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7) ABSTRACT

An organic EL display panel includes a plurality of anodes
(2) formed on a substrate (1), a plurality of auxiliary
electrodes (3) held in electrical contact with the anodes (2),
an anode separator (4) covering each auxiliary electrode (3)
and a part of the anodes (2), a plurality of organic EL strips
(5) formed to cover the anode separator (4), a plurality of
cathodes (6) layered over the organic El strips (5) and
extending to cross the anodes (2), and a plurality of cathode
separators (7) separating among the cathodes (6) and extend-
ing to cross the anodes (2). Each of the auxiliary electrodes
(3) is severed at a position where the auxiliary electrode
crosses the cathode separators (7).
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ORGANIC EL DISPLAY PANEL COMPRISING
ELECTRODE SEPARATOR AND ITS
MANUFACTURING METHOD

TECHNICAL FIELD

[0001] The present invention relates to an organic EL
display panel used as a display for image display, while also
relating to a manufacturing method of such a panel.

BACKGROUND ART

[0002] An anode of an organic EL display panel is nor-
mally a transparent electrode formed from an ITO film.
Compared with general metals used for an electrode, the
electrical resistance of the ITO film is high. Also unlike a
liquid crystal display panel driven by voltage, an organic EL
display panel is driven by current. Thus, with high wire
resistance, the signal voltage tends to drop, and signal
waveforms tend to loose sharpness. The drop of signal
voltage and loss of sharpness of signal waveforms should be
prevented because they cause a brightness unevenness on
the display screen and an irregularity of color balance in full
color mode. These phenomena particularly occur in a simple
matrix type where large current flows momentarily, and tend
to occur more easily as the panel size becomes larger.
Referring to FIG. 12, a conventional solution for this is to
provide an auxiliary electrode 92 made of e.g. chrome on an
anode 91 formed of an ITO film.

[0003] The organic EL display panel illustrated in FIG, 12
is a simple matrix type, where a plurality of anodes 91 and
auxiliary electrodes 92, formed on a transparent substrate
90, extend in a direction and are lined up with spaces in
another direction perpendicular to the first direction. On the
anodes 91 and auxiliary electrodes 92, a plurality of organic
EL strips 93, cathodes 94 and cathode separators 95 are
layered extending in one direction perpendicular to the
above electrodes, and are lined up with spaces in a longi-
tudinal direction of the electrodes. The cathode separators 95
are for electrical insulation between adjacent cathodes 94.
The light emitted from the organic EL strips 913 transmit
through the anodes 91 and the substrate 90, and travel
downward. Thus, each auxiliary electrode 92 on an anode 91
is formed not to cover the anode 91 entirely, but to be locally
disposed along one of the longitudinal edges of the anode
91.

[0004] The combination of the anodes 91 and the auxiliary
electrodes 92 serves to decrease their electrical resistance as
a whole, whereby the problem mentioned above can be
solved or alleviated.

[0005] However, in the conventional structure, the auxil-
iary electrodes 92 extend over almost the full length of the
anodes 91 in the longitudinal direction, which causes the
following problem.

[0006] As FIG. 13a shows, cathode separators 95 are
formed by forming a resist film 95A on the anodes 91 and
auxiliary electrodes 92, and then performing exposure of
light and development processing on the resist film 95A
using a photolithography method. The resist film 95A is a
negative type. In the prior art, when light exposure is
performed on the portions 95', which correspond o the
cathode separators 95, of the resist film 95A using the mask
99, the light which transmits through this portion 95' is
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reflected and scattered upward by the auxiliary electrodes
92. The auxiliary electrodes 92, made of chrome, have high
light reflectance. This causes the portion near the bottom
surface of the resist film 95A to be sensitized by the reflected
light. So when the development processing is performed
after this, the cathode separators 95 present a cross-sectional
profile broadening toward the bottom, as seen in FIG. 13b.

[0007] If the cathode separators 95 have a profile broad-
ening toward the bottom in this way, when the organic EL
strips 93 and cathodes 94 are formed by deposition, as
shown in FIG. 14, the film is formed not only on the top
surfaces 95a of the cathode separators 95 but also on the side
surfaces 95b and 95c¢ thereof. This causes the adjacent
cathodes 94, sandwiching the cathode separator 95, to be
electrically conducted, which is not appropriate. It is pos-
sible to electrically insulate the adjacent cathodes 94 by
partially removing the top area of the cathode separator 95
by etching. Even with such processing, the films of the
organic EL strip 93 and cathode 94 remain on both side
surfaces 95b and 95¢ of the cathode separators 95. This is
not desirable in terms of insulation of the adjacent cathodes
94 sandwiching the cathode separators 95.

DISCLOSURE OF THE INVENTION

[0008] With the foregoing in view, it is an object of the
present invention to provide an organic EL display panel that
can solve or lessen the abovementioned problem.

[0009] Tt is another object of the present invention to
provide a manufacturing method for such an organic EL
display panel.

[0010] According to a first aspect of the present invention,
there is provided an organic EL display panel that comprises
a plurality of metal auxiliary electrodes formed on a sub-
strate, and a plurality of electrode separators extending
above the auxiliary electrodes to cross the auxiliary elec-
trodes. In the organic EL display panel, each of the auxiliary
electrodes is scvered at a position where the auxiliary
electrode crosses each of the electrode separators.

[0011] With such an arrangement, even if the light used for
exposure travels directly under the portion to be edges of the
insulation layer when the electrode separators are formed by
a photolithography method, the light is not reflected nor
scattered by the auxiliary electrodes. Therefore, the edges of
the electrode separators are finished to be a desired appro-
priate shape.

[0012] The organic EL display panel according to an
embodiment of the present invention may further comprise
a plurality of transparent anodes formed on the substrate, a
plurality of organic EL strips that cover the anodes and
extend to cross the anodes, and a plurality of cathodes
covering the organic EL strips and extending to cross the
anodes. In this case, the auxiliary electrodes are in electrical
contact with the anodes, respectively. The electrode separa-
tor is a cathode separator formed between the plurality of
cathodes, and each of the auxiliary electrodes is severed at
a position where the auxiliary electrode crosses each of the
cathode separators. Preferably, the cathode separator may be
formed by a negative resist.

[0013] The organic EL display panel may further comprise
an anode separator covering the auxiliary electrodes and a
part of the anodes. In this case, it is preferable that the anode
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separator is formed with an opening between the adjacent
cathode separators. Also it is preferable that each of the
auxiliary electrodes is arranged to avoid the opening. It is
also preferable that the anode separator is formed by a
positive resist.

[0014] According to a second aspect of the present inven-
tion, there is provided an organic EL display panel that
comprises a plurality of anodes formed on a substrate to
extend in one direction, a plurality of metal auxiliary elec-
trodes held in electrical contact with the anodes, an anode
separator covering the auxiliary electrodes and a part of the
anodes and being formed with an opening on each of the
anodes, a plurality of organic EL strips formed to cover the
anode separator and partially enter the openings to contact
the plurality of anodes, a plurality of cathodes layered on the
organic EL strips and extending to cross the anodes, and a
plurality of cathode separators separating between the cath-
odes and extending to cross the anodes. In the organic EL
display panel, each of the auxiliary electrodes is arranged to
avoid each of the cathode separators and the openings.

[0015] Preferably, the auxiliary electrode may be over-
layed at least on one side of the longitude edges of each of
the anodes, and may extend along the one particular edge.

[0016] According to another embodiment of the second
aspect, the auxiliary electrode may be a rectangular loop
surrounding each opening of each of the anode separators.

[0017] According to a third aspect of the present inven-
tion, there is provided a manufacturing method for an
organic EL display panel, the method comprising the steps
of forming a plurality of metal auxiliary electrodes on a
substrate, and forming a plurality of electrode separators
over the auxiliary electrodes by performing light exposure
and development on a resist, the electrode separators extend-
ing to cross the auxiliary electrodes. In the manufacturing
method, the step of forming the auxiliary electrodes is
performed such that the auxiliary electrode is severed at a
position where the auxiliary electrode crosses each of the
electrode separators.

[0018] According to a fourth aspect of the present inven-
tion, there is provided a manufacturing method for an
organic EL display panel, the method comprising the steps
of: forming a plurality of anodes on a substrate; forming a
plurality of metal auxiliary electrodes held in electrical
contact with the anodes; forming an anode separator cover-
ing the auxiliary electrodes and a part of the anodes, the
anode separator being formed with an opening on each of the
anodes by performing light exposure and development on a
resist; forming a plurality of organic EL strips on the anode
separator; and forming a plurality of cathodes covering the
organic EL strips. In the manufacturing method, the step of
forming each of the auxiliary electrodes is performed such
that the auxiliary electrode avoids the positions to be the
opening of the anode separator.

[0019] The other features and advantages of the present
invention will be clarified by the description on the preferred
embodiments herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 11is a partial perspective cross-sectional view
depicting the organic EL display panel according to an
embodiment of the present invention;
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[0021] FIG. 2 is a cross-sectional view of II-II in FIG. 1;
[0022] FIG. 3 is a cross-sectional view of III-III in FIG.
L

[0023] FIG. 4 is a partial perspective plan view depicting

the display panel shown in FIG. 1,

[0024] FIG. 5a and FIG. 5b are partial cross-sectional
views depicting an example of the formation steps of the
insulation layer of the display panel shown in FIG. 1;

[0025] FIG. 6 is a partial enlarged cross-sectional view
depicting the display panel shown in FIG. 1;

[0026] FIG. 7 is a partial enlarged cross-sectional view
depicting an organic EL display panel according to a com-
parison example;

[0027] FIG. 8 is a partial cross-sectional view depicting
an example of a formation step of the cathode separator of
the display panel shown in FIG. 1,

[0028] FIG. 9 is a partial enlarged cross-sectional view
depicting an example of a film formation step according to
the present invention;

[0029] FIG. 10 is a partial cross-sectional view depicting
an organic EL display panel according to another embodi-
ment of the present invention,

[0030] FIG. 10b is a perspective plan view depicting the
display panel in FIG. 10q;,

[0031] FIG. 11 is a partial perspective view depicting
another embodiment of the present invention;

[0032] FIG. 12 is a partial cross-sectional view depicting
a conventional organic EL display panel;

[0033] FIG. 13a and FIG. 13b are cross-sectional views
depicting the formation steps of the cathode separator in a
conventional display panel; and

[0034] FIG. 14 is a partial enlarged cross-sectional view
depicting an example of the film formation step according to
the prior art.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] Embodiments of the present invention will now be
described below with reference to the drawings.

[0036] FIG. 1 to FIG. 4 show a first embodiment of the
present invention. As shown in FIG. 1, the organic EL
display panel A of the present embodiment is a simple matrix
type, having a configuration where a plurality of anodes 2,
a plurality of auxiliary electrodes 3, an anode separator 4, a
plurality of organic EL strips 5, a plurality of cathodes 6 and
a plurality of cathode separators 7 are formed on the top
surface of the substrate 1, which is made of a transparent
glass.

[0037] A plurality of anodes 2 are transparent electrodes
formed by an ITO film, and are lined up in strips (elongated)
extending in one direction with spaces in the width direction.
Each auxiliary electrode 3, disposed for decreasing the wire
resistance, is layered at one side of the edges of each anode
2 so as not to cover the entire area of the anode 2. Each
auxiliary electrode 3 extends in the longitudinal direction of
each anode 2, but a severed section 39 is formed directly
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under each cathode separator 7, as shown in FIG. 3. The
material of each auxiliary electrode 3 is chrome, for
example. Chrome has good adhesion to ITO film and has
excellent corrosive resistance. However other metal, such an
aluminum, may be used instead.

[0038] The anode separator 4 scparates the anodes 2
adjacent to each other, as shown in FIG. 2, and covers the
entire area of each auxiliary electrode 3 and a part of each
anode 2. This anode separator 4 is comprised of a single
insulation layer, is formed by positive resist, and has a
plurality of openings 40 on each anode 2, as described later.
As shown in FIG. 4, each opening 40 is rectangular, for
example. In FIG. 4, the organic EL strips 5§ and cathodes 6
are omitted, and the anode separator 4 is shown by half tone
dots. Each auxiliary electrode 3 is formed so as to avoid each
opening 40. More specifically, each auxiliary electrode 3 is
distant from the edge 40a of the nearest opening 40 for an
appropriate dimension sl.

[0039] Each organic EL strip 5 comprises a light emitting
layer (not illustrated) which emits light when electricity is
turned ON using the anode 2 and cathode 6, and which is
layered onto the anode separator 4 and extends in a direction
perpendicular to the anode 2. A part of each organic EL strips
5 enters the opening 40 of the anode separator 4, so as to be
directly sandwiched by the anode 2 and cathode 6, and this
area serves as a light emitting area. The light emitted from
this area transmits through the anode 2 and substrate 1, and
travels downward. Each cathode 6 is formed by aluminum,
for example, and is layered on each organic EL strip 5, and
extends in a direction the same as each organic EL strip 5.

[0040] Each cathode separator 7 separates the cathodes 6
adjacent to each other, electrically insulating them. As
shown in FIG. 1 and FIG. 3, each cathode separator 7 is
formed on the anode separator 4, and extends in a direction
the same as the cathodes 6 and organic EL strips 5. As
described later, this cathode separator 7 is formed by nega-
tive photoresist.

[0041] Now a manufacturing method for the organic EL
display panel A with the abovementioned configuration and
its function will be described.

[0042] To manufacture the organic EL display panel A, a
plurality of anodes 2 and plurality of auxiliary electrodes 3
are formed on the substrate 1, then the anode separator 4 is
formed. The anode separator 4 is formed by a photolithog-
raphy method using positive photoresist. More specifically,
as shown in FIG. 5a, the resist film 4A that covers the
plurality of anodes 2 and plurality of auxiliary electrodes 3
is formed on the substrate 1 first, then light exposure
processing is performed. The mask for exposure 81 is for not
irradiating light onto the portion 4', which will be formed as
the anode separator 4, and for enabling irradiating light onto
the other portions 49 (portions indicated by half tone dots).

[0043] The boundary between the above mentioned por-
tions 4' and 49 corresponds to the edge 40a of the opening
40 of the anode separator 4. The auxiliary electrode 3 is
formed avoiding the opening 40, so the auxiliary electrode
3 does not reflect much light to the abovementioned bound-
ary. On the other hand, the intensity of the light is weakened
while the light is traveling inside the resist film 4A. There-
fore the exposure amount of the portion 49 to be the
exposure target is highest at the top surface of the resist film
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4A and becomes less as it approaches the bottom surface,
and the unexposed portion of the resist film 4A becomes
wider as it approaches the rear surface of the resist 4A.
Therefore, if development processing is performed after this
and the unexposed portion which remains is used as the
anode separator 4, the edge 40a of the opening 40 presents
a shape which is smoothly inclined such that the opening
width of the opening 40 becomes larger as it approaches the
top, as shown in FIG. 5b.

[0044] If the anode separator 4 is formed in this way, it is
appropriate to form the organic EL strips § and cathodes 6
on the anode separator 4. FIG. 7 shows a comparison
example with the present invention, and the corresponding
composing elements in FIG. 7 and the present embodiments
are denoted with the same reference numerals. In this
comparison example, the edge 40a of the anode separator 4
rises from the surface of the anode 2 at an angle almost
vertical. In such a configuration, when the organic EL strip
5 is formed on the anode 2 and the anode separator 4, it is
difficult to appropriately form the organic EL strip 5 at the
corner nl around the edge 40a on the surface of the anode
2, and the thickness of the organic EL strip 5 tends to
become extremely thin at the corner nl. This holds for the
case of forming the cathode 6 on this organic EL strip 5.
With this, the voltage resistance characteristic of the organic
EL strip 5 and the cathode 6 becomes poor. According to the
present embodiment, the inclination of the edge 40a of the
anode separator 4 is mild, as shown in FIG. 6, so the corner
section nl opens widely and the organic EL strip 5 and
cathode 6 can be appropriately formed on this area as well.

[0045] After forming the anode separator 4, the cathode
separator 7 is formed. The cathode separator 7 is formed by
a photolithography method using negative photoresist, just
like the case of the prior art. Specifically, as shown in FIG.
8, the resist film 7A is formed on the anode separator 4, then
exposure is performed. The mask for exposure 82 enables
exposure only onto the portion 7' (portion indicated by half
tone dots) to be formed as the cathode separator 7. During
this exposure processing, light may enter into the bottom of
this portion 7' but the severed section 39 of the auxiliary
electrode 3 is directly under the portion 7'. This prevents
light from strongly reflecting and scattering upward by the
auxiliary electrode 3. Therefore the exposure amount of the
exposure target section of the resist film 7A is the maximum
at the top surface of the resist film 7A, and becomes less as
it approaches the bottom surface. So when the development
processing is performed after this, the cathode separator 7 is
formed to be a cross-sectional profile, which is narrower at
the bottom than the top, the opposite of the case of the prior
art.

[0046] If the cathode separator 7 is formed to have the
cross-sectional profile described above, when the organic EL
stripe 5 and cathode 6 are formed thereon by deposition, for
example, these films are not formed on both side surfaces
70b and 70c of the cathode separator 7, as shown in FIG. 9.
Therefore an electrical short can be prevented between the
adjacent cathodes 6 sandwiching the cathode separator 7.

[0047] FIG. 10z and FIG. 105 show a second embodi-
ment of the present invention, while FIG. 11 shows a third
embodiment. In these drawings, the same or similar com-
posing elements as the first embodiment are denoted with
the same reference numerals.
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[0048] According to the second embodiment shown in
FIG. 10z and FIG. 105, a plurality of auxiliary electrodes
3 (half tone dot sections in FIG. 10b) are layered on both
edges separated from each other in the width direction of
each anode 2. Each auxiliary electrode 3 is formed directly
under the cathode separator 7 so as to avoid the opening 40
of the anode separator 4. This configuration is preferable to
increase the overall volume of the plurality of auxiliary
electrodes 3 and to decrease the wire resistance compared
with the case of forming the auxiliary electrode on only one
side of the edges of each anode 2.

[0049] According to the third embodiment shown in FIG.
11, each auxiliary electrode 3 (half tone dot section) is a
rectangular loop shape, comprised of a pair of strips 30a
which extend in the longitudinal direction of each anode 2,
and a pair of strips 30b which extend in the width direction
of each anode 2 so as to connect both ends in the longitudinal
direction of the pair of strips 30a. This configuration can
further increase the volume of the auxiliary electrode 3, so
the wire resistance can be decreased even more than the
configuration shown in FIG. 10.

[0050] The present invention is not limited to the embodi-
ments described above. The specific configuration of each
part of the organic EL display panel according to the present
invention may be changed in design in various ways. The
specific configuration of each step of the manufacturing
method for the organic EL display panel according to the
present invention may also be changed.

[0051] The present invention is not limited to a simple
matrix type, but can be applied to an active matrix type. In
the case of an active matrix type, a plurality of signal lines
are formed on the substrate where a plurality of electrodes
are formed in a matrix, but these signal lines have relatively
large electric resistance since the width thereof is narrow.
The electric resistance of the signal lines in total can be
decreased by forming the metal auxiliary electrodes so as to
be in electrical contact with the signal lines, and the present
invention can be applied to organic EL display panels using
such a structure,

[0052] The insulators referred to in the present invention
are not limited to such members as the anode separator 4 and
cathode separator 7 in the abovementioned embodiments.
The cathode separator 7 is narrow, so the auxiliary electrode
3 is severed so as to avoid the entire width of the cathode
separator 7. If the cathode separator 7 is wide, however, the
auxiliary electrode may be severed so as to avoid only the
edges of the cathode separator.

1. An organic EL display panel comprising a plurality of
metal auxiliary electrodes formed on a substrate, and a
plurality of electrode separators extending above the auxil-
iary electrodes to cross the auxiliary electrodes,

wherein each of the auxiliary electrode is severed at a
position where the auxiliary electrode crosses each of
the electrode separators.

2. The organic EL display panel according to claim 1,
further comprising a plurality of transparent anodes formed
on the substrate, a plurality of organic EL strips that cover
the anodes and extend to cross the anodes, and a plurality of
cathodes that cover the organic EL strips and extend to cross
the anodes, wherein the auxiliary electrodes are in electrical
contact with the anodes.
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3. The organic EL display panel according to claim 2,
wherein the electrode separator comprises a cathode sepa-
rator formed between the plurality of cathodes, and wherein
each of the auxiliary electrodes is severed at a position
where the auxiliary electrode crosses each of the cathode
separators.

4. The organic EL display panel according to claim 3,
wherein the cathode separator is made of a negative resist.

5. The organic EL display panel according to claim 3,
further comprising an anode separator that covers the aux-
iliary electrodes and a part of the anodes, wherein the anode
separator is formed with an opening between adjacent
cathode separators.

6. The organic EL display panel according to claim 5,
wherein each of the auxiliary electrodes is arranged to avoid
the opening.

7. The organic EL display panel according to claim 6,
wherein the anode separator is made of a positive resist.

8. An organic EL display panel, comprising:

a plurality of anodes formed on a substrate to extend in
one direction;

a plurality of metal auxiliary electrodes held in electric
contact with the anodes;

an anode separator that covers the auxiliary electrodes and
a part of the anodes, the anode separator being formed
with an opening on each of the anodes;

a plurality of organic EL strips formed to cover the anode
separator and partially enter the openings to contact the
plurality of anodes;

a plurality of cathodes layered on the organic El strips and
extending to cross the anodes; and

a plurality of cathode separators separating between the
cathodes and extending to cross the anodes,

wherein each of the auxiliary electrodes is arranged to
avoid the cathode separators and the openings.

9. The organic EL display panel according to claim 8,
wherein each of the auxiliary electrodes is provided at a
longitudinal edge of one of the anodes and extends along the
edge.

10. The organic EL display panel according to claim 8,
wherein the auxiliary electrode comprises a rectangular loop
surrounding each opening of each anode separator.

11. A manufacturing method for an organic EL display
panel, comprising the steps of:

forming a plurality of metal auxiliary electrodes on a
substrate; and

forming a plurality of electrode separators above the
auxiliary electrodes by performing light exposure and
development on a resist, the electrode separators
extending to cross the auxiliary electrodes;

wherein the step of forming the auxiliary electrodes is
performed such that the auxiliary electrode is severed at
a position where the auxiliary electrode crosses each of
the electrode separators.
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12. A manufacturing method for an organic EL display
panel, comprising the steps of:

forming a plurality of anodes on a substrate;

forming a plurality of metal auxiliary electrodes held in
electrical contact with the anodes;

forming an anode separator by performing light exposure
and development on a resist, the anode separator cov-
ering the auxiliary electrodes and a part of the anodes
and being formed with an opening on each of the
anodes;
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forming a plurality of organic EL strips on the anode
separator; and

forming a plurality of cathodes covering the organic EL
Strips;

wherein the step of forming each of the auxiliary elec-
trodes is performed such that the auxiliary electrode
avoids positions at which the openings of the anode
separators to be formed.
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