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57 ABSTRACT

To provide an electro-optical apparatus having a power-
supply wiring structure that is capable of supplying a
sufficient electrical power to a common electrode of electro-
optical devices.

An electro-optical apparatus according to the present inven-
tion comprises electro-optical devices having a laminated
structure including first electrode layers formed on or above
a viewing area 11 of a substrate 15 and a second electrode
layer 14 formed on or above the first ¢lectrode layers, the
laminated structure further including first power lines for
supplying a voltage to the first electrode layers and second
power wiring 16 electrically connected to the second elec-
trode layer, wherein the first power lines and the second
power lines are arranged on or above the viewing area and
are arranged in the same layer as the first electrode layers or
below the first electrode layers.
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ELECTRO-OPTICAL APPARATUS, MATRIX
SUBSTRATE AND ELECTRONIC EQUIPMENT

BACKGROUND OF THE INVENTION
[0001] 1. Field of Invention

[0002] The present invention relates to the structure of
power-supply wiring suitable for an electro-optical appara-
tus having electro-optical devices.

[0003] 2. Description of Related Art

[0004] Organic electroluminescent (EL) devices, which
are current-driven spontaneous light-emitting devices, have
the advantages of requiring no backlight, low power con-
sumption, wide viewing angle, and high contrast, and thus
may be usable for flat-panel displays. Organic EL devices
are electro-optical devices in which a light-emitting layer
having a fluorescent material is interposed between an anode
and a cathode. Providing a forward-biased current between
both electrodes causes positive holes injected from the
anode and electrons injected from the cathode to recombine.
By the resultant recombination energy, the organic EL
device emits light. In other words, in order to cause light
emission in the organic EL device, it is necessary to supply
power from an external circuit. Related art active-matrix-
addressing-type organic EL display panels use such a struc-
ture, that is, a pixel electrode, as the anode, is disposed for
each pixel in a pixel area and a common electrode, as the
cathode, covers the entire pixel area. Japanese Unexamined
Patent Application Publication No. 11-24606, for example,
discloses a display device with reduced power consumption
and enhanced luminous efficiency by enhancing or optimiz-
ing the wiring layout.

SUMMARY OF THE INVENTION

[0005] The wiring resistance of the common electrode is
an issue in realizing a display panel using the electro-optical
devices. Specifically, a higher wiring resistance of the com-
mon electrode leads to an increased voltage drop in pixels in
the center of the screen, thereby failing to supply sufficient
current to the central part of the screen. As a consequence,
a gray-scale is not displayed accurately and display perfor-
mance decreases. This matter may become a serious prob-
lem in a larger display panel because the wiring resistance
of the common electrode becomes higher. Decreasing the
resistance of the common electrode is a problem to be solved
especially in a so-called top-emission structure, in which
light is emitted from the side of a transparent cathode, since
the related art does not include a material that has the same
level of low resistance as a metal layer and that is also
suitable for a light-transmitting electrode.

[0006] Accordingly, the present invention provides an
electro-optical apparatus and a matrix substrate having a
structure for power-supply wiring that is capable of provid-
ing a sufficient power to a common electrode of electro-
optical devices. Moreover, the present invention provides an
electro-optical apparatus and a matrix substrate that are
capable of reducing the width of a display panel frame.

[0007] An electro-optical apparatus according to the
present invention includes electro-optical devices having a
laminated structure including first electrode layers formed
on or above a viewing area of a substrate and a second
electrode layer formed on or above the first electrode layers.
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The laminated structure further includes first power lines to
supply a voltage to the first electrode layers, and second
power lines electrically connected to the second electrode
layer. The first power lines and the second power lines are
arranged on or above the viewing area and are arranged in
the same layer as the first electrode layers or below the first
electrode layers.

[0008] As described above, the second power lines elec-
trically connected to the second electrode layer are formed
in any layer of the laminated structures formed above the
viewing area of the substrate so that sufficient electric power
is supplied even if the second electrode layer show high
resistance. Furthermore, joints electrically connecting the
second electrode layer with the second power lines are
included within the laminated structures, thus reducing the
width of a display panel frame.

[0009] The term “the electro-optical devices” means gen-
eral electronic devices that change optical states of light by
electrical operations and include a self-luminous device,
such as an electroluminescent device and an electronic
device displaying a gray-scale by varying a state of deflec-
tion of light, such as a liquid crystal device. “The viewing
area” means an area in the substrate used for electro-optical
displays, i.e., an area in which the electro-optical devices are
formed and is equivalent to “a display area” of exemplary
embodiments in the present invention. “The laminated struc-
tures” mean laminated structures including various thin
films laminated on or above the substrate and include not
only device layers including the electro-optical devices but
also an insulating interlayer film, the electrode layers, the
power lines, and the like. Electronic devices, such as a
transistor, may lie between the first electrode layers and the
first power lines in the invention. The first power lines and
the second power lines may be formed in the same layer for
the sake of convenience in the manufacturing process or
may be formed in different layers.

[0010] In the electro-optical apparatus according to the
present invention, preferably, the first power lines and the
second power lines are disposed in the same layer at least
partially, thus simplifying the manufacturing process.

[0011] In the electro-optical apparatus according to the
present invention, preferably, the second electrode layer
functions as a cathode for the electro-optical devices. The
second electrode layer functioning as the cathode allows a
reduction in resistance of the cathode in the electro-optical
devices.

[0012] In the electro-optical apparatus according to the
present invention, preferably, the second power lines func-
tion as auxiliary cathode lines. Thereby, a sufficient electri-
cal power is supplied to the cathode in the electro-optical
devices.

[0013] In the electro-optical apparatus according to the
present invention, preferably, the second electrode layer has
light transmission. Thereby, a top-emission structure in
which light is emitted through the second electrode layer is
achieved, thus increasing an aperture ratio.

[0014] In the electro-optical apparatus according to the
present invention, preferably, the second power lines are
formed linearly in any one of layers of the laminated
structure at a predetermined density. Distributing the second
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power lines at the predetermined density allows a reduction
in resistance of the second electrode layer.

[0015] In the electro-optical apparatus according to the
present invention, preferably, the second power lines and the
second electrode layer are formed in different layers of the
laminated structure and are electrically connected to each
other within the laminated structure. Positions where the
second power lines are electrically connected to the second
electrode layer are disposed within the laminated structures,
thus reducing the width of a display panel frame.

[0016] In the electro-optical apparatus according to the
present invention, preferably, positions where the second
power lines are electrically connected to the second elec-
trode layer are disposed along the direction in which the
second power lines extend at multiple positions. The second
power lines and the second electrode layer are electrically
connected at the multiple positions so that a reduction in
resistance of the second electrode layer is achieved.

[0017] In the electro-optical apparatus according to the
present invention, preferably, the second power lines and the
second electrode layer are formed in different layers with an
insulating interlayer film disposed therebetween and are
electrically connected to each other through contact holes
formed in the insulating interlayer film. The second power
lines and the second electrode layer are formed in different
layers of the laminated structure so that manufacturing
processes thereof are separated.

[0018] In the electro-optical apparatus according to the
present invention, preferably, the electro-optical devices are
arranged in two substantially orthogonal directions, and the
second power lines are arranged in a direction substantially
along the direction in which either direction of the two
orthogonal directions in which the electro-optical devices
are arranged. The direction of arranging the second power
lines is along the direction in which the direction of arrang-
ing the electro-optical devices so that sufficient electrical
power is supplied to the second electrode layer of the
electro-optical devices arranged in the two orthogonal direc-
tions.

[0019] In the electro-optical apparatus according to the
present invention, preferably, the second power lines are
disposed at substantially equal pitch. The second power lines
are equally spaced so that electrical power is uniformly
supplied to each of the electro-optical devices disposed in
the two orthogonal directions.

[0020] In the electro-optical apparatus according to the
present invention, preferably, the electro-optical devices are
electroluminescent devices. The electroluminescent device
is used so that a luminance gray-scale is adjusted by a
driving current.

[0021] An electronic unit according to the present inven-
tion includes the above-described electro-optical apparatus.
The electronic unit may be of any type as long as it includes
a display apparatus. The electronic unit may be a mobile
phone, a video camera, a personal computer, a head-
mounted display, a projector, a facsimile machine, a digital
camera, a mobile television, a DSP apparatus, a PDA, or an
electronic notepad, for example.

[0022] A matrix substrate according to the present inven-
tion forms electro-optical devices having a laminated struc-
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ture that includes first electrode layers and a second elec-
trode layer. The matrix substrate includes a substrate, the
first electrode layers formed on or above the substrate; first
power lines to supply a voltage to the first electrode layers;
and second power lines electrically connected to the second
electrode layer to be formed on or above the first electrode
layers. Both of the first power lines and the second power
lines are arranged on or above the viewing area and are
arranged in the same layer as the first electrode layers or
below the first electrode layers.

[0023] As described above, the second power lines are
electrically connected to the second electrode layer in either
layer of the laminated structure of the electro-optical devices
to be laminated on or above the viewing area of the substrate
so that sufficient electric current is supplied to each of the
electro-optical devices even if the second electrode layer
shows high resistance. Furthermore, positions where the
second power lines are electrically connected to the second
electrode layer are disposed within the laminated structures,
thus reducing the width of a display panel frame. The term
“matrix substrate”, as used in here, means a wiring substrate
in which the electro-optical devices have not been formed.

[0024] In the matrix substrate according to the present
invention, preferably, the first power lines and the second
power lines are disposed in the same layer at least partially,
thus simplifying the manufacturing process.

[0025] In the matrix substrate according to the present
invention, preferably, the second electrode layer functions as
a cathode for the electro-optical devices, thus reducing
resistance of the cathode of the electro-optical devices.

[0026] In the matrix substrate according to the present
invention, preferably, the second power lines function as
auxiliary cathode wiring, thereby supplying sufficient elec-
trical power to the cathode of the electro-optical devices.

[0027] In the matrix substrate according to the present
invention, preferably, the second electrode layer has light
transmission.

[0028] Thereby, a top-emission structure in which light is
emitted from the second electrode layer is achieved, thus
raising an aperture ratio.

[0029] In the matrix substrate according to the present
invention, preferably, the second power lines are formed
linearly in any one of layers of the laminated structure at a
predetermined density. Distributing the second power lines
at the predetermined density allows a reduction in resistance
of the second electrode layer.

[0030] In the matrix substrate according to the present
invention, preferably, the second power lines and the second
electrode layer are formed in different layers of the lami-
nated structure and are electrically connected to each other
within the laminated structure. Positions where the second
power lines are electrically connected to the second elec-
trode layer are disposed within the laminated structures, thus
reducing the width of a display panel frame.

[0031] In the matrix substrate according to the present
invention, preferably, the second power lines are electrically
connected to the second electrode layer are disposed along
the direction in which the second power lines extend at
multiple positions.

BOE

EX1004 Page 12



US 2004/0115989 A1l

[0032] The second power lines and the second electrode
layer are electrically connected at the multiple positions so
that a reduction in resistance of the second electrode layer is
achieved.

[0033] In the matrix substrate according to the present
invention, preferably, the second power lines and the second
electrode layer are formed in different layers with an insu-
lating interlayer film disposed therebetween, and the second
power lines and the second electrode layer are electrically
connected to each other through contact holes formed in the
insulating interlayer film. The second power lines and the
second electrode layer are formed in different layers of the
laminated structure so that manufacturing processes thereof
are separated.

[0034] In the matrix substrate according to the present
invention, preferably, the electro-optical devices are
arranged in two substantially orthogonal directions, and the
second power lines are arranged in a direction substantially
along the direction in which either direction of the two
orthogonal directions in which the electro-optical devices
are arranged. The direction of arranging the second power
lines is along the direction in which the direction of arrang-
ing the electro-optical devices so that sufficient electrical
power is supplied to the second electrode layer of the
electro-optical devices arranged in the two orthogonal direc-
tions.

[0035] In the matrix substrate according to the present
invention, preferably, the second power lines are disposed at
substantially equal pitch. The second power lines are equally
spaced so that electrical power is uniformly supplied to each
of the electro-optical devices disposed in the two orthogonal
directions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a schematic of an organic EL display
panel of the present invention;

[0037] FIG. 2 is a schematic of a main pixel circuit;

[0038] FIG. 3 is a schematic that shows a layout of wiring
of the first exemplary embodiment of the present invention;
[0039] FIG. 4 is a cross-sectional view taken along plane
A-A' of FIG. 3;

[0040] FIG. 5 is a schematic that shows a layout of wiring
of the second exemplary embodiment of the present inven-
tion;

[0041] FIG. 6 is a cross-sectional view taken along plane
B-B' of FIG. 5;

[0042] FIG. 7 is a schematic that shows a layout of wiring
of the third exemplary embodiment of the present invention;

[0043] FIG. 8 is a cross-sectional view taken along plane
C-C' of FIG. 7,

[0044] FIG. 9 is a cross-sectional view taken along plane
D-D' of FIG. 7;

[0045] FIGS. 10A-10F are schematics that show exem-
plary applications of the organic EL display panel of the
present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS
[First Exemplary Embodiment]

[0046] The exemplary embodiment is illustrated below
with reference to the drawings.
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[0047] FIG. 1 is a schematic of an active-matrix-type
organic EL display panel 100 of the exemplary embodiment.
As illustrated in FIG. 1, a plurality of pixels 10, a scanning
line driver 12, and a data line driver 13 are disposed on or
above a substrate 15. The plurality of pixels 10 have
laminated structures disposed on a display area 11. The
scanning line driver 12 outputs scanning signals to scanning
lines, which are disposed in a row direction and connected
to a group of the pixels 10. The data line driver 13 supplies
data signals and power supply voltages to data lines and
power supply lines, respectively. The data lines and the
power supply lines are disposed in a column direction and
connected to a group of the pixels 10. The pixels 10 form an
N-row, M-column pixel matrix, in which the row direction
and the column direction are disposed orthogonally and
form a pixel matrix. Each of the pixels 10 includes an
organic EL device emitting light with red, green, and blue
(RGB), the three primary colors. The entire surface of the
laminated structure disposed on the display area 11 is
covered with a film of a cathode 14 which serves as a
common electrode. The cathode 14 is preferably made of a
material that is capable of injecting as many electrons as
possible, i.e., a material having a low work function. Pref-
erably, such a conductive material is a thin metal film made
of calcium, lithium, or aluminum.

[0048] The organic EL display panel 100 has a bottom-
emission structure that emits light through the substrate 15.
However, the present invention is not limited to this struc-
ture. The organic EL display panel 100 may have a so-called
top-emission structure that emits light through the cathode
14 if the cathode 14 is a light-transmitting conductive film.
In the organic EL display panel 100 having the top-emission
structure, the cathode 14 may be formed of a semitranspar-
ent conductive metal layer obtained by processing a thin
metal film such as a calcium, lithium, or aluminum film to
be thin so as to be able to transmit a light, in addition to a
light-transmitting conductive material such as an indium tin
oxide (ITO). Such a semitransparent conductive metal layer
allows the cathode 14 to have low resistance.

[0049] FIG. 2 shows a main circuit of one of the pixels 10.
The pixel 10 includes a switching transistor Trl, a driving
transistor Tr2, a storage capacitor C, and a light-emitting
section OLED. The two transistors control the driving of the
pixel 10. The switching transistor Trl is an n-channel FET,
in which the gate terminal is connected to a scanning line
V_, and the drain terminal is connected to a data line I4,,. The
driving transistor Tr2 is a p-channel FET, in which the gate
terminal is connected to the source terminal of the switching
transistor Trl. In the driving transistor Tr2, the source
terminal is connected to a power supply line V4, and the
drain terminal is connected to the light-emitting section
OLED. The storage capacitor C is provided between the gate
terminal and the source terminal of the driving transistor
Tr2. In the above-described arrangement, when a selection
signal is output to the scanning line V_; and when the
switching transistor Trl is opened, a data signal supplied
over the data line I, is written in the storage capacitor C as
a voltage. The written voltage in the storage capacitor C is
then stored during one frame period, changing a conduc-
tance of the driving transistor Tr2 in an analog fashion and
providing a forward-biased current corresponding to a lumi-
nance gray-scale to the light-emitting section OLED.
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[0050] FIG. 3 illustrates the wiring layout in a pixel area.
In order to decrease resistance of the cathode 14, in the
present invention, fine auxiliary cathode wiring 16 is formed
in a layer different from the wide cathode 14 covering the
upper surface of the laminated structure laminated on the
display area 11. The cathode 14 is electrically connected to
the auxiliary cathode wiring 16 with an insulating interlayer
film disposed therebetween. The auxiliary cathode wiring 16
may be formed in any layer. However, in view of a display
manufacturing process, the auxiliary cathode wiring 16 is
preferably formed in the same layer as metal wiring, such as
the scanning lines V,; in the same manufacturing process,
thus simplifying the overall process and allowing low manu-
facturing cost. The auxiliary cathode wiring 16 that are
formed in the same process as the scanning lines V., may be
called a gate metal layer. The auxiliary cathode wiring 16 is
preferably positioned on dead spaces of the pixels 10. Since
the dead spaces vary according to the layout of the pixels 10,
the auxiliary cathode wiring 16 should be disposed at the
most suitable position in consideration of the positions of the
data lines I,,,, the scanning lines V., power supply lines
V44 the switching transistors Trl or the like. In the case of
overlapping the auxiliary cathode wiring 16 with the data
lines 1,,,, a parasitic capacitance may be produced between
the data lines I, and the auxiliary cathode wiring 16,
resulting in insufficient data writing to the storage capacitor
C. Therefore, the positional relationship with the data lines
I,,; should be considered when forming the auxiliary cath-
ode wiring 16.

[0051] In this exemplary embodiment, one auxiliary cath-
ode wiring 16 and a pair of the scanning lines V, are laid
out alternately in the row direction. In other words, N/2
auxiliary cathode wiring 16 are disposed in such a way that
one auxiliary cathode wiring 16 appears every other row.
The scanning lines V., and the auxiliary cathode wiring 16
are produced by simultaneously patterning the metal wiring
in the same layer, respectively. The width of one auxiliary
cathode wiring 16 is adjusted so as to substantially be equal
to the sum of the widths of the pair of the scanning lines V.
One data line I, and one power supply line V ;, are disposed
in every column in the column direction, respectively. The
pattern of wiring shown in FIG. 3 illustrates a periodically
repeating unit which is applied to all of the pixels 10 in a
laminated structure. The layout of wiring in this exemplary
embodiment is symmetrical about any line, and the pitches
of the pixels in the row direction and column direction are
determined uniformly. Each of the switching transistors Trl
resides at the intersection of the data line I, and the
scanning line V ;. The gate terminal of each of the driving
transistors Tr2 is oriented in the direction in which the
source terminal of the switching transistor Trl extends. The
drain terminal of the driving transistor Tr2 is connected to
each of pixel electrodes 17 through a contact hole hl. The
storage capacitors C are formed in the longitudinal direction
of the pixel electrode 17 above the power supply lines V4.

[0052] FIG. 4 is a cross-sectional view taken along plane
A-A' of FIG. 3. Referring to FIG. 4, a laminated structure
30 in which the auxiliary cathode wiring 16, an insulating
interlayer film 21, source metal layers 22, a planarizing film
20, ITO layers 18, and a bank layer 19 are sequentially
laminated is formed in the display area 11 on the substrate
15. The upper surface of the laminated structure 30 is
covered with the cathode 14. The insulating interlayer film
21 is a insulating film to electrically separate the data lines
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I, and the scanning lines V,, from the auxiliary cathode
wiring 16. The islanded source metal layers 22 which are
patterned in the same process as the data lines I, and the
scanning lines V_, are formed on the insulating interlayer
film 21. The source metal layers 22 are connected to the
auxiliary cathode wiring 16 through contact holes hS formed
in the insulating interlayer film 21. The planarized insulating
film 20 is formed on the insulating interlayer film 21. The
islanded ITO layers 18 are formed by patterning on the
planarizing film 20. The ITO layers 18 are connected to the
source metal layers 22 through contact holes h3 formed in
the planarizing film 20. The contact holes h3 are formed at
multiple positions along the direction in which the auxiliary
cathode wiring 16 extends. Preparing many joints connect-
ing the ITO layer 18 and the source metal layer 22 allows a
reduction in the electrical resistance.

[0053] On the other hand, the upper surface of the pla-
narizing film 20 is covered with the bank layer 19, which is
made of a photosensitive organic material or the like. The
bank layer 19 is a component to partition the pixels 10. Oval
openings h2 are opened by a precise alignment so as to
position on the pixel electrodes 17 (see FIG. 3). On portions
where the surfaces of the pixel electrodes 17 are exposed
through the openings h2, positive-hole transporting layers
and light-emitting layers are formed sequentially from the
lower layer adjacent to the substrate. Additionally, the
cathode 14 as a common electrode is formed so as to cover
the upper surface of the laminated structure 30 disposed on
the display area 11. In this way, light-emitting sections
OLED are formed, which include the cathode, the light-
emitting layer, the positive-hole transporting layer, and one
pixel electrode.

[0054] The laminated structure of the device layer consti-
tuting the light-emitting section OLED is not limited to the
above-described configuration. Other examples of the lami-
nated structure include: a cathode, a light-emitting layer, and
a pixel electrode; a cathode, an electron transporting layer,
a light-emitting layer, and a pixel electrode; a cathode, an
electron transporting layer, a light-emitting layer, a positive-
hole transporting layer, and a pixel electrode, for example.
In fact, a positive-hole transporting layer and an electron
transporting layer are necessarily required and these layers
may be added freely. The positive-hole transporting layer
may be a triphenylamine derivative (TPD), a hydrazine
derivative, or an arylamine derivative. The electron trans-
porting layer may be an aluminum-quinolinol complex
(Algy), a distyrylbiphenyl derivative (DPVBI), an oxadiaz-
ole derivative, a bistyrylanthracene derivative, a benzoxazo-
lethiophene derivative, perylenes, or thiazoles. The light-
emitting layer is not limited to an organic material and may
be made of an inorganic material.

[0055] In the surface of the bank layer 19, openings h4,
which are aligned precisely at multiple positions communi-
cating to the I'TO layers 18, are disposed in the direction in
which the auxiliary cathode wiring 16 extends at multiple
positions. The cathode 14 covering the bank layer 19 is
connected to the I'TO layers 18 through the contact holes h4
and is also connected to the auxiliary cathode wiring 16
through the source metal layers 22. In this way, the auxiliary
cathode wiring 16 formed in the laminated structure 30 is
connected to the cathode 14 so that the electrical resistance
decreases and thus sufficient current is supplied to each of
the pixels 10.
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[0056] This exemplary embodiment allows a reduction in
the resistance of the cathode 14 and in luminance non-
uniformity resulting from non-uniformity of the currents
supplied to the pixels 10. Contact areas for the cathode 14
with the cathode power supply lines lie in a frame of the
display panel in known panels. According to this exemplary
embodiment, such contact is ensured by the laminated
structure 30, thus reducing the width of the frame and
resulting in a display panel with smaller dead space. Since
the bank layer, which is made of the organic material, has
low resistance to heat and chemicals, it is difficult to form
the auxiliary cathode wiring 16 on the bank layer, but it is
easy to form metal wiring such as the auxiliary cathode
wiring 16 on the substrate 15 provided with the FET or the
like.

[0057] Although one auxiliary cathode wiring 16 is dis-
posed every two rows in this exemplary embodiment, it is
not limited thereto and the auxiliary cathode wiring 16 may
be disposed at any suitable density such as one line every n
rows (n is an integer more than two). The position of the
auxiliary cathode wiring 16 is not limited to on the substrate
15. For example, it may be in any layer of the laminated
structure 30.

[0058] [Second Exemplary Embodiment]

[0059] FIG. 5 shows the layout of wiring in an organic EL.
display panel 100 according to a second exemplary embodi-
ment of the present invention. This exemplary embodiment
differs from the first exemplary embodiment on the point of
that auxiliary cathode wiring 16 is disposed in the column
direction. Referring to FIG. 5, where one pixel includes
three RGB picture elements, three auxiliary cathode wiring
16 are spaced uniformly every two pixels in the column
direction. Two data lines I, are disposed at two sides of
each auxiliary cathode wiring 16. Between adjacent auxil-
iary cathode wiring 16, two power supply lines V,, are
formed as a pair. The sum of the widths of the one auxiliary
cathode wiring 16 and the two data lines I,,, is substantially
equal to the sum of the widths of the pair of power supply
lines V44. Thereby, the layout of the wiring shown in this
figure is arranged so as to have symmetry about any column.
On the other hand, in the row direction, one of scanning lines
V.., is disposed in each row. Each of switching transistors
Trl resides at the intersection of the scanning line V,; and
one data line I,,,. The gate terminal of each of driving
transistors Tr2 is oriented in the direction in which the
source terminal of the switching transistor Trl extends. The
drain terminal of the driving transistor Tr2 is connected to
each of pixel electrodes 17 through each of contact holes h1.
The storage capacitors C are formed in the longitudinal
direction of the pixel electrode 17 above the power supply
lines V4.

[0060] FIG. 6 is a cross-sectional view taken along plane
B-B' of FIG. 5. Referring to FIG. 6, a laminated structure
30 in which the scanning lines V_,, an insulating interlayer
film 21, the auxiliary cathode wiring 16, a planarizing film
20, ITO layers 18, and a bank layer 19 are sequentially
laminated, is formed in the display area 11 on the substrate
15. The upper surface of the laminated structure 30 is
covered with the film of the cathode 14. The insulating
interlayer film 21 is a film to electrically separate the
scanning lines V; from the auxiliary cathode wiring 16. The
linear auxiliary cathode wiring 16 is formed on the insulat-
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ing interlayer film 21. The ITO layers 18 are islanded by
patterning in the direction in which the auxiliary cathode
wiring 16 extends at multiple positions and are disposed on
the planarizing film 20, which covers the auxiliary cathode
wiring 16. Contact holes h3 are formed in the planarizing
film 20 so that the ITO layers 18 are connected to the
auxiliary cathode wiring 16 through the contact holes h3.
The upper surface of the planarizing film 20 is covered with
the bank layer 19, which is made of a photosensitive organic
material or the like. Oval openings h2 are formed on the
pixel electrodes 17 by a precise alignment (see FIG. 5). Like
the first exemplary embodiment, light-emitting sections
OLED are formed in the openings h2.

[0061] On the surface of the bank layer 19, openings h4,
which are aligned precisely at multiple positions communi-
cating to the I'TO layers 18, are disposed in the direction in
which the auxiliary cathode wiring 16 extends. The cathode
14 covering the bank layer 19 is connected to the ITO layers
18 through the contact holes h4 and is also connected to the
auxiliary cathode wiring 16. In this way, a plurality of the
linear auxiliary cathode wiring 16 formed along the column
direction of the pixels 10 are electrically connected to the
cathode 14 so that the sufficient current is supplied to each
of the pixels 10.

[0062] This exemplary embodiment allows, like the first
exemplary embodiment, a reduction in the resistance of the
cathode 14 and in the luminance non-uniformity resulting
from non-uniformity of the currents supplied to the pixels
10. Additionally, contact of the auxiliary cathode wiring 16
with cathode 14 is ensured within the laminated structure 30,
thus reducing the width of the frame and resulting in a
display panel with smaller dead space. Although one aux-
iliary cathode wiring 16 is disposed every two columns in
this exemplary embodiment, it is not limited thereto and the
auxiliary cathode wiring 16 may be disposed at a suitable
density, such as one line every n rows (n is an integer more
than two).

[0063] [Third Exemplary Embodiment]

[0064] FIG. 7 shows the layout of wiring in an organic EL.
display panel 100 according to a third exemplary embodi-
ment of the present invention. This exemplary embodiment
differs from the first and second exemplary embodiments on
the point of that auxiliary cathode wiring 16 are disposed in
both the row and the column directions. For the sake of
distinguishing between the auxiliary cathode wiring 16
which are disposed in both the row and the column direc-
tions, the auxiliary cathode wiring 16 disposed along the row
direction are called first auxiliary cathode wiring 16-1, while
the auxiliary cathode wiring 16 disposed along the column
direction are called second auxiliary cathode wiring 16-2.
When the “auxiliary cathode wiring 16” is simply used, it
includes both. Referring to FIG. 7, where one pixel consist
of three RGB picture elements, three second auxiliary cath-
ode wiring 16-2 are spaced uniformly every two pixels in the
column direction. Two data lines I,,, are disposed at two
sides of each of the second auxiliary cathode wiring 16-2.
Between adjacent second auxiliary cathode wiring 16-2, two
power supply lines V4, are formed as a pair. The sum of the
widths of one second auxiliary cathode wiring 16-2 and the
two data lines I, is substantially equal to the sum of the
widths of the two power supply lines V,,. Therefore, the
layout of the wiring shown in this figure is arranged so as to
have symmetry about any column.
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[0065] On the other hand, a pair of scanning lines V; and
one first auxiliary cathode wiring 16-1 are laid out alter-
nately in the row direction. The scanning lines V,, and the
first auxiliary cathode wiring 16-1 are produced by simul-
taneously patterning the metal wiring in the same layer,
respectively. The width of one first auxiliary cathode wiring
16-1 is adjusted so as to be substantially equal the sum of the
widths of the two scanning lines V.. Therefore, the layout
of the wiring shown in this figure is arranged so as to have
symmetry about any row and column.

[0066] Each of switching transistors Trl resides at each
intersection of the scanning lines V, and the data lines I,,,.
The gate terminal of each of driving transistors Tr2 is
positioned in the direction in which the source terminal of
the switching transistor Trl extends. The drain terminal of
the driving transistor Tr2 is connected to each of pixel
electrodes 17 through each of contact holes hl. Above the
power supply lines V,, storage capacitors C are formed
parallel to the longitudinal direction of the pixel electrode
17.

[0067] FIG. 8 is a cross-sectional view taken along plane
C-C' of FIG. 7. Referring to FIG. 8, a laminated structure
30 in which the first auxiliary cathode wiring 16-1, insulat-
ing interlayer film 21, a planarizing film 20, source metal
layers 22, ITO layers 18, and a bank layer 19 are sequentially
laminated, is formed on the display area 11 and on the
substrate 15. The upper surface of the laminated structure 30
is covered with the film of a cathode 14. The insulating
interlayer film 21 is a film to electrically separate the data
lines I,,, and the power supply lines V,, from the first
auxiliary cathode wiring 16-1. In the same layer as the data
lines I,,, and the power supply lines V4, the second auxil-
iary cathode wiring 16-2 are disposed in the direction
orthogonal to the first auxiliary cathode wiring 16-1. The
first auxiliary cathode wiring 16-1 and the second auxiliary
cathode wiring 16-2 are electrically connected through con-
tact holes h6é formed in the insulating interlayer film 21.

[0068] On the insulating interlayer film films 21, the
islanded source metal layers 22 are formed at multiple
positions in the same layer as the second auxiliary cathode
wiring 16-2 in the direction in which the first auxiliary
cathode wiring 16-1 extends.

[0069] The source metal layers 22 are connected to the
first auxiliary cathode wiring 16-1 through contact holes h5
formed in the insulating interlayer film 21. On the planariz-
ing films 20, the islanded ITO layers 18 are disposed in a
direction in which the first auxiliary cathode wiring 16-1
extend at multiple positions and are connected to the source
metal layers 22 through contact holes h3. The bank layer 19,
which is made of a photosensitive organic material or the
like is formed on the planarizing films 20. Oval openings h2
are positioned on the pixel electrode 17 by a precise align-
ment (see FIG. 7). Like the first exemplary embodiment,
light-emitting sections OLED are formed in the openings h2.
In the surface of the bank layers 19, contact holes h4, which
are aligned precisely at multiple positions communicating to
the ITO layers 18, are disposed in the direction in which the
second auxiliary cathode wiring 16-2 extend. The cathode
14 formed on the bank layers 19 is connected to the auxiliary
cathode wiring 16 in the laminated structure 30 so that the
electrical resistance decreases and thus sufficient current is
supplied to each of the pixels 10.
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[0070] FIG. 9 is a cross-sectional view taken along plane
D-D' of FIG. 7. Referring to FIG. 9, the laminated structure
30 in which the first auxiliary cathode wiring 16-1, the
scanning lines V_, the insulating interlayer film 21, the
second auxiliary cathode wiring 16-2, the planarizing film
20, the I'TO layers 18, and the bank layers 19 are sequentially
laminated, is formed on the substrate 15. The first auxiliary
cathode wiring 16-1 and the second auxiliary cathode wiring
16-2 are orthogonally disposed with sandwiching the insu-
lating interlayer film 21 therebetween and are connected to
each other through contact holes hé formed in the insulating
interlayer film 21. The islanded ITO layers 18 are disposed
on the planarizing films 20, which are laminated on the
second auxiliary cathode wiring 16-2, in the direction in
which the second auxiliary cathode wiring 16-2 extends. The
ITO layers 18 are connected to the second auxiliary cathode
wiring 16-2 through the contact holes h3 formed in the
planarizing films 20. The contact holes h4 are formed in the
bank layer 19 at multiple positions in the direction in which
the second auxiliary cathode wiring 16-2 extends, thereby
connecting the cathode 14 with the ITO layers 18. In this
way, the cathode 14 is connected to the auxiliary cathode
wiring 16, which are formed by orthogonal lines, in the
laminated structure 30 so that the resistance of the cathode
14 is greatly reduced and thus sufficient electrical power is
supplied to each of the pixels 10. Therefore, the luminance
non-uniformity resulting from non-uniformity of the cur-
rents supplied to the pixels 10 is reduced, achieving
enhanced or excellent display performance. Additionally,
contact of the auxiliary cathode wiring 16 with the cathode
14 is ensured within the laminated structure 30, thus reduc-
ing the width of the frame and resulting in a display panel
with smaller dead space.

[0071] [Fourth Exemplary Embodiment]

[0072] FIGS. 10A-10F show examples of electronic units
to which the electro-optical apparatus of the present inven-
tion is applicable. FIG. 10A shows an application to a
mobile phone. A mobile phone 230 includes an antenna 231,
a sound-output section 232, a sound-input section 233, an
operating section 234, and the organic EL display panel 100
of the present invention. The organic EL display panel 100
is usable as a display of the mobile phone 230. FIG. 10B
shows an application to a video camera. A video camera 240
includes a picture-receiving section 241, an operating sec-
tion 242, a sound-input section 243, and the organic EL
display panel 100 of the present invention. The organic EL
display panel 100 is usable as a viewfinder or a display. FIG.
10C shows an application to a mobile personal computer. A
computer 250 includes a camera 251, an operating section
252, and the organic EL display panel 100 of the present
invention. The organic EL display panel 100 of the present
invention is usable as a display apparatus.

[0073] FIG. 10D shows an application to a head-mounted
display. A head-mounted display 260 includes a band 261,
an optical device holder 262, and the organic EL display
panel 100 of the present invention. The organic EL display
panel 100 is usable as a source of displaying images. FIG.
10E shows an application to a rear-type projector. A pro-
jector 270 includes a case 271, a light source 272, a
combining optical system 273, a mirror 274, a mirror 275,
a screen 276, and the organic EL display panel 100 of the
present invention. FIG. 10F shows an application to a
front-type projector. A projector 280 includes a case 282, an
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optical system 281, and the organic EL display panel 100 of
the present invention. Images can be displayed on a screen
283. Thus, the organic EL display panel 100 of the present
invention is usable as a source of displaying images.

1. An electro-optical apparatus comprising electro-optical
devices having a laminated structure including first electrode
layers formed on or above a viewing area of a substrate and
a second electrode layer formed on or above the first
electrode layers, the laminated structure further including:

first power lines for supplying a voltage to the first
electrode layers and second power lines electrically
connected to the second electrode layer,

wherein the first power lines and the second power lines
are arranged on or above the viewing area and are
arranged in the same layer as the first electrode layers
or below the first electrode layers.

2. The electro-optical apparatus according to claim 1 or 2,
wherein the first power lines and the second power lines are
disposed in the same layer at least partially.

3. The electro-optical apparatus according to claim 2,
wherein the second electrode layer functions as a cathode for
the electro-optical devices.

4. The electro-optical apparatus according to claim 3,
wherein the second power lines function as auxiliary cath-
ode lines.

5. The electro-optical apparatus according to any one of
claims 1 to 4, wherein the second electrode layer has light
transmission.

6. The electro-optical apparatus according to any one of
claims 1 to 5, wherein the second power lines are formed
linearly in any one of layers of the laminated structure at a
predetermined density.

7. The electro-optical apparatus according to any one of
claims 1 to 6, wherein the second power lines and the second
electrode layer are formed in different layers of the lami-
nated structure and are electrically connected to each other
within the laminated structure.

8. The electro-optical apparatus according to claim 7,
wherein positions where the second power lines are electri-
cally connected to the second electrode layer are disposed
along the direction in which the second power lines extend
at multiple positions.

9. The electro-optical apparatus according to claim 7 or
claim 8, wherein the second power lines and the second
electrode layer are formed in different layers with an insu-
lating interlayer film disposed therebetween and are electri-
cally connected to each other through contact holes formed
in the insulating interlayer film.

10. The electro-optical apparatus according to any one of
claims 1 to 9, wherein the electro-optical devices are
arranged in two substantially orthogonal directions, and

the second power lines are arranged in a direction sub-
stantially parallel to either direction of the two orthogo-
nal directions in which the electro-optical devices are
arranged.

11. The electro-optical apparatus according to claim 10,
wherein the second power lines are disposed at substantially
equal pitch.

12. The electro-optical apparatus according to any one of
claims 1 to 11, wherein the electro-optical devices are
electroluminescent devices.
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13. An electronic unit having the electro-optical apparatus
according to any one of claims 1 to 12.

14. A matrix substrate for forming electro-optical devices
having a laminated structure comprising first electrode lay-
ers and a second electrode layer, the matrix substrate further
comprising:

the first electrode layers formed on or above a substrate;

first power lines supplying a voltage to the first electrode
layers; and

second power lines electrically connected to the second
electrode layer to be formed on or above the first
electrode layers,

wherein both of the first power lines and the second power
lines are arranged on or above the viewing area and are
arranged in the same layer as the first electrode layers
or below the first electrode layers.

15. The matrix substrate according to claim 14, wherein
the first power lines and the second power lines are disposed
in the same layer at least partially.

16. The matrix substrate according to claim 14 or claim
15, wherein the second electrode layer functions as a cath-
ode for the electro-optical devices.

17. The matrix substrate according to claim 16, wherein
the second power lines function as auxiliary cathode wiring.

18. The matrix substrate according to any one of claims 14
to 17, wherein the second electrode layer has light trans-
mission.

19. The matrix substrate according to any one of claims 14
to 18, wherein the second power lines are formed linearly in
any one of layers of the laminated structure at a predeter-
mined density.

20. The matrix substrate according to any one of claims 14
to 19, wherein the second power lines and the second
electrode layer are formed in different layers of the lami-
nated structure and are electrically connected to each other
within the laminated structure.

21. The matrix substrate according to claim 20, wherein
positions where the second power lines are electrically
connected to the second electrode layer are disposed along
the direction in which the second power lines extend at
multiple positions.

22. The matrix substrate according to either claim 20 or
claim 21, wherein the second power lines and the second
electrode layer are formed in different layers with an insu-
lating interlayer film disposed therebetween, and the second
power lines and the second electrode layer are electrically
connected to each other through contact holes formed in the
insulating interlayer film.

23. The matrix substrate according to any one of claims 14
to 22, wherein the electro-optical devices are arranged in
two substantially orthogonal directions, and

the second power lines are arranged in a direction sub-
stantially along the direction in which either direction
of the two orthogonal directions in which the electro-
optical devices are arranged.
24. The matrix substrate according to claim 23, wherein
the second power lines are disposed at substantially equal
pitch.
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