1 and 2 described above with reference to
FIG. 3 through FIG. 6 will bear identical reference numerals
thereto, and the descriptions thereof will be omitted.

[0055] As shown in FIG. 7 and FIG. 8, the OLED display
device 100 in Embodiment 3 includes two types of power
supply lines 120c and 1204 located on the array substrate 110
and the counter substrate 130, and four conductive members
121m through 121p. In the OLED display device 100 in
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Embodiment 3, a plurality of power supplies are provided
with a low resistance, like in the OLED display device 100 in
Embodiment 2.

[0056] Inthe OLED display device 100 in Embodiment 3,
a cathode power supply voltage is transmitted as follows as
represented by dashed arrows G and H FIGS. 7(4) and 7(c).
The cathode power supply voltage is transmitted from the
driver IC 103 on the array substrate 110 to the power supply
lines 120¢ and 1204 on the array substrate 110, then is trans-
mitted to the power supply lines 120c¢ and 1204 on the counter
substrate 130 via the conductive members 121m and 121p,
then is transmitted to the power supply lines 120c and 1204 on
the array substrate 110 via the conductive members 1217 and
1210, and is supplied to a cathode 11 in the display area 101.
Like in the OLED display device 100 in Embodiment 2, the
plurality of types of power supply lines 120¢ and 1204 are not
limited to being connected to the cathode 11, and may be
connected to any other component to supply the power supply
voltage.

[0057] AsshowninFIG. 8, the power supply lines 120c¢ and
1204 are respectively located on a left area 123C and a right
area 123D on the array substrate 110, and are respectively
located on a left area 122C and a right area 122D on the
counter substrate 130. The left area 123C and the right area
123D are parts of the frame area surrounding the display area
101 of the array substrate 110 and have a center line therebe-
tween. The left area 122C and the right area 122D are parts of
the frame area of the counter substrate 130 and have a center
line therebetween. Owing to the structure in which the differ-
ent types of power supply lines 120c and 1204 are located on
the left areas 123C and 122C and the right areas 123D and
122D, different power supply voltages may be transmitted by
the power supply lines 120¢ and 1204. In this case, the pixels
105 in a left half of the display area 101 and the pixels 105 in
aright halfof the display area 101 are provided with different
power supply voltages. Alternatively, as represented by
arrows L and J in FIG. 8() which indicate directions in which
the power supply voltage is transmitted, the power supply
voltage can be supplied from four sides of the rectangular
display area 101 to all the pixels 105 uniformly with a low
resistance.

[0058] In FIG. 8, the frame areas surrounding the display
area 101 are divided into the left areas 122C and 123C and the
right areas 122D and 123D along the center lines, and the
power supply lines 120¢ and 1204 are located on the left areas
and the right areas. The frame areas are not limited to being
divided along the center lines, and the positions of the power
supply lines 120¢ and 1204 may be appropriately changed in
accordance with the specifications.

[0059] As described above, the OLED display device 100
in Embodiment 3 according to the present invention is struc-
tured such that the resistance of each of the power supply lines
120c¢ and 1204 is lowered by use of the frame areas 122C and
122D of the counter substrate 130. Owing to this structure, the
OLED display device 100 in Embodiment 3 according to the
present invention including the plurality of types of power
supply lines 120¢ and 1204 also can supply the power supply
voltage to all the pixels 105 without causing luminance gra-
dient, like in the OLED display devices 100 in Embodiments
land?2.

[0060] As described above, in the OLED display devices
100 in Embodiments 1 through 3 according to the present
invention, the power supply lines 120 and 120a through 1204
are provided in the frame area of the counter substrate 130.
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Owing to this, the power supply lines 120 and 120a through
1204 can supply the power supply voltage at a low resistance
without being restricted by the area of the array substrate 110
where the power supply lines 120 and 1204 through 1204 can
be located. Therefore, the OLED display devices 100 can
improve image quality without causing luminance gradient,
which would be caused by a high resistance of the power
supply lines, and also can realize a narrow frame area.

What is claimed is:

1. An OLED display device, comprising:

a first substrate including a plurality of control signal lines
and a plurality of data signal lines crossing each other,
and a plurality of pixels located in a matrix at intersec-
tions of the plurality of control signal lines and the
plurality of data signal lines; and

a second substrate facing the first substrate;

wherein:

the plurality of pixels each include:

a pixel circuit to which a data voltage supplied from the
corresponding data signal line is written in accor-
dance with a control signal supplied from the corre-
sponding control signal line; and

an OLED display element including a first electrode
supplied with a current from the pixel circuit in accor-
dance with the data voltage, and a second electrode
supplied with a power supply voltage; and

the first substrate and the second substrate each include a
plurality of power supply lines;
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the plurality of power supply lines of the first substrate and
the plurality of power supply lines of the second sub-
strate are respectively connected to each other via a
conductive member; and

each of the plurality of power supply lines is connected to
the second electrode of the OLED display element.

2. An OLED display device according to claim 1, wherein
the plurality of power supply lines of the second substrate are
located in an area which does not overlap a display area of the
first substrate where the plurality of pixels are located.

3. An OLED display device according to claim 1, wherein
the conductive member is located in an area which does not
overlap a display area of the first substrate where the plurality
of pixels are located, the conductive member being located as
connecting the first substrate and the second substrate to each
other.

4. An OLED display device according to claim 1, wherein
the conductive member is formed of a conductive resin or an
anisotropic conductive film.

5. An OLED display device according to claim 1, wherein
the second electrodes of the OLED display elements form one
common electrode provided in correspondence with the plu-
rality of pixels, and the common electrode is connected to the
plurality of power supply lines at a plurality of positions and
thus is provided with the power supply voltage.
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