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1
ORGANIC ELECTRO-LUMINESCENT
DISPLAY DEVICE

CLAIM OF PRIORITY

The present application claims priority from Japanese
Application JP 2007-264503 filed on Oct. 10, 2007, the con-
tent of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic electro-lumi-
nescent (EL) display device, and more particularly to a top-
emission-type organic EL display device which can enhance
the uniformity of brightness and can enhance the reliability of
the organic EL display device.

2. Description of the Related Art

An organic EL display device is classified into a bottom-
emission-type organic EL display device in which light emit-
ted from organic EL layers is taken out in the direction of a
glass substrate on which the organic EL layers and the like are
formed and a top-emission-type organic EL display device in
which light emitted from organic EL layers is taken outin the
direction opposite to a glass substrate on which the organic
EL layers and the like are formed. The top-emission-type
organic EL display device has an advantage that the respec-
tive organic EL layers can ensure a large area thus increasing
the brightness of a display.

In the organic EL display device, the organic EL layer is
sandwiched between a lower electrode and an upper elec-
trode, and emission of light from the organic EL layer is
controlled by applying a fixed voltage to the upper electrode
and by applying a data signal voltage to the lower electrode
thus forming an image. The supply of the data signal voltage
to the lower electrode is performed via a thin film transistor
(TFT). In the top-emission-type organic EL display device, it
is also possible to form the organic EL layer on the TFT and
the like and hence, a light emission area of the display can be
increased.

The top-emission-type organic EL display device radiates
light toward the upper electrode side and hence, it is necessary
to make the upper electrode transparent. As a transparent
electrode, an ITO (Indium Tin Oxide) film, an IZO (Indium
Zinc Oxide) film or the like which is a metallic oxide con-
ductive film is used in general. However, ITO, IZO or the like
exhibits high resistance compared to metal. Accordingly,
when a distance between the upper electrode and a terminal
portion which supplies an electric current to the upper elec-
trode is increased, a potential of the upper electrode arranged
in the vicinity of the terminal portion and a potential of the
upper electrode remote from the terminal portion differ from
each other. This difference appears as the non-uniformity of
brightness thus deteriorating an image quality.

JP-A-2002-318556 (patent document 1) and JP-A-2001-
230086 (patent document 2) disclose a top-emission-type
organic EL display device in which an auxiliary electrode is
provided for suppressing a phenomenon that a potential of an
upper electrode differs depending on a position of the upper
electrode due to resistance of the upper electrode.

SUMMARY OF THE INVENTION

In the technique disclosed in patent document 1, the aux-
iliary line is formed using low-resistance metal below a bank
formed between pixels and pixels. Then, a through hole is
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formed in the bank so as to electrically connect an upper
electrode and the auxiliary line with each other via the
through hole. The auxiliary line exhibits low resistance and
hence, even in a pixel which is remote from a terminal por-
tion, itis possible to suppress the lowering of a potential of the
upper electrode. However, in the above-mentioned technique,
patterning of the auxiliary line becomes necessary in forming
the auxiliary line below the bank. Patterning of the auxiliary
lines is performed by photolithography and hence, a manu-
facturing cost is pushed up. Further, the connection at a
through hole portion formed in the bank is performed only by
the upper electrode. The through hole formed in the bank is
deep and hence, it is difficult to acquire the reliable conduc-
tion at the through hole portion.

In the technique disclosed in patent document 2, the upper
electrodes are divided into literal upper electrodes which are
formed on the organic EL layer and wiring portions (auxiliary
electrodes) which supply an electric current to the upper
electrodes from terminal portions, and the wiring portions are
formed using metal which exhibits low resistance. This tech-
nique also requires patterning of the auxiliary electrodes.
Patterning of the auxiliary electrodes is performed by photo-
lithography and hence, a manufacturing cost is pushed up.
Further, in the above-mentioned technique disclosed in patent
document 2, although the bank is not formed between the
pixels and the pixels, when the bank is formed, in the same
manner as patent document 1, a drawback on the conduction
at the through hole arises.

The present invention has been made to realize a top-
emission-type organic EL display device which, in using an
auxiliary electrode for preventing a voltage drop of an upper
electrode due to large resistance of the upper electrode, can
suppress the rise of a manufacturing cost and, at the same
time, can ensure the reliable conduction at a through hole
portion.

The present invention has been made to overcome the
above-mentioned drawbacks. According to the present inven-
tion, an auxiliary electrode is formed above or below an upper
electrode by vapor deposition or sputtering for suppressing a
voltage drop of the upper electrode. The connection between
a current supply line which supplies an electric current to the
upper electrode and is formed in the same layer as a drain line
and the auxiliary electrode is performed via a through hole
formed in an insulation film. For suppressing a connection
failure at the through hole or a phenomenon that the resistance
is increased at the through hole, a contact electrode made of
metal is formed on the through hole portion by mask vapor
deposition or sputtering in an overlapping manner with the
auxiliary electrode. Following are specific means for over-
coming the above-mentioned drawbacks.

(1) The present invention provides an organic EL display
device having a display region on which pixels each having an
organic EL layer sandwiched by an upper electrode and a
lower electrode are arranged in a matrix array, wherein the
upper electrode is formed of a transparent electrode, an aux-
iliary electrode which is conductive with the upper electrode
extends between the pixels and the pixels, the auxiliary elec-
trode is connected with a current supply line which supplies
an electric current to the upper electrode via a through hole
formed in an insulation layer, and a contact electrode is
formed on the through hole in an overlapping manner with the
auxiliary electrode.

(2) In the organic EL display device having the above-
mentioned constitution (1), the contact electrode is made of
metal, and has a film thickness larger than a film thickness of
the auxiliary electrode.
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(3) In the organic EL display device having the above-
mentioned constitution (1), the auxiliary electrode is formed
by mask vapor deposition or mask sputtering, and the contact
electrode is formed by mask vapor deposition or mask sput-
tering.

(4) In the organic EL display device having the above-
mentioned constitution (1), the contact electrode is formed
above the auxiliary electrode.

(5) In the organic EL display device having the above-
mentioned constitution (1), the contact electrode and the aux-
iliary electrode are made of the same material.

(6) In the organic EL display device having the above-
mentioned constitution (1), the auxiliary electrode is formed
over the upper electrode.

(7) In the organic EL display device having the above-
mentioned constitution (1), the auxiliary electrode is formed
below the upper electrode.

(8) The present invention also provides an organic EL
display device having a display region on which pixels each
having an organic EL layer sandwiched by an upper electrode
and a lower electrode are arranged in a matrix array, wherein
the upper electrode is formed of a transparent electrode, an
auxiliary electrode which is conductive with the upper elec-
trode extends between the pixels and the pixels, the auxiliary
electrode is connected with a current supply line which sup-
plies an electric current to the upper electrode via a through
hole formed in an insulation layer outside the display region,
and a contact electrode is formed on the through hole in an
overlapping manner with the auxiliary electrode, and the
contact electrode is configured to cover the plurality of
through holes in common.

(9) In the organic EL display device having the above-
mentioned constitution (8), the auxiliary electrode is formed
by mask vapor deposition or mask sputtering, and the contact
electrode is formed by mask vapor deposition or mask sput-
tering.

(10) The present invention also provides an organic EL
display device having a display region on which pixels each
having an organic EL layer sandwiched by an upper electrode
and a lower electrode are arranged in a matrix array, wherein
the upper electrode is formed of a transparent electrode, an
auxiliary electrode which is conductive with the upper elec-
trode extends between the pixels and the pixels, the auxiliary
electrode is connected with a current supply line which sup-
plies an electric current to the upper electrode via a through
hole formed in an insulation layer within the display region
and between the pixels and the pixels, and a contact electrode
is formed on the through hole in an overlapping manner with
the auxiliary electrode.

(11) In the organic EL display device having the above-
mentioned constitution (10), a width of the contact electrode
is set larger than a width of the auxiliary electrode.

(12) In the organic EL display device having the above-
mentioned constitution (10), a bank is formed between the
pixels and the pixels, the auxiliary electrode is formed on the
bank, and the through hole is formed in the bank and other
insulation layer in a penetrating manner.

(13) In the organic EL display device having the above-
mentioned constitution (10), the auxiliary electrode is formed
by mask vapor deposition or mask sputtering, and the contact
electrode is formed by mask vapor deposition or mask sput-
tering.

Accordingtothe present invention, the auxiliary electrodes
are formed by mask vapor deposition or mask sputtering and
hence, the formation of the auxiliary electrodes requires no
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photolithography step thus realizing the formation of the
auxiliary electrodes without largely pushing up a manufac-
turing cost.

Further, although the connection between a current supply
line which supplies an electric current to the upper electrode
and the auxiliary electrode is established via the through hole
formed in the insulation film, the through hole is extremely
deep in general and hence, the conduction failure is liable to
occur. According to the present invention, in place of estab-
lishing the connection with the current supply line using only
the auxiliary electrode formed on the through hole, the con-
tact electrode is formed in an overlapping manner with the
auxiliary electrode at the through hole and hence, it is pos-
sible to prevent the occurrence of conduction failure at the
contact portion.

In this manner, according to the present invention, it is
possible to suppress a phenomenon that a potential of the
upper electrode differs depending on a place and, at the same
time, it is possible to enhance reliability of conduction
between the current supply line and the upper electrode.
Accordingly, it is possible to provide a top-emission-type
organic BL display device which exhibits excellent unifor-
mity of brightness and high reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a display region of an organic EL,
display device according to an embodiment 1;

FIG. 2 is a cross-sectional view taken along a line A-A in
FIG. 1

FIG. 3 is a plan view of a periphery of the display region of
the organic EL display device according to the embodiment 1;

FIG. 4 isa cross-sectional view of a through hole portion of
the embodiment 1;

FIG. 5 is a view showing another embodiment of a cross-
sectional view taken along a line A-A in F1G. 1 of the embodi-
ment 1;

FIG. 6 is a cross-sectional view of the pixel structure of an
embodiment 2;

FIG. 7 isa cross-sectional view of a through hole portion of
the embodiment 2;

FIG. 8 is a plan view of a display region of an organic EL.
display device according to an embodiment 3; and

FIG.9isa cross-sectional view of a through hole portion of
the embodiment 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the present invention is explained in detail in
conjunction with embodiments.

Embodiment 1

FIG. 1is a plan view of a display region of a top-emission-
type organic EL display device according to the present
invention. FIG. 2 is across-sectional view taken along a line
A-AinFIG. 1. InFIG. 1,ared pixel 101, a green pixel 102 and
ablue pixel 103 are arranged sequentially in the lateral direc-
tion. The pixels having the same color are arranged in the
longitudinal direction. Each pixel includes an organic EL
layer 22 which emits color of red, green or blue. Each organic
EL layer 22 is covered with an IZO film which constitutes a
transparent electrode forming an upper electrode 23. The
transparent electrode may be also formed of an ITO film or
the like besides the IZO film.
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An auxiliary electrode 30 extends in the lateral direction
between the pixels and the pixels arranged in the longitudinal
direction. The auxiliary electrode 30 is formed on the upper
electrode 23 formed in a matted manner by mask vapor depo-
sition. In the present invention, the auxiliary electrode 30 is
formed by vapor deposition using a mask or sputtering and
hence, a photolithography step is unnecessary for forming the
auxiliary electrode 30 whereby the present invention is
advantageous in cost. A distance between the pixels and the
pixels in the longitudinal direction is approximately 25 um to
30 um. Accordingly, a width of the auxiliary electrode 30 is
smaller than the distance between the pixels and the pixels.
That is, the width of the auxiliary electrode 30 is set to 10 pm
to 15 pm. Vapor deposition of the auxiliary electrode 30
having such an extent of width becomes possible by mask
vapor deposition or sputtering.

Since it is necessary to set the resistance of the auxiliary
electrode 30 to a small value, the auxiliary electrode 30 is
formed using metal. As a material of the auxiliary electrode
30, Al, Al alloy, Zn, Mg or the like can be named. Since Al or
Al alloy exhibits low resistance, these materials can be pref-
erably used for forming the auxiliary electrode 30. Further,
these materials can be easily applied to the upper electrode 23
by vapor deposition, sputtering or the like. Zn can be applied
to the upper electrode 23 by resistance heating, induction
heating, EB vapor deposition or sputtering. Further, when Zn
is used as a material of the auxiliary line, the auxiliary line
exhibits black color and hence, the auxiliary line plays a role
of a black matrix thus contributing to the enhancement of
contrast of an image quality. Mg can be applied to the upper
electrode 23 by resistance heating, induction heating, EB
vapor deposition or sputtering.

By setting the sheet resistance on a display region after the
auxiliary lines are formed to 10 €/ or less, it is possible to
suppress a phenomenon that a potential of the upper electrode
23 differs depending on a place. In this case, the sheet resis-
tance is the sheet resistance of the combination of the auxil-
iary electrodes 30 and the upper electrodes 23. That is, the
sheet resistance is largely decreased compared to the sheet
resistance of a case in which only the upper electrodes 23 are
provided.

FIG. 2 is a cross-sectional view taken along a line A-A in
FIG. 1. In FIG. 2, a bottom-gate-type thin film transistor
(TFT) is formed on an element substrate 10 made of glass.
Although the bottom-gate-type TFT is used in the constitu-
tion shown in FIG. 2, as explained later, a top-gate-type TFT
may also be used.

In FIG. 2, a gate electrode 15 is formed on the element
substrate 10. A gate insulation film 14 made of SiN is formed
on the element substrate 10 so as to cover the gate electrode
15. A semiconductor layer 13 is formed over the gate elec-
trode 15. The semiconductor layer 13 forms a channel portion
of the TFT. Although a source electrode or a drain electrode
(SD electrode 17) is arranged on the semiconductor layer 13,
an n+51 layer not shown in the drawing is formed between the
semiconductor layer 13 and the SD electrode 17 for ensuring
an ohmic contact.

After etching a portion of the n+Si layer and a portion of the
semiconductor layer 13 of the channel portion by channel
etching, an organic passivation film 19 is formed. In FIG. 2,
the passivation film is constituted of only the organic passi-
vation film 19. However, there may bea case that an inorganic
passivation film 18 made of SiN or the like may be formed
below the organic passivation film 19. Since the organic pas-
sivation film 19 also plays a role of a leveling film, the organic
passivation film 19 has a large thickness of approximately 1 to
4 um.
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A reflection electrode 24 made of Al or Al alloy is formed
onthe organic passivation film 19. Since the present invention
relates to the top-emission-type organic EL display device, it
is necessary to radiate light from the organic EL layer 22 in
the direction opposite to the element substrate 10 and hence,
it is necessary to form the reflection electrode 24 on the
organic passivation film 19. A through hole is formed in the
organic passivation film 19 so as to make the reflection elec-
trode 24 and the SD electrode 17 of the TFT conductive with
each other.

The organic EL layer 22 of this embodiment corresponds to
atop-cathode-type display device. In this case, it is necessary
to use a lower electrode 21 having a large work function. Al or
Alalloy used as a material for forming the reflection electrode
24 has a relatively small work function and hence, Al or Al
alloy is not suitable as a material of an anode. Accordingly,
the lower electrode 21 made of IZ0 is formed on the reflection
electrode 24.

The organic EL layer 22 which emits light is formed on the
lower electrode 21. The organic EL layer 22 is, in general,
constituted of five layers consisting of a hole injection layer,
a hole transport layer, a light emission layer, an electron
transport layer, and an electron injection layer. The respective
layers of the organic EL layer 22 are extremely thin. Although
thicknesses of the respective layers differ depending on color
of emitted light, the thickness of the hole transport layer is
120 nm to 250 nm, the thickness of the light emission layer is
30 nm to 40 nm, the thickness of the electron transport layer
is 10 nm, and the thickness of the electron injection layer is
approximately 60 nm. In this manner, even when the organic
EL layeris formed by staking these five layers, the organic EL
layer is extremely thin. Accordingly, when a step portion
exists on a back ground, a broken step of the film easily
occurs.

To prevent such a broken step of the organic EL layer 22, a
bank 20 is formed between the respective pixels. The bank 20
is, in general, formed of an acrylic film, a polyimide film or
the like which constitutes an organic film. The bank 20 pre-
vents the organic EL layer 22 from being broken at an end
portion thereof due to a stepped portion.

A transparent conductive film made of IZ0 which consti-
tutes the upper electrode 23 is formed on the organic EL
layers 22. The 170 film is formed on the whole display part
including portions above the banks 20 by vapor deposition.
Light from the organic EL layer 22 is radiated to the outside
through the IZO film which constitutes the upper electrode 23
and hence, it is necessary to increase optical transmissivity of
the IZO film. Because of such a condition, the IZO film
cannot have a large film thickness and hence, the film thick-
ness of the IZ0 film is set to approximately 30 nm. Accord-
ingly, the sheet resistance of the IZ0 is high and hence, a
voltage drop of the upper electrode 23 is induced thus giving
rise to a phenomenon that a potential of the upper electrode
differs depending on a place.

To prevent such a voltage drop of the upper electrode 23,
the auxiliary electrode 30 is formed on the bank 20. This is
because so long as the auxiliary electrode 30 is formed on the
bank 20, there is no possibility that the auxiliary electrode 30
interrupts outputting of light from the organic EL layer 22. As
has been explained in conjunction with FIG. 1, the auxiliary
electrode 30 is formed in a laterally strip shape using metal
which exhibits low resistance. A film thickness of the auxil-
iary electrode 30 is approximately 150 nm and hence, the film
thickness of the auxiliary electrode 30 is large compared to
the film thickness of the upper electrode 23. Further, the
auxiliary electrode 30 is made of metal and hence, the auxil-
iary electrode 30 exhibits extremely small resistivity com-
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pared to resistivity of the upper electrode 23 made of metal
oxide. Accordingly, it is possible to prevent the voltage drop
of the upper electrode 23 with the use of the auxiliary elec-
trode 30.

The auxiliary electrode 30 requires a contact portion for
supplying an electric current to the upper electrode 23. In this
embodiment, as shown in FIG. 3, the contact portion is
arranged outside the display part in the lateral direction. In the
contact portion, it is necessary to form a though hole in an
insulation film and to connect the auxiliary electrode 30 and
acurrent supply line 175 with each other via the through hole.
Accordingly, the reliability of the through hole portion is
important.

In this embodiment, in the contact portion, in addition to
the auxiliary electrode 30, a contact electrode 40 is separately
formed by vapor deposition or sputtering thus enhancing the
reliability of the through hole portion. FIG. 4 is a cross-
sectional view taken along aline A-A in FIG. 3. InFIG. 4, the
gate insulation film 14 is formed on the element substrate 10.
The current supply line 175 is formed on the gate insulation
film 14. The current supply line 175 is arranged on the same
layer as the SD electrode 17 and is formed simultaneously
formed with the SD electrode 17.

The organic passivation film 19 is formed on the current
supply line 175, and the through hole is formed in the organic
passivation film 19 so as to connect the auxiliary electrode 30
and the current supply line 175. Firstly, an IZO film which
constitutes the upper electrode 23 is formed by vapor depo-
sition so as to cover the through hole portion. Then, the
auxiliary electrode 30 is formed on the upper electrode 23 by
vapor deposition or sputtering.

However, a film thickness of the upper electrode 23 is
approximately 30 nm, and a film thickness of the auxiliary
electrode 30 is approximately 150 nm. On the other hand, a
film thickness of the organic passivation film 19 is 1 um to 4
pm, and is approximately 3 pm in many cases and hence, the
film thickness of the organic passivation film 19 is extremely
large.

Due to such constitution, the formed through hole is
extremely deep and hence, when a broken step occurs on the
upper electrode 23 or the auxiliary electrode 30, there may be
a case that the sufficient conduction cannot be acquired. Par-
ticularly, an electric current is supplied to many pixels in the
contact portion and hence, an amount of an electric current
which flows in the contact portion is large thus easily giving
riseto a drawback onreliability of the display device when the
resistance at the through hole portion increased.

In the present invention, to overcome such a drawback, as
shown in FIG. 4, in the contact portion, the contact electrode
40 made of metal is further formed on the auxiliary electrode
30. A film thickness of the contact electrode 40 is set larger
than a film thickness of the auxiliary electrode 30. Further, in
the vicinity of the through hole, the contact electrode 40 is
also made larger than the auxiliary electrode 30 in a planar
shape. By forming the contact electrode 40 using Al, Al alloy,
Zn, Mg or the like which is equal to a material of the auxiliary
electrode 30, a process for forming the contact electrode 40
can be simplified. However, the contact electrode 40 may be
made of metal different from these metals.

By additionally forming the contact electrode 40 in the
contact portion as in the case of this embodiment, the present
invention can acquire an advantageous effect that a shape of
the contact portion can be freely selected. For example, a
width of the auxiliary line in the display region is restricted
and hence, it is not possible to set the film thickness of the
contact electrode 40 to an extremely large value. However,
the film thickness of the contact electrode 40 in this embodi-
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ment can be changed depending on the degree of demand for
reliability. Further, a pattern ofthe contact electrode 40 can be
increased and hence, a planar shape of the contact electrode
40 can be also freely set depending on a demand with respect
to the display device.

In FIG. 3 and F1G. 4, the contact electrode is formed above
the auxiliary electrode in the contact portion. As an opposite
case, the auxiliary electrode may be formed below the contact
electrode. The same goes for an embodiment 2 and an
embodiment 3 described layer.

FIG. 5 shows the example in which the auxiliary line is
formed on the IZO film which constitutes the upper electrode
23 formed on the bank 20 by vapor deposition or sputtering.
This embodiment is not limited to such an example and, as
shown in FIG. 5, firstly, the auxiliary electrode 30 may be
formed on the bank 20 by vapor deposition and the 170 film
which constitutes the upper electrode 23 maybe formed on
the auxiliary electrode 30 by vapor deposition. In this
example, both of the auxiliary electrode 30 and the upper
electrode 23 are formed by vapor deposition and photolithog-
raphy is not used and hence, there arises no problem even
when either one of the auxiliary electrode 30 and the upper
electrode 23 is formed first. Other constitutions of this
example are equal to corresponding constitutions in the
example where the auxiliary electrode 30 is formed above the
upper electrode 23.

Embodiment 2

The present invention is, so long as the organic EL display
device is the top-emission-type organic EL display device,
applicable to irrespective of whether the organic EL layer 22
is of atop anode type or of a top cathode type and irrespective
of whether the TFT is of a bottom gate type or of a top gate
type. This embodiment is an example in which the present
invention is applied to the case where the TFT is of a top gate
type and the organic EL layer 22 is of a top anode type. FIG.
6 is a cross-sectional view of a pixel portion of this embodi-
ment. FIG. 6 corresponds to a cross-sectional view taken
along a line B-B in FIG. 1.

In FIG. 6, a first background film 11 made of SiN and a
second background film 12 made of SiO2 are formed on an
element substrate 10. These background films 11, 12 are
provided for preventing impurities from a glass substrate
from contaminating a semiconductor layer 13. The semicon-
ductor layer 13 is formed on the second back ground film 12.
With respect to the semiconductor layer 13, after forming an
a-Sifilm by CVD, the a-Sifilm is converted into a poly-Si film
by radiation of laser beams.

A gate insulation film 14 made of Si02 is formed so as to
cover the semiconductor layer 13. A gate electrode 15 is
formed at a position where the gate electrode 15 faces the
semiconductor layer 13 in an opposed manner with the gate
insulation films 14 sandwiched therebetween. Using the gate
electrode 15 as a mask, impurities such as phosphorous or
boron are implanted into the semiconductor layer 13 thus
imparting conductivity to the semiconductor layer 13
whereby a source portion or a drain portion is formed in the
semiconductor layer 13.

Aninterlayer insulation film 16 made of SiO2 is formed so
as to cover the gate electrode 15. The interlayer insulation
film 16 is provided for ensuring insulation between the gate
line or the gate electrode 15 and a drain line 171. The drain
line 171 is formed on the interlayer insulation film 16. The
drain line 171 is connected with the drain of the semiconduc-
tor layer 13 via through hole formed in the interlayer insula-
tion film 16 and the gate insulation film 14.
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Thereafter, to protect the TFT, an inorganic passivation
film 18 made of SiN is formed. An organic passivation film 19
is formed on the inorganic passivation film 18. The organic
passivation film 19 plays a role of more completely protecting
the TFT together with the inorganic passivation film 18 and,
at the same time, plays a role of leveling a surface on which
the organic EL layer 22 is formed. Accordingly, the organic
passivation film 19 has a large thickness of 1 to 4 um.

A reflection electrode 24 made of Al or Al alloy is formed
on the organic passivation film 19. Since Al or Al alloy exhib-
its high reflectance, Al or Al alloy is preferable as a material
of the reflection electrode 24. The reflection electrode 24 is
connected with the drain line 171 via a through hole formed in
the organic passivation film 19 and the inorganic passivation
film 18.

This embodiment provides the top-anode-type organic EL
display device and hence, a lower electrode 21 of the organic
EL layer 22 constitutes a cathode. Accordingly, Al or Al alloy
used for forming the reflection electrode 24 is also used for
forming the lower electrode 21 of the organic EL layer 22.
This is because Al or Al alloy has a relatively small work
function and hence, Al or Al alloy can be used for forming a
part which functions as a cathode.

The organic EL layer 22 is formed on the lower electrode
21. In this embodiment, the order of stacked layers of the
organic EL layer 22 differs from the corresponding order of
the stacked layers of the organic EL layer 22 of the embodi-
ment 1. That is, the organic EL layer 22 is constituted of an
electron injection layer, an electron transport layer, a light
emission layer, a hole transport layer, and a hole injection
layer from below. An upper electrode 23 which constitutes a
cathode is formed on the organic EL layer 22. Also in case of
the top-anode-type organic EL display device, [ZO can be
used for forming the upper electrode 23. In a display region,
an [Z0 film is formed over the whole display region by vapor
deposition without using a mask. In the same manner as the
embodiment 1, a thickness of the IZO film is set to approxi-
mately 30 nm for maintaining optical transmissivity.

In the same manner as the embodiment 1, to prevent the
rupture of the organic EL layer 22 at an end portion thereof by
abroken step, a bank 20 is formed between pixels and pixels.
Further, the planar structure of the pixel is substantially equal
to the planar structure of the pixel shown FIG. 1 of the
embodiment 1. In the same manner as the structure shown
FIG. 2 and FIG. 5, the auxiliary electrode 30 in this embodi-
ment can be formed above the bank 20 and either above or
below the upper electrode 23.

Further, in the same manner as the structure shown in FIG.
3, a contact portion with a current supply line 175 is also
formed outside the display region in the lateral direction. FIG.
7 is a cross-sectional view of a contact portion of this embodi-
ment. FIG. 7 shows a cross section corresponding to the cross
section taken along a line A-A in FIG. 3. In FIG. 7, the first
background film 11 and the second background film 12 are
formed on the element substrate 10. The gate insulation film
14 and the interlayer insulation film 16 are formed on these
background films 11, 12. Functions, materials and the like of
the respective layers of this embodiment are equal to the
functions, materials and the like of the respective layers
explained in conjunction with FIG. 6.

The current supply line 175 is provided on the interlayer
insulation film 16. The current supply line 175 is arranged on
the same layer as the drain line and is formed simultaneously
with the drain line. The inorganic passivation film 18 is
formed so as to cover the current supply line 175, and the
organic passivation film 19 is formed on the inorganic passi-
vation film 18. The auxiliary electrode 30 extends over the
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organic passivation film 19. In this embodiment, outside the
display region, an acrylic resinor polyimide resin for forming
the bank is removed.

A through hole is formed in the organic passivation film 19
and the inorganic passivation film 18 for connecting the aux-
iliary electrode 30 and the current supply line 175 with each
other. An IZO film which constitutes an upper electrode is
formed by vapor deposition so as to cover the through hole
and, thereafter, the auxiliary electrode 30 is formed by vapor
deposition or sputtering thus connecting the upper electrode
23 and the current supply line 175. To ensure the more reliable
connection at the through hole portion, the contact electrode
40 is formed so as to cover the auxiliary electrode 30 at the
through hole portion. In the same manner as the embodiment
1, the contact electrode 40 is formed by mask vapor deposi-
tion or sputtering.

The contact electrode 40 is made of metal and has a film
thickness which is larger than a film thickness of the auxiliary
electrode 30. Accordingly, it is possible to ensure the conduc-
tion between the current supply line 175 and the upper elec-
trode 23 in the contact hole. In this manner, this embodiment
is applicable without any problem irrespective of whether the
organic EL layer 22 is of a top anode type or of a top cathode
type or irrespective of whether the TFT is of a bottom gate
type or of a top gate type. Further, in either case, it is possible
to realize a highly reliable top-emission-type organic EL
display device which can exhibit uniform screen brightness.

Embodiment 3

In the embodiment 1 and the embodiment 2, the supply of
the electric current to the auxiliary electrodes 30 is collec-
tively performed by providing a bus-like contact electrode 40
outside the display region in the lateral direction. The present
invention is not limited to such cases, and is also applicable to
a case in which the current supply line 175 and the auxiliary
electrodes 30 are connected with each other within the dis-
play region. FIG. 8 is a plan view of the display region of this
embodiment.

InFIG. 8, the pixels are arranged in the same manner as the
pixels shown in FIG. 1. Further, the auxiliary electrodes 30
extend in the lateral direction on the screen in the same
manner as the auxiliary electrodes 30 shown in FIG. 1. The
embodiment 3 shown in FIG. 8 differs form the embodiment
1 showninFIG. 1 with respect to a point that the contact of the
auxiliary electrodes 30 and the current supply line is arranged
within the display region. In FIG. 8, the contact portion is
formed at an intermediate point between pixels. This is
because a space for forming a through hole can be easily
ensured in such a portion. The through hole is formed in a
bank 20.

In FIG. 8, the contact portion is formed in all auxiliary
electrodes 30 in the longitudinal direction, while the contact
portion is formed for every five pixels in the lateral direction.
Intervals of the formation of the contact portions may be
determined based on the degree of difference in potentials of
the upper electrodes 23 which is determined based ona size of
ascreen or the like. A width of the contact portion is set larger
than a width of the auxiliary electrode 30. Such width setting
is made to suppress the increase of resistance at the through
hole portion as much as possible. Further, a width of the
contact electrode 40 which is formed at the through hole in an
overlapping manner with the auxiliary electrode 30 is set
larger than a width of the auxiliary electrode 30 at a place
other than the through hole.

FIG. 9 is a cross-sectional view taken along a line A-A in
FIG. 8. A cross section shown in FIG. 9 corresponds to a cross
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section when the top-gate-type TFT is formed as shown in
FIG. 6. That is, on an element substrate 10 made of glass, a
first background film 11, a second background film 12, a gate
insulation film 14, and an interlayer insulation film 16 are
formed. Further, a current supply line 175 is formed in the
interlayer insulation film 16. An inorganic passivation film 18
and an organic passivation film 19 are formed so as to cover
the current supply line 175. Further, in view of the relation-
ship that an auxiliary line is formed on the bank 20, in FIG. 9,
the bank 20 is formed on the organic passivation film 19.

A through hole is formed in the bank 20, the organic pas-
sivation film 19 and the inorganic passivation film 18 in a
penetrating manner. Such a through hole is formed for con-
necting the auxiliary line and the current supply line 175 with
each other. Since the through hole is formed in the bank 20 in
this embodiment, the through hole becomes extremely deep.
That is, when the bank 20 is formed of an organic film, a film
thickness of the bank 20 is approximately 2 um, a film thick-
ness of the organic passivation film 19 is approximately 3 pm,
and a film thickness of the inorganic passivation film 18 is
approximately 0.4 pm and hence, the film thickness in total
becomes a large thickness of 5.4 um. That is, a depth of the
through hole becomes 5.4 pm. In spite of the necessity for
forming such a deep through hole, in view of the relationship
that the through hole is formed in the bank 20, a profile of the
through hole is limited. As a result, a taper angle 6 of the
through hole becomes large. When the taper angle of the
through hole is large, a broken step of a conductive film is
liable to occur at the through hole portion.

InFIG. 9, an upper electrode 23 is formed so as to cover the
through hole. Since a film thickness of the upper electrode 23
1s 30 nm, such a deep through hole may easily cause a broken
step thus giving rise to conduction failure. The auxiliary
electrode 30 is formed on the through hole so as to cover the
upper electrode 23. A thickness of the auxiliary electrode 30
1s 150 nm. However, with such an extent of film thickness, it
is not easy to ensure the conduction at the through hole having
the large taper angle 0 and a large depth of 5.4 um. Accord-
ingly, it is difficult to acquire the reliable conduction at the
through hole portion only with the auxiliary electrode 30.

According to the present invention, as shown in FIG. 9, a
contact electrode 40 having a thickness larger than a thickness
of the auxiliary electrode 30 is formed on the through hole
portion so as to cover the auxiliary electrode 30. The contact
electrode 40 is formed using metal. For example, the contact
electrode 40 may be formed using the same material as the
auxiliary electrode 30 such as Al, Al alloy, Zn or Mg. In this
manner, according to this embodiment, by forming the con-
tactelectrode 40 made of metal and having the large thickness
in a contact portion, it is possible to stabilize the conduction
resistance at the through hole. In this embodiment, by sup-
plying an electric current to a display region such that the
electric current is supplied to the upper electrodes 23 via the
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current supply line 175 and the auxiliary electrodes 30, the
potential of the upper electrode 23 can be made more uniform
compared to the case of the embodiment 1. Further, since the
through hole resistance can be stabilized by the contact elec-
trode 40 in the contact portion, the screen brightness can be
made moreuniform and, at the same time, the reliability of the
organic EL display device can be further increased.

What is claimed is:

1. An organic EL display device having a display region on
which pixels each having an organic EL layer sandwiched by
an upper electrode and a lower electrode are arranged in a
matrix array, wherein

the upper electrode is formed of a transparent electrode, an

auxiliary electrode which is conductive with the upper
electrode extends between the pixels and the pixels, the
auxiliary electrode is connected with a current supply
line which supplies an electric current to the upper elec-
trode via a through hole formed in an insulation layer
outside the display region, and

a contact electrode is formed on the through hole in an

overlapping manner with the auxiliary electrode, and the
contact electrode is configured to cover the plurality of
through heles in common.

2. An organic EL display device according to claim 1,
wherein the auxiliary electrode is formed by mask vapor
deposition or mask sputtering, and the contact electrode is
formed by mask vapor deposition or mask sputtering.

3. An organic EL display device having a display region on
which pixels each having an organic EL layer sandwiched by
an upper electrode and a lower electrode are arranged in a
matrix array, wherein

the upper electrode is formed of a transparent electrode, an

auxiliary electrode which is conductive with the upper
electrode extends between the pixels and the pixels, the
auxiliary electrode is connected with a current supply
line which supplies an electric current to the upper elec-
trode via a through hole formed in an insulation layer
within the display region and between the pixels and the
pixels,

a contact electrode is formed on the through hole in an

overlapping manner with the auxiliary electrode, and
awidth of the contact electrode is set larger than a width of
the auxiliary electrode.

4. An organic EL display device according to claim 3,
wherein a bank is formed between the pixels and the pixels,
the auxiliary electrode is formed on the bank, and the through
hole is formed in the bank and other insulation layer in a
penetrating manner.

5. An organic EL display device according to claim 3,
wherein the auxiliary electrode is formed by mask vapor
deposition or mask sputtering, and the contact electrode is
formed by mask vapor deposition or mask sputtering.
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