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ORGANIC EL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to an organic EL
display device provided with organic EL (electrolumines-
cence) elements as the display elements.

BACKGROUND OF THE INVENTION

[0002] An organic EL element is a self-luminescent ele-
ment having a structure in which at least one organic light
emitting layer is placed between a cathode and an anode,
characterized in that it can be driven with a direct current of
about 3 V and that it is possible to fabricate elements of a
variety of light emitting colors. Because an organic EL
element has many advantages as a display element, such as
the fact that it has a faster response and a wider viewing
angle than a liquid crystal display element, its commercial-
ization is considered for diverse kinds of uses, including its
use as a pixel or the light source of a display device.

[0003] An organic EL panel provided with such organic
EL elements as the display elements is formed, for example,
as follows.

[0004] First, on a transparent glass substrate a transparent
conductive thin film for an anode is formed. Next, by
performing photolithography and etching the thin film, an
anode of an organic EL element (formed with a pattern
corresponding to a plural number of light emitting sections),
an anode terminal, a cathode terminal, and wiring between
the anode and the terminal are simultaneously patterned.

[0005] Next, leaving out the light emitting sections of the
anode and the terminal section, the glass substrate surface of
the other parts is covered with an insulation layer. Then, in
the display area (area including all of the light emitting
sections and excluding the terminal section) of the glass
substrate surface, a hole injection layer and an organic light
emitting layer are formed.

[0006] Subsequently, a cathode made of metallic thin film
is formed on the entire surface of the display area of this
glass substrate surface. The cathode is formed with the plane
adjusted to the display area and a pattern having a projection
that protrudes from the plane to the outside of the display
area, so that the projection is in contact with the cathode
terminal.

[0007] Thus, in a conventional organic EL panel, only one
cathode Terminal formed on the entire surface of the display
area 1s formed on the substrate surface. Therefore, because
an organic EL panel with a relatively large display area also
has a large cathode area, a voltage difference is created
between a position close to the terminal and another position
far from the terminal inside the cathode surface. Namely, a
voltage drop easily occurs inside the cathode.

[0008] As a result, the amount of electric current given to
the organic EL element inside the display area easily
becomes uneven.

[0009] Therefore, there is room for improvement relating
to the uniformity of luminosity within the display area of
large, conventional, organic EL. elements.

[0010] The present invention was made considering the
problems associated with the prior art technology, and has
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the objective of providing an organic EL element in which
there is excellent uniformity of luminosity even if the
display area is relatively large.

SUMMARY OF THE INVENTION

[0011] 1In order to solve the problem as described above,
the present invention provides an organic EL display device
where a layered structure having an organic light emitting
layer between electrode layers formed on a substrate, a first
electrode layer which is one of the electrode layers is formed
in a pattern corresponding to a plurality of light emitting
sections, a second electrode layer which is another electrode
layer is placed on the entire display area, and the first
terminal connected to the first electrode layer and the second
terminal connected to the second electrode layer are formed
outside of the display area on the substrate, and the present
invention provides an organic EL display characterized in
that a plurality of second terminals are formed on the
substrate and the second electrode layer is connected to a
plural number of second terminals. This is called a first
organic EL display of the present invention.

[0012] According to the first organic EL display device of
the present invention, because the second electrode layer is
connected to a pluralilty of second terminals, compared to
cases where it is connected to one second terminal, it is
difficult for a voltage drop to occur inside the second
electrode layer. Thus, the amount of current provided to the
organic EL elements is easily made uniform inside the
surface of the display area.

[0013] The present invention further provides an organic
EL display device where a layered structure having an
organic light emitting layer between electrode layers is
formed on a substrate, a first electrode layer which is one of
the electrode layers is formed in a pattern corresponding to
a plurality of light emitting sections and has a plurality of
first electrodes, and a second electrode layer which is
another electrode layer is placed so that it covers the entire
portion of the display area where the first electrode is
formed, and a first terminal connected to the first electrode
layer and a second terminal connected to the second elec-
trode layer are formed outside the display area on the
substrate, and the present invention provides an organic EL
display characterized in that the second electrode layer
consists of a plurality of second electrodes, a plurality of
second terminals are formed on the substrate, and the
plurality of second electrodes are connected respectively to
different second terminals.

[0014] This is referred to as a second organic EL display
device of the present invention.

[0015] According to the second organic EL display of the
present invention, by dividing the second electrode layer
into a plural number of second electrodes, it is difficult for
a voltage drop to occur within the second electrode layer.
Thus, the amount of current provided to the organic EL
elements is easily made uniform within the surface of the
display area.

[0016] Also, by connecting the plurality of second elec-
trodes respectively to different second terminals, the amount
of current provided to the second electrodes can be made
different from one another.

[0017] Listed as an embodiment of the present invention is
an organic EL display where the substrate is transparent, the
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first electrode layer is a transparent anode layer formed on
the substrate side, and the second electrode layer is a cathode
layer.

[0018] Listed as an embodiment of the present invention is
an active matrix type organic EL display where the first
electrode and anorganic light emitting layer are formed as a
matrix and the second electrode layer is formed as the
common electrode, and an organic EL display where the
second electrode layer is transparent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a plan view showing the structure of an
organic EL display panel corresponding to the first embodi-
ment of the present invention, and

[0020]
FIG. 1.

[0021] FIG. 3 is a plan view showing the structure of an
organic EL display panel corresponding to the second
embodiment of the present invention, and

FIG. 2 is a cross-sectional view of the A-A line in

[0022] FIG. 4 is a cross-sectional view of the B-B line in
FIG. 3.

[0023] FIG. 5 is a plan view showing the structure of an
organic EL display panel corresponding to the third embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Below, an explanation is provided of embodiments
of the present invention.

[0025] FIG. 1 is a plan view showing the structure of an
organic EL display panel corresponding to the first embodi-
ment of the present invention, and FIG. 2 is a cross-sectional
view of the A-A line in FIG. 1.

[0026] This display panel comprises a transparent sub-
strate 101, a transparent anode layer (first electrode layer)
consisting of an anode (first electrode) 102 and an anode
wiring 104, an insulating layer 105, an organic light emitting
layer 106 provided with a hole transporting layer etc., and a
cathode layer 107.

[0027] In FIG. 1 the organic light emitting layer 106 and
the insulating layer 105 are omitted, and in FIG. 2 the anode
wiring 104 is omitted.

[0028] As shown in FIG. 1, the display panel is a display
showing four digital numbers, where seven e¢lements (light
emitting sections) comprising each digital number are com-
posed of organic EL elements. For that purpose, the anode
102 is formed on the immediate top of the substrate 101 in
a pattern corresponding to each of the light emitting sec-
tions.

[0029] Also, a dedicated wiring 104 is connected to each
anode 102.

[0030] Immediately on the substrate 101, other than
anodes 102 and wiring 104, 28 terminals 108 for the anode
wirings 104 and four terminals 109 for the cathode are
formed. These terminals are grouped for each digital number
and are formed as a terminal section 103 on the perimeter
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outside the octagonal display area. On each terminal section
103, seven anode terminals 108 and one cathode terminal
109 are arranged in parallel.

[0031] After a transparent, conductive, thin film is formed
on the substrate 101, the anodes 102, the wirings 104, the
anode terminals 108, and the cathode terminals 109 are
simultaneously formed by accomplishing photolithography
and etching of the thin film.

[0032] The insulating layer 105 is formed on a portion
immediately on the substrate 101 excluding the anodes 102,
the wirings 104, the anode terminals 108, and the cathode
terminals 109. Because of this insulating layer 105, lumi-
nescence in sections other than the light emitting sections
and electric leakage between wirings or terminals that would
otherwise occur are prevented. The organic light emitting
layer 106 is formed on the entire surface of the display area.

[0033] The cathode layer 107 consists of the same octago-
nal surface as the display area and the four projections 107A
protruding from the perimeter of this octagon to the outside
of the display area, the projections 107A being formed so
that each of them makes contact with respective different
cathode terminals 109.

[0034] In the present embodiment, a substrate made of
soda glass with a thickness of 0.7 mm is used as the substrate
101. As the material composing the anode 102, ITO (Indium
Tin Oxide; Indium oxide doped with tin oxide) is used, and
the thickness of the I'TO thin film is made to be 150 nm. An
SiO, layer is formed as the insulating layer 105.

[0035] The organic light emitting layer 106 is constructed
with a hole injection layer of thickness 50 nm composed of,
N'-diphenyl-N,N'-dinaphthyl-1,1'-biphenyl-4,4'-diamine
and an electron transporting light emitting layer composed
of a tris (8-hydroxyquinoline) aluminum complex. Also, the
hole injection layer and the electron transporting light emit-
ting layer are formed with a thickness of 50 nm, respectively,
and the thickness of the organic light emitting layer 15 is
made to be 100 nm.

[0036] When using the display panel, each terminal sec-
tion 103 and the corresponding terminal section of the
driving circuit are connected to each other, and the anode
terminal 108 and the cathode terminal 109 are connected to
each corresponding terminal of the driving circuit. Then, a
voltage is applied between the four cathode terminals 109
and the anode terminals 108 of the portion to be made light
emitting among the seven elements of each digital number
by the operation of the driving circuit, whereby the electri-
fied portion of the organic light emitting layer 106 generates
luminescence, and one digital number out of “0”~“8” is
displayed.

[0037] In the display panel of the present embodiment,
because the cathode layer 107 is connected to the four
cathode terminals 109 provided on the equally separated
four locations of the substrate perimeter, compared to cases
where it is connected to only one cathode terminal, it is
difficult for a voltage drop to occur within the cathode layer
107. As a result, even where the display area is relatively
large (4 inches or more for example), the uniformity of
luminosity within the display area is high.

[0038] Here, in a configuration where the cathode layer is
made to be transparent to light so that light will also be
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emitted to the cathode side, a voltage drop in the cathode
layer occurs easily because the cathode layer needs to be
formed with a thin film having a thickness of about 200 A
for example, . Therefore, it is possible to obtain advantages
in the display panel of the present embodiment such as
having a uniform luminosity over the entire display area.

[0039] FIG. 3 is a plane view showing the structure of an
organic EL display panel corresponding to the second
embodiment of the present invention, and FIG. 4 is a
cross-sectional view of the B-B line in FIG. 3.

[0040] The cathode layer 177 of the display panel of the
present invention consists of four cathodes (second elec-
trodes) 171 having a shape where the octagonal cathode
layer 107 of the first embodiment is equally divided. All
other features are the same as the first embodiment.

[0041] Each of the four projections 107A of the cathode
layer 107 of the first embodiment are assigned to one of the
cathodes 171 of the cathode layer 177, respectively. Each of
the four cathodes 171 is formed so that it covers the whole
anode 102 forming one digital number. Each projection
107A of the four cathodes 171 is connected to the cathode
terminal 109 placed in the terminal section 103 for the
corresponding digital number.

[0042] In the display panel of the present embodiment,
because the cathode layer 177 is divided into a plurality of
cathodes 171, compared to cases where the entire display
area is covered with one cathode layer, it is difficult for a
voltage drop to occur in the cathode layer. As a result, even
in cases where the display area is relatively large (4 inches
or more for example) or where the cathode layer is formed
with a thin film having a thickness of about 200 A, for
example, in order for it to be able to transmit light, the
uniformity of luminosity within the surface of the display
area becomes high.

[0043] Also, because the four cathodes 171 are connected
to respective different cathode terminals 109, the amount of
current provided by the cathodes 171 can be made different
from one another. As a result, it is possible to divide the
display area into a plurality of areas to perform a display in
each area with intentional differences in luminosity.

[0044] FIG. 5 is a plan view showing the structure of an
organic EL display panel corresponding to the third embodi-
ment of the present invention.

[0045] This display panel is a panel for an active matrix
type Organic EL display device. The transparent substrate
101 of this panel has a rectangular substrate surface, and the
portion of this rectangle excluding one of the narrow sides
and the entire perimeter is made to be the display area 50.

[0046] In this display panel, within the display area 50 on
the substrate 101 a transparent anode (first electrode) and an
organic light emitting layer are formed in a matrix corre-
sponding to a large number of pixels (light emitting sec-
tions). A transparent cathode layer 178 is formed on the
entire display area 50 of the organic light emitting layer. The
cathode layer 178 is equally divided into four cathodes
178a~178d which become each of the upper, lower, left, and
right areas in FIG. §.

[0047] Slim light-reflecting auxiliary electrodes 179 are
respectively formed on the top edge of the upper two
cathodes 178a and 1785 and the top edge of the lower two
cathodes 178c and 1784.
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[0048] On the terminal section 103 are formed a large
number of anode terminals 108 and two cathode terminals
109. Connected to each of the anode terminals 108 is the end
of terminals of the wire 104A from a large number of anodes
formed as a matrix. Also, connected to two cathode termi-
nals 109 are auxiliary electrodes 179 connected to two
different cathodes.

[0049] As the transparent cathode layer 178, (1) a thin film
obtained by co-depositing magnesium (Mg) and silver (Ag),
@ a thin film obtained by co-depositing lithium (Li) and
aluminum (Al), and (3) a thin film (whose total thickness is
140 A or less for example) with a double-layer structure
consisting of the first cathode layer (light emitting layer
side) made of a material with a small work function and the
second cathode layer with a work function larger than the
first cathode layer can be listed for example. Calcium (Ca)
or magnesium (Mg) can be used as the raw material for the
first cathode layer, and aluminum (Al), silver (Ag), and gold
(Au) for the second cathode layer for example.

[0050] As the anode having light transmittance, the same
ITO as the first embodiment or IZO (Indium Zinc Oxide;
Indium oxide doped with zinc oxide) etc. can be used. When
using a transparent anode, it is preferable to use metals with
high work functions such as Pt, Ir, Ni, and Cd, or oxides of
these metals.

[0051] In the display panel of the present embodiment,
because the cathode layer 178 is divided into a plurality of
cathodes 178a~178d, compared to cases where the entire
display area is covered with one cathode layer, it is difficult
for voltage drop to occur in the cathode layer. As a result, the
uniformity of luminosity within the surface of the display
area 50 becomes high.

[0052] Here, the higher the formation density of the pixel
electrodes is (the larger the number of pixel electrodes
formed in a specific display area), the larger the display area
occupied with wiring of the pixel electrodes etc. becomes,
and the smaller the area ratio of the pixel electrodes in the
display area becomes. As a result, in an organic EL display
panel whose display area is relatively large, such as 4 inches
or larger for example, and which has a light-reflecting
cathode as the common electrode, the higher the formation
density of anodes which are the pixel electrodes, the lower
the brightness of the screen becomes.

[0053] Therefore, in an organic EL display panel whose
display area is relatively large such as 4 inches or larger for
example and which has a high formation density of anodes
which are the pixel electrodes, it is preferable that a con-
figuration be made so that light is also irradiated from the
cathode side by using a transparent cathode (common elec-
trode).

[0054] However, because a transparent cathode needs to
be formed with a thin film which is thinner than a light-
reflecting cathode, voltage drop occurs easily.

[0055] Therefore, in an organic EL display panel where
the formation density of the pixel electrodes (first elec-
trodes) is high, it is especially effective to form a plurality
of transparent electrodes (second electrodes) which are
divided in the display area as the common electrode (second
electrode layer), to form a plural number of the second
terminals on the substrate, and to connect the plurality of the
second electrodes to respective different second terminals.
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[0056] Industrial Applicabilities the organic EL display device having a plurality of second
[0057] As explained above, according to the organic EL Sg&fggj lgorérrlegor?r?ec?elg ts(l)lbt?;atelu:;i tt;ef :Zzgﬁj
display of the present invention, because it is difficult for a torminals y p ¥
voltage drop of the second electrode layer to occur, even in B . . -

; . . . 2. An organic EL display device comprising:
cases where the display area is relatively large, the unifor- ) o o
mity of luminosity within the surface of the display area a layered structure having an organic light emitting layer
becomes high. between electrode layers formed on a substrate;

a first electrode layer that is one of electrode layers being
formed in a pattern corresponding to a plurality of light
emitting sections, the first electrode layer having a
plurality of first electrodes;

[0058] As a result, because there is no need to supply a
high voltage on the assumption of a voltage drop in the
second electrode layer, it becomes possible to drive the
organic EL display with lower electric power consumption
than has heretofore been possible. a second electrode layer that is another of the electrode
layers formed so that part of a display area in which the

[0059]  Especially, according to the organic EL display of first electrodes are formed is covered entirely; and

the present invention, by having a differnt amount of current
at each of the second electrodes, it becomes possible to
divide the display area into a plurality of sections and to
perform a display by intentionally creating differences of
luminosity to the sections.

a first terminal connected to the first electrode layer and
a second terminal connected to the second electrode
layer formed outside of the display area on the sub-
strate;

the organic EL display device having a plurality of the

second terminals formed on the substrate and a plural-

ity of second electrodes connected respectively to the
a layered structure having an organic light emitting layer plurality of second terminals.

between electrode layers formed on a substrate; 3. The organic EL display device according to claim 1 or
2, wherein the substrate is transparent, the first electrode
layer is a transparent anode layer formed on the substrate
side, and the second electrode layer is a cathode layer.

4. An organic EL display device according to claim 3,
a second electrode layer that is another of the electrode wherein the organic EL display device is an active matrix

layers being disposed on an entire display area; and type organic EL display device having a first electrode and
an organic light emitting layer formed in a matrix and a
second electrode layer formed as a common electrode, and
wherein the second electrode layer is transparent.

What is claimed is:
1. An organic EL display device comprising:

a first electrode layer that is one of the electrode layers
being formed in a pattern corresponding to a plurality
of light emitting sections;

a first terminal connected to the first electrode layer and
a second terminal connected to the second electrode
layer formed outside of the display area on the sub-
strate; * ok ok k%
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