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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese applications JP 2009-204981 filed on Sep. 4, 2009, and
JP 2010-178791 filed on Aug. 9, 2010, the contents of which
are hereby incorporated by reference into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a top-emission-type
organic electroluminescence display device.

[0004] 2. Description of the Related Art

[0005] Inatop-emission-type organic electroluminescence
display device which uses organic light emitting elements
(OLED: Organic Light Emitting Diodes), there is a case
where a silver layer stacked like a thin film is used for decreas-
ing the electric resistance of an upper electrode which sup-
plies a potential to a light emitting layer of each organic light
emitting element. Although silver is a material which absorbs
light little and possesses high reflectance, by stacking a thin-
film-like silver layer above the light emitting layer, light can
be taken out of a top side (upper side) of the organic elec-
troluminescence display device while decreasing the electric
resistance of the upper electrode.

[0006] JP 2004-327414 A discloses a technique where a
buffer layer which includes a transparent material, metal or
the like is provided between an organic electroluminescence
layer and an upper electrode.

SUMMARY OF THE INVENTION

[0007] However, silver exhibits high aggregation property
and hence, when asilver layer is formed into a thin film shape,
there arises a case where the disconnection of an upper elec-
trode occurs. On the other hand, for example, when a thick-
ness of the silver layer is increased to make the occurrence of
the disconnection difficult, a quantity of light which is taken
out of a top side of the organic electroluminescence display
device is decreased. Further, although the aggregation prop-
erty of silver is suppressed by increasing the concentration of
impurities in a silver layer with an addition of magnesium or
the like, there arises the decrease of a transmission light
quantity, the increase of the electric resistance or the like.
Further, depending on a kind of impurity or an addition quan-
tity of impurity, an optical characteristic or an electric char-
acteristic changes sensitively thus making the manufacture of
the organic electroluminescence display device difficult.
[0008] Further, the disconnection of the upper electrode
attributed to the aggregability of silver occurs between a
power source part and a display region in an organic elec-
troluminescence display device in many cases.

[0009] The present invention has been made to overcome
the above-mentioned drawbacks, and it is an object of the
present invention to provide an organic electroluminescence
display device which can decrease the electric resistance ofan
upper electrode while maintaining required light transmis-
sion quantity by using a thin silver film in forming the upper
electrode, and can make the disconnection of the upper elec-
trode scarcely occur between a power source part and a dis-
play region.
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[0010] To overcome the above-mentioned drawbacks,
according to a first aspect of the present invention, there is
provided an organic electroluminescence display device
which includes: a display region which is formed over a
substrate and in which a plurality of pixels are arranged; and
a power source part which is arranged in a spaced-apart
manner from the display region and outside the display region
and supplies a potential to the plurality of pixels, wherein
each of the plurality of pixels includes: a lower electrode; a
light emitting layer which is stacked above the lower elec-
trode; and an upper electrode which includes a thin silver film
and is formed by a layer shared in common by other pixels
above the light emitting layer, the upper electrode extends
toward the power source part from the display region and is
electrically connected to the power source part, the thin silver
film has a portion which is arranged between the display
region and the power source part, and a background layer
containing an electron pair donor is arranged as a background
of at least a portion of the thin silver film between the display
region and the power source part.

[0011] According to the organic electroluminescence dis-
play device of one aspect of the present invention, the plural-
ity of pixels may further include an electron injection layer
which is arranged between the light emitting layer and the
upper electrode, and the background layer may be formed
using the same material as the electron injection layer.
[0012] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
plurality of pixels may further include an electron transport
layer which is arranged between the light emitting layer and
the upper electrode, and the background layer may be formed
using the same material as the electron injection layer.
[0013] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
organic electroluminescence display device may further
include a protective layer for protecting the substrate, and the
background layer may be formed by the protective layer
which contains an electron pair donor.

[0014] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
protective layer maybe formed using polyimide which con-
tains pyrrolidinedione, and nitrogen atoms of pyrrolidinedi-
one may have unshared electron pairs on a surface of the
protective layer which is in contact with the thin silver film.
[0015] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
protective layer may contain polyimide, and the background
layer may be formed by applying ultraviolet treatment to the
protective layer.

[0016] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
electron injection layer may contain at least one of alkali
metal and alkaline-earth metal.

[0017] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
electron transport layer may contain at least one of alkali
metal and alkaline-earth metal.

[0018] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
background layer may supply electron pairs to silver atoms in
the thin silver film.

[0019] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
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upper electrode may further include a transparent conductive
film, and the transparent conductive film may be stacked on
the thin silver film.

[0020] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
transparent conductive film may extend toward the power
source part from the display region and is brought into contact
with the power source part.

[0021] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the
organic electroluminescence display device may further
include a sealing film which covers the display region and the
power source part, the sealing film may be arranged above the
thin silver film, and the thin silver film may extend toward the
power source part from the display region and is electrically
connected to the power source part.

[0022] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the thin
silver film may extend toward the power source part from the
display region and may be electrically connected to the power
source part, and the background layer which is arranged as the
background of at least the portion of the thin silver film may
be formed so as to reach to the power source part from the
display region.

[0023] To overcome the above-mentioned drawbacks,
according to a second aspect of the present invention, there is
provided an organic electroluminescence display device
which includes: a display region which is formed over a
substrate and in which a plurality of pixels are arranged; and
a power source part which is arranged in a spaced-apart
manner from the display region and outside the display region
and supplies a potential to the plurality of pixels, wherein
each of the plurality of pixels includes: a lower electrode; a
light emitting layer which is formed over the lower electrode;
an electron injection layer which is formed over the light
emitting layer and contains at least one of alkali metal and
alkaline-earth metal, and an upper electrode which is formed
over the electron injection layer, wherein the electron injec-
tion layer and the upper electrode are respectively formed by
a layer shared in common by the plurality of pixels, the upper
electrode includes a thin silver film which is stacked on the
electron injection layer and a transparent conductive film
which is stacked on the thin silver film, the thin silver film and
the electron injection layer respectively include a portion
which extends toward the power source part from the display
region, and the transparent conductive film is stacked so as to
cover respective extending portions of the electron injection
layer and the thin silver film whereby the transparent conduc-
tive film is electrically connected to the power source part.

[0024] According to the organic electroluminescence dis-
play device of one aspect of the present invention, the thin
silver film may be a thin pure-silver film having purity of 99%
or more.

[0025] According to the organic electroluminescence dis-
play device of another aspect of the present invention, the thin
silver film and the electron injection layer may extend beyond
an intermediate position between the power source part and
the display region.

[0026] According to the present invention, it is possible to
provide the organic electroluminescence display device
which can decrease the electric resistance of the upper elec-
trode while maintaining required light transmission quantity
by using the thin silver film in forming the upper electrode,
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and can make the disconnection of the upper electrode
scarcely occur between the power source part and the display
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1A is a view showing a cross section of an
organic electroluminescence display device according to a
first embodiment;

[0028] FIG. 1B is a view showing a cross section of an
organic electroluminescence display device according to a
modification of the first embodiment;

[0029] FIG.2A is a schematic plan view of a TFT substrate
according to the first embodiment;

[0030] FIG. 2B is a schematic plan view of a TFT substrate
according to the modification of the first embodiment;
[0031] FIG. 3 is a view showing a cross section of an
organic electroluminescence display device according to a
second embodiment;

[0032] FIG. 4 is a view showing a cross section of an
organic electroluminescence display device according to a
third embodiment;

[0033] FIG. 5 is a view showing a cross section of an
organic electroluminescence display device according to a
fourth embodiment;

[0034] FIG. 6A is a schematic plan view of a TFT substrate
according to the fourth embodiment;

[0035] FIG. 6B is a view showing a first modification of the
organic electroluminescence display device according to the
fourth embodiment;

[0036] FIG. 6C is a view showing a second modification of
the organic electroluminescence display device according to
the fourth embodiment; and

[0037] FIG. 7 is a view showing a cross section of an
organic electroluminescence display device according to a
fifth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Hereinafter, organic electroluminescence display
devices according to respective embodiments of the present
invention are explained in conjunction with drawings.

First Embodiment

[0039] An organic electroluminescence display device
according to a first embodiment of the present invention is a
top-emission type organic electroluminescence display
device which is constituted of a TFT substrate which is
formed by arranging organic electroluminescence elements
on a glass substrate in a matrix array and a sealing substrate
which is laminated to the TFT substrate and seals a region
where the organic electroluminescence elements are
arranged, wherein a display region on which an image is
displayed is formed over a sealing substrate side.

[0040] On the TFT substrate, a large number of scanning
signal lines are mounted at an equal interval from each other
and, at the same time, a large number of video signal lines are
mounted at an equal interval from each other in the direction
perpendicular to the direction that the scanning signal lines
are mounted. In each of pixel regions defined by these scan-
ning signal lines and the video signal lines, a thin film tran-
sistor having the MIS (Metal-Insulator-Semiconductor)
structure used for switching, a storage capacitance and an
organic electroluminescence element are arranged. Further,
ananode electrode and a cathode electrode are formed in such
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a manner that a light emitting layer in each pixel is sand-
wiched between the anode electrode and the cathode elec-
trode. A potential difference is generated between these elec-
trodes in accordance with signals supplied from the scanning
signal line and the video signal line, and electrons or holes are
supplied to the light emitting layer thus inducing the emission
of light.

[0041] FIG. 1A shows a cross section of the organic elec-
troluminescence display device according to the first embodi-
ment. As shown in the drawing, the TFT substrate is consti-
tuted by forming the thin film transistors on a glass substrate
GA1 in a matrix array, and organic films EL are patterned in
a matrix array corresponding to the arrangement of the thin
film transistors. Further, a transparent sealing substrate GA2
is laminated to the TFT substrate and, at the same time, a
sealing film SR is filled in a space defined between the TFT
substrate and the sealing substrate GA2 thus sealing the dis-
play region DR where the organic film EL is formed for every
pixel. The organic films EL of the respective pixels are iso-
lated from each other by a bank layer BA. The bank layer BA
is a pixel separation film which is formed in a frame shape
corresponding to partitioning of the pixels in the display
region DR. The display region DR in this embodiment is, as
shown in FIG. 1A, a region where the plurality of pixels are
arranged, and is also a region of a range in which the bank
layer BA is included. Each one of the pixels arranged in the
display region DR includes a lower electrode An, the organic
film EL including a light emitting layer, and an upper elec-
trode having a thin silver film AG, wherein these members are
formed in order of the lower electrode An, the organic film EL,
and an upper electrode from a substrate GA1 side.

[0042] In this embodiment, as shown in FIG. 1A, holes are
supplied to the organic film EL of each pixel from the lower
electrode An (anode electrode) which is connected to the thin
film transistor on a TFT substrate SB. On the other hand, the
upper electrode (cathode electrode) which is constituted of
the thin silver film AG is formed over the organic film EL, and
an electron injection layer EIL is formed below the upper
electrode in an interposed manner between the upper elec-
trode and the organic film EL thus supplying electrons to the
organic film EL of each pixel. The electron injection layer
EIL in this embodiment is formed including a layer which is
shared in common by a plurality of pixels. The bank layer BA
and the respective organic films EL in the display region DR
are covered in common with the electron injection layer EIL.
Further, in the same manner as the electron injection layer
EIL, the thin silver film AG is formed of a layer which is
shared in common by a plurality of pixels so that the upper
electrodes of the respective pixels are continuously connected
to each other.

[0043] In a region outside the display region DR, a power
source part CC (cathode contact) which supplies a potential to
aplurality of pixels is arranged in a spaced-apart manner from
the display region DR. Here, to supply a potential to each
pixel via the upper electrode, the upper electrode extends
toward the power source part CC from the display region DR
and is connected to the power source part CC electrically.
Further, a fixed potential is supplied to the power source part
CC from an external terminal TE provided outside the sealing
substrate GA2. As shown in FIG. 1A, the power source part
CC is electrically connected to the external terminal TE via a
metal layer embedded in a protective layer PAS below a
portion of the power source part CC on which the sealing
substrate GA2 is mounted.
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[0044] In this embodiment, the thin silver film AG has a
portion which is arranged between the display region DR and
the power source part CC, and the thin silver film AG extends
to the power source part CC from the display region DR, goes
over the power source part CC and is brought into contact
with the power source part CC. Particularly, as shown in FIG.
1A, the electron injection layer EIL also extends toward the
power source part CC from the display region DR in the same
manner, and the electron injection layer EIL is arranged on at
least a portion of a background of the thin silver film AG
between the display region DR and the power source part CC.

[0045] Further, in this embodiment, the thin silver film AG
which is used as the upper electrode has a thickness of 8 nm
ormoreand 20 nm or less, preferably, 8 nm or more and 15 nm
orless, and more preferably, 10 nm or more and 14 nm or less.
The thin silver film AG having such a thickness functions as
a half mirror so that light emitted from the organic film EL is
taken out on a top side which is a sealing substrate GA2 side.
The thin silver film AG may be formed with a thickness which
ensures a quantity of light taken out on a top side. Further,
when a composition rate of silver in the thin silver film AG is
80 percent by weight or more, the continuity of the film is
lowered due to aggregation property of silver so that the
disconnection of the thin silver film AG is liable to occur.
When the purity of silver is further enhanced, the disconnec-
tion of the thin silver film AG or the like is more liable to
occur.

[0046] The electron injection layer EIL according to this
embodiment has a thickness of approximately 30 nm. The
electron injection layer EIL has a function of receiving elec-
tron from the thin silver film AG which constitutes the upper
electrode and a function of carrying the electrons to the
organic film EL which includes the light emitting layer. Each
one of the organic films EL separated by the bank layer BA is
constituted of one-or-more-layered functional organic mate-
rials and, for example, the organic film EL includes a light
emitting layer which contains a host material and a dopant
material and emits light, a hole transport layer and a hole
injection layer.

[0047] Particularly, an organic material having electron
transportability which is contained in the electron injection
layer EIL is an electron pair donor, and supplies electron pairs
to silver atoms. The electron injection layer EIL extends
toward the power source part CC from the display region DR,
and is arranged as a background layer of the thin silver film
AG. Accordingly, the background layer in this embodiment is
formed of the same material as the electron injection layers
EIL of the plurality of pixels in the display region DR. Here,
the electron pair donor is a donor which includes unshared
electron pairs (lone-pair electrons). It is considered that, due
to chemical bonding between the unshared electron pairs of
the electron pair donor which constitutes the background
layer and silver atoms of the thin silver film AG, the silver
atoms are formed in a diffused manner above the background
layer so that the manifestation of aggregation property of the
thin silver film is suppressed.

[0048] Further, as the organic material having electron
transportability which is the electron pair donor and is con-
tained in the electron injection layer EIL, for example, an
oxadiazole derivative, an oxazole derivative, a thiazole
derivative, a thiadiazole derivative, a pyridine derivative, a
pyrazine derivative, a triazole derivative, a triazine derivative,
a quinoline derivative, a quinoxaline derivative, a phenan-
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throline derivative and the like are named. However, the
organic material is not limited to these materials.

[0049] Further, the electron injection layer EIL may not
always contain the above-mentioned organic material having
electron transportability. In this case, for example, the elec-
tron injection layer EIL contains alkali metal, alkaline-earth
metal or a compound of these metals. By adding alkali metal
or the like to the electron injection layer EIL, the organic
material on a surface of the electron injection layer EIL con-
stitutes the electron pair donor so that lone electron pairs are
supplied to silver atoms thus suppressing the manifestation of
aggregation property. Since the electron injection layer EIL is
doped with a material which exhibits high electron density
such as alkali metal, electrons are injected into the organic
film EL through alkali metal or the like. Further, the electron
injection layer EIL which contains the above-mentioned oxa-
diazole derivative or the like may further contain alkali metal
or the like.

[0050] FIG. 2A is a schematic plan view of the glass sub-
strate GA1 (TFT substrate SB) according to this embodiment
on which the display region DR is formed. FIG. 2A shows a
state where the sealing substrate GA2 of the organic elec-
troluminescence display device is not adhered. As shown in
the drawing, the electron injection layer EIL is stacked in such
a manner that the electron injection layer EIL covers the
whole area of the display region DR in which the organic
films EL are formed in a matrix array. The thin silver film AG
is stacked in such a manner that the thin silver film AG covers
the whole area of the display region DR, extends toward the
power source part CC from the display region DR, and is
electrically connected to the power source part CC. Accord-
ingly, the electron injection layer EIL is arranged on at least a
portion of a background of the thin silver film AG between the
display region DR and the power source part CC and hence,
the aggregation of the thin silver film AG is suppressed.
[0051] By arranging the background layer made of the
same material as the electron injection layer EIL on at least a
portion of the thin silver film AG between the power source
part CC and the display region DR, a contact area between the
protective layer PAS formed using silicon nitride (SiN) or the
like and the thin silver film AG is reduced thus suppressing the
disconnection attributed to the aggregation of the thin silver
film AG.

[0052] Also in this embodiment, it is desirable that the
electron injection layer EIL extends to reach at least an inter-
mediate point between the power source part CC and the
display region DR. It is more preferable that the electron
injection layer EIL extends toward the power source part CC
from the display region DR not less than a length which is
three quarters of a distance between the power source part CC
and the display region DR. A line P in FIG. 1A and indicates
the intermediate point between the power source part CC and
the display region DR. As shown in FIG. 1A, the electron
injection layer EIL in this embodiment extends exceeding the
position which constitutes the line P, and is formed in a
spaced-apart manner from the power source part CC.

[0053] A manufacturing method of the organic electrolu-
minescence display device according to this embodiment is
explained hereinafter.

[0054] Firstly, by repeating processing such as stacking and
patterning of the colored conductive films made of aluminum
or the like, the semiconductor films and the insulation films
on the glass substrate GA1, the TFT substrate SB which
includes the scanning signal lines, the video signal lines, the
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thin film transistors and the like is formed. The protective
layer PAS is stacked on the TFT substrate SB using silicon
nitride or the like for protecting these thin film transistors and
thelike and for leveling the TFT substrate. Next, in each pixel,
the lower electrode An is formed using a material which
possesses a high work function such as ITO and metal such as
silver or aluminum having high reflectance as a reflective
film. As shown in FIG. 1A, the lower electrode An is electri-
cally connected to the thin film transistor, and a current and a
voltage applied to the lower electrode An are controlled indi-
vidually. After the formation of the lower electrode An, the
bank layer BA is formed so as to define the respective pixel
regions in a grid array. The organic film EL is formed by a
mask vapor deposition method which uses a shadow mask in
a region defined by the bank layer BA such that a functional
organic material corresponding to light emitting color in each
pixel is selectively formed over the lower electrode An.

[0055] Thereafter, on the organic film EL which is selec-
tively formed in each pixel, the electron injection layers EIL
are formed over the whole area of the display region DR such
that the electron injection layers EIL have a film thickness in
common among respective colors and are made of a material
in common among respective colors, and the thin silver film
AG is formed over the electron injection layers EIL by a vapor
deposition method. The electron injection layers EIL are
formed by vapor-depositing an organic material having elec-
tron transporting property. Further, when the electron injec-
tion layer EIL contains any one of alkali metal, alkaline-earth
metal and a compound of these metals, the electron injection
layers EIL are formed by simultaneously evaporating the
organic material having electron transporting property and
the alkali metal or the like. Then, by laminating the sealing
substrate GA2 which is provided for dehumidifying the dis-
play region DR or the like to the TFT substrate SB together
with the sealing film SR so that the organic film EL is pro-
tected from the outside air.

[0056] In this embodiment, the sealing film SR is filled
between the sealing substrate GA2 and the TFT substrate SB
and hence, the disconnection of the thin silver film AG is
suppressed. Accordingly, this embodiment is more desirable
than a case where a hollow space is formed between the
sealing substrate GA2 and the TFT substrate SB. Further,
even when the sealing substrate GA2 is not formed, for
example, the disconnection of the thin silver film AG may be
suppressed by forming the sealing film SR from above the
thin silver film AG. The sealing film SR may be a resin film or
an inorganic sealing film made of an inorganic material. Fur-
ther, even when a hollow space is formed between the sealing
substrate GA2 and the TFT substrate SB, for example, a
transparent conductive film which covers the thin silver film
AG may be formed as in the case of a fourth embodiment
described later. In this embodiment, the upper electrode is
formed of the thin silver film AG, the thin silver film AG
extends from the display region DR and reaches the power
source part CC, and the whole thin silver film AG is covered
with the sealing film SR.

[0057] Further, FIG. 1B shows a cross section of an organic
electroluminescence display device according to a modifica-
tion of this embodiment, and FIG. 2B is a schematic plan view
of a glass substrate GA1 (TFT substrate SB) according to the
modification of this embodiment. FIG. 2B shows a state
where the sealing substrate GA2 is not adhered to the glass
substrate GA1 in the organic electroluminescence display
device.
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[0058] The organic electroluminescence display device
shown in FIG. 1B and FIG. 2B differs from the organic
electroluminescence display device shown in FIG. 1A and
FIG. 2A with respect to the point that the electron injection
layer EIL extends to the power source part CC. Both organic
electroluminescence display devices have the substantially
same constitution except for the above-mentioned point. The
whole portion of the thin silver film AG arranged between the
display region DR and the power source part CC is formed
over the background layer which has the electron pair donor
so that the thin silver film AG is prevented from coming into
contact with the protective layer PAS made of silicon nitride
between the display region DR and the power source part CC.
Accordingly, in the organic electroluminescence display
device of this modification, compared to the organic elec-
troluminescence display device shown in FIG. 1A and FIG.
2A, the aggregation or the like of the thin silver film AG
scarcely occurs. However, when the electron injection layer
EIL and the thin silver film AG are brought into contact with
the power source part CC, a resistance value which the upper
electrode has is liable to change due to an error in contact area
which may occur during the manufacture.

[0059] In this manner, in the organic electroluminescence
display device shown in FIG. 1B and FIG. 2B, the whole thin
silver film AG arranged between the display region DR and
the power source part CC is formed over the background
layer. Further, even when the background layer having elec-
tron pair donor is arranged on a background of only a portion
ofthe thin silver film AG arranged between the display region
DR and the power source part CC, it is desirable that the
background layer is formed in such a manner that the back-
ground layer reaches to the power source part CC from the
display region DR. By extending the background layer in this
manner, a broken step is scarcely generated in the thin silver
film AG arranged above the background layer and hence, a
conductive state of the thin silver film AG which reaches to
the power source part CC from the display region DR can be
easily ensured.

Second Embodiment

[0060] Next, the second embodiment of the present inven-
tion is explained. FIG. 3 shows a cross section of an organic
electroluminescence display device according to the second
embodiment. In the second embodiment, in each of a plurality
ofpixels formed in a display region DR, an electron transport
layer ETL is arranged between an organic film EL and a thin
silver film AG, and the electron transport layer ETL is made
of an organic material having electron transportability which
includes an electron pair donor. Particularly, in the second
embodiment, a background layer of the thin silver film AG
formed between the display region DR and a power source
part CC is formed using the same material as the electron
transport layer ETL thus suppressing aggregation property of
the thin silver film AG. The organic electroluminescence
display device according to the second embodiment and the
organic electroluminescence display device according to the
first embodiment have substantially the same constitution
except for the above-mentioned point.

[0061] Inthis embodiment, as the organic material which is
contained in the electron transport layer ETL, in the same
manner as the electron injection layer EIL in the first embodi-
ment, an oxadiazole derivative, an oxazole derivative, a thia-
zole derivative, a thiadiazole derivative, a pyridine derivative,
a pyrazine derivative, a triazole derivative, a triazine deriva-
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tive, a quinoline derivative, a quinoxaline derivative, a
phenanthroline derivative and the like are named. However,
the organic material is not limited to these materials. Further,
the electron transport layer ETL may contain alkali metal,
alkaline-earth metal or a compound of these metals.

[0062] Further, as shown in FIG. 3, the electron injection
layer EIL does not extend toward the power source part CC
from the display region DR and is arranged up to the bank
layer BA positioned on a boundary of the display region DR.
Then, the background layer which is formed using the same
material as the electron transport layer ETL is formed into an
island shape in a spaced-apart manner from the power source
part CC and the display region DR. However, the layer
formed using the same material as the electron transport layer
ETL may overlap with the bank layer BA positioned on the
boundary of the display region DR or may overlap with the
power source part CC.

[0063] Here, in the first embodiment, the electron injection
layer EIL is stacked as the layer shared in common by the
plurality of pixels in the display region DR. However, in the
same manner as the electron transport layer ETL in the second
embodiment, the electron injection layer EIL is formed for
every pixel (or every group of pixels) and the background
layer made of the same material as the electron injection layer
EIL may be formed into an island shape. On the other hand, in
the second embodiment, the electron transport layers ETL are
individually arranged in the plurality of corresponding pixels
in the display region DR. However, in the same manner as the
electron injection layer EIL in the first embodiment, the elec-
tron transport layer ETL may be stacked as the layer shared in
common by the plurality of pixels. Further, when the electron
injection layer EIL and the electron transport layer ETL are
formed by the layer shared in common by the plurality of
pixels, in the same manner as the first embodiment, these
layers may extend toward the power source part CC from the
display region DR or, in the same manner as the second
embodiment, these layers may be separated from the electron
transport layer ETL formed in the display region DR and may
be formed into anisland shape between the display region DR
and the power source part CC.

Third Embodiment

[0064] FIG. 4 shows a cross section of an organic electrolu-
minescence display device according to the third embodi-
ment. In the first embodiment and the second embodiment, a
background layer made of the same material as the electron
injection layer EIL or the electron transport layer ETL is
formed over the background of at least the portion of the thin
silver film AG between the display region DR and the power
source part CC. The third embodiment differs from the first
and second embodiments with respect to a point that a back-
ground layer of a thin silver film AG between a display region
DR and a power source part CC is formed of a protective layer
PASV having an electron pair donor.

[0065] To be more specific, the protective layer PASV is
formed by forming a polyimide film and by applying ultra-
violet treatment to the polyimide film. It is thought that poly-
imide becomes an electron pair donor due to such ultraviolet
treatment so that the aggregation of the thin silver film AG is
suppressed. The reason polyimide becomes an electron pair
donor due to ultraviolet treatment is that polyimide includes
pyrrolidinedione having a carbonyl group so that the carbonyl
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group is polarized by ultraviolet treatment thus generating
unshared electron pairs in nitrogen atoms of pyrrolidinedi-
one.

[0066] In this embodiment, the thin silver film AG extends
toward the power source part CC from the display region DR
and is electrically connected to the power source part CC.
Then, between the display region DR and the power source
part CC, on the background of the extending portion of the
thin silver film AG, the protective layer PASV having the
electron pair donor is arranged as the background layer. How-
ever, it goes without saying that, on the protective layer PASV,
the background layer made of the same material as the elec-
tron injection layer EIL or the electron transport layer ETL
may be arranged in the same manner as the arrangement in the
first embodiment and the second embodiment.

Fourth Embodiment

[0067] Next, an organic electroluminescence display
device according to a fourth embodiment of the present inven-
tion is explained.

[0068] FIG. 5 shows a cross section of the organic elec-
troluminescence display device according to the fourth
embodiment. As shown in the drawing, the TFT substrate is
constituted by forming thin film transistors on a glass sub-
strate GA1 in a matrix array, and organic films EL are formed
in a matrix array corresponding to the arrangement of the thin
film transistors by coating. Further, a transparent sealing sub-
strate GA2 is laminated to the TFT substrate by a sealing
material SE thus sealing the display region DR where the
organic films EL are formed in a matrix array. The organic
films EL of the respective pixels are isolated from each other
by a bank layer BA. The bank layer BA is a pixel separation
film which is formed in a frame shape corresponding to par-
titioning of the pixels in the display region DR. The display
region DR in this embodiment is, as shown in FIG. 5, aregion
where the plurality of pixels are arranged, and is also a region
having a range in which the bank layer BA is included. Each
one of the pixels arranged in the display region DR includes
a lower electrode An, the organic film EL including a light
emitting layer, and an upper electrode having a thin silver film
AG, wherein these members are formed from a substrate GA1
side in order of the lower electrode An, the organic film EL
and the upper electrode.

[0069] As shown in FIG. §, to the organic film EL of each
pixel, holes are supplied from the lower electrode An (anode
electrode) connected to the thin film transistor on the TFT
substrate. On the other hand, the upper electrode (cathode
electrode) which is constituted of a transparent conductive
layer Tr and the thin silver film AG is formed over an upper
side of the organic film EL, and an electron injection layer
EIL is interposed between a lower side of the upper electrode
and the organic film EL thus supplying electrons to the
organic film EL of each pixel. The electron injection layer
EIL in this embodiment is formed by stacking one layer
shared in common by a plurality of organic films EL patterned
for respective pixels, and the bank layer BA and the respective
organic films EL in the display region DR are covered in
common with the electron injection layer EIL. The thin silver
film AG and the transparent conductive layer Tr are, in the
same manner as the electron injection layer EIL, formed by
stacking the layer shared in common by the respective organic
films EL in the display region DR.

[0070] In a region outside the display region DR, a power
source part CC (cathode contact) which supplies a potential to
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aplurality of pixels is arranged in a spaced-apart manner from
the display region DR. To be more specific, the upper elec-
trode of each pixel extends toward the power source part CC
from the display region DR and is connected to the power
source part CC electrically. Further, a fixed potential is sup-
plied to the power source part CC from an external terminal
TE provided outside the sealing substrate GA2. As shown in
FIG. 5, the power source part CC is electrically connected to
the external terminal TE via a metal layer embedded in a
protective layer PAS below a portion protective layer PAS on
which the sealing material SE is provided. Further, between
the power source part CC and the display region DR, the
electron injection layer EIL and the thin silver film AG are
stacked in an extending manner toward a power source part
CC side, and the transparent conductive film Tr covers
extending portions of the electron injection layer EIL and the
thin silver film AG from above and reaches and comes into
contact with the power source part CC. Further, the electron
injection layer EIL is interposed between the protective layer
PAS and the thin silver film AG formed over the TF T substrate
thus stacking the thin silver film AG such that the thin silver
film AG does not come into contact with the protective layer
PAS.

[0071] Here, the transparent conductive film Tris formed of
atransparent conductive film made of indium tin oxide (ITO),
indium oxide, indium zinc oxide (IZO (trademark)) or the
like. Further, the thin silver film AG has smaller resistance
than the transparent conductive film Tr. In this embodiment,
from a viewpoint of the electric resistance and optical char-
acteristics, the thin silver film AG is preferably formed of a
thin pure-silver film having purity of 99% or more. When the
thin silver film AG is formed of a thin pure-silver film, by
setting a thickness of the thin silver film AG to 20 nm or less,
preferably 15 nm or less, the thin silver film AG functions as
a half mirror so that a quantity of light taken out from a top
side is ensured. Further, when the thin silver film AG is
formed of a thin pure-silver film, it is more preferable to set a
thickness of the thin silver film to approximately 12 nm (10
nm or more and 14 nm or less), to be more specific. When the
upper electrode is formed of only a thin pure-silver film, the
continuity of the film deteriorates so that the supply of elec-
tricity to the display region DR becomes difficult. Accord-
ingly, in this embodiment, besides the electron injection layer
EIL described later, the transparent conductive film Tr is
provided so as to cover the thin silver film AG from above for
compensating for the thin silver film AG. The transparent
conductive film Tr may have a thickness of approximately
100 nm. Here, although the upper electrode which is formed
of only the transparent conductive film Tr made of IZO (trade-
mark) exhibits the resistance of 80 €2/[], the upper electrode
formed by using the thin pure-silver film together with [ZO
(trademark) can decrease a resistance value to 5 Q/[].

[0072] Inthis embodiment, the electron injection layer EIL
is formed by adding any one of alkali metal, alkaline-earth
metal or a compound of these metals to an organic material
having electron transportability, and has a thickness of
approximately 30 nm. The electron injection layer EIL has a
function of receiving electrons from the thin silver film AG
which constitutes the upper electrode and a function of car-
rying the electrons to the organic film EL which includes the
light emitting layer. Each one of the organic films EL sepa-
rated by the bank layer BA is constituted of one-or-more-
layered functional organic materials and, for example, the
organic film EL includes a light emitting layer which contains
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a host material and a dopant material and emits light, a hole
transport layer and a hole injection layer. When the electron
injection layer EIL is doped with a material such as alkali
metal which exhibits high electron density, electrons are
injected into the organic film EL through alkali metal or the
like.

[0073] Here, the thin silver film AG has high surface
energy, and aggregability of'silver occurs when the difference
in surface energy between the thin silver film AG and the
background layer of the thin silver film AG is large. When the
difference in surface energy is large, the thin silver film AG is
aggregated into a mass at the time of manufacturing the
organic electroluminescence display device or at the time of
supplying electricity to the upper electrode. Further, there
may be a case where the transparent conductive film Tr is
broken due to such aggregation leading to the disconnection
of the upper electrode. A surface of the electron injection
layer EIL according to this embodiment is doped with alkali
metal or the like which is a material having high electron
density and exhibiting high surface energy. Accordingly, as
described above, it is thought that the electron injection layer
EIL which contains an electron pair donor due to doping of
alkali metal or the like and silver atoms are chemically
bonded. From another viewpoint, it is thought that surface
energy of the electron injection layer EIL assumes a value
near the surface energy of the thin silver film AG so that the
manifestation of aggregation property of the thin silver film
AG is suppressed.

[0074] FIG. 6Aisaschematic plan view of a glass substrate
GA1 (TFT substrate SB) according to this embodiment. FIG.
6A shows a state where the sealing substrate GA2 of the
organic electroluminescence display device is not adhered.
As shown in the drawing, the electron injection layer EIL is
stacked in such a manner that the electron injection layer EIL
covers the whole area of the display region DR in which the
organic films EL are formed in a matrix array. The thin silver
film AG is stacked so as to cover the whole area of the display
region DR in a region inside the electron injection layer EIL
as viewed in a plan view. Accordingly, a background layer in
the whole area of the thin silver film AG is constituted of the
electron injection layer EIL and hence, the aggregation of the
thin silver film AG is suppressed. Between the power source
part CC and the display region DR, the resistance of the upper
electrode can be decreased by reaching the thin silver film AG
to the power source part CC side from the display region DR,
while the background layer of the thin silver film AG is
constituted of the electron injection layer EIL and hence, a
contact between the protective layer PAS formed using sili-
con nitride (SiN) and the like and the thin silver film AG can
be avoided whereby the disconnection attributed to the aggre-
gation of the thin silver film AG can be suppressed. Further, in
this embodiment, as shown in FIG. 6A, the transparent con-
ductive film Tr covers the thin silver film AG, the electron
injection layer EIL and the whole area of the power source
part CC and is connected to the power source part CC. How-
ever, the transparent conductive film Tr may be brought into
partial contact with the power source part CC. Since the
transparent conductive film Tr covers portions of the thin
silver film AG and the electron injection layer EIL extending
toward the power source part CC and reaches the power
source part CC, electricity is supplied to the respective
organic films EL in the display region DR.

[0075] Itis desirable that the respective extending portions
of'the electron injection layer EIL and the thin silver film AG
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which respectively extend toward a power source part CC
side from the display region DR reach at least an intermediate
point of the power source part CC and the display region DR.
It is more preferable that the electron injection layer EIL
extends toward the power source part CC side from the dis-
play region DR by a distance which is three quarters of a
distance between the power source part CC and the display
region DR, and the thin silver film AG extends by a distance
which is one half ofthe distance. The line P in FIG. 5 indicates
a position away from the display region DR by the distance
which is three quarters of the distance between the power
source part CC and the display region DR. As shown in FIG.
5, the electron injection layer EIL and the thin silver film AG
in this embodiment extend beyond the position of the line P
between the power source part CC and the display region DR,
and the electron injection layer EIL and the silver film AG are
formed in a spaced apart manner from the power source part
CC. When these parts are brought into contact with the power
source part CC, a resistance value which the upper electrode
possesses is liable to change due to an error of a contact area
which occurs during the manufacture of the organic electrolu-
minescence display device and hence, in this embodiment,
the electron injection layer EIL and the thin silver film AG are
formed in a spaced-apart manner from the power source part
CC.

[0076] The transparent conductive film Tr is formed by a
sputtering method using IZO (trademark) as a material in a
region ranging from above the electron injection layer EIL
and the thin silver film AG to the power source part CC.
Outside a region where the transparent conductive film Tr is
formed, the sealing substrate GA2 for dehumidifying the
display region DR, for example, is adhered to the TFT sub-
strate using a sealing material SE so that a space defined
between the sealing substrate GA2 and the TFT substrate is
brought into a hollow sealing state whereby the organic films
EL are protected from the outside air. The manufacturing
method of this embodiment is substantially equal to the
manufacturing method of the first embodiment except for
such a point.

[0077] FIG. 6B shows a first modification of the organic
electroluminescence display device according to this
embodiment, and is a plan view of the glass substrate GA1
(TFT substrate). As shown in the drawing, an electron injec-
tion layer EIL and a thin silver film AG are stacked so as to
cover the whole area of a display region DR. Here, between a
power source part CC and the display region DR, the electron
injection layer EIL extends more toward a power source part
CC side than the thin silver film AG extends so that the
electron injection layer EIL forms a background of the thin
silver film AG. On the other hand, in three other directions
where the power source part CC is not present, the thin silver
film AG extends in a projecting manner from the electron
injection layer EIL, and a background of the thin silver film
AG in such portions is constituted of a protective layer PAS of
the TFT substrate. A portion of the thin silver film AG which
projects from the electron injection layer EIL is liable to cause
the aggregation of silver. However, even when the aggrega-
tion occurs in such a portion and the transparent conductive
film Tr is disconnected, the thin silver film AG maintains a
function of an upper electrode which supplies electricity to
the respective organic films EL in the display region DR from
the power source part CC. In this manner, by arranging the
thin silver film AG such that the thin silver film AG is arranged
outside the display region DR but does not fall within the
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electron injection layer EIL in any one of the directions where
the power source part CC is not present, the demand for
alignment accuracy can be alleviated.

[0078] FIG. 6C shows a second modification of the organic
electroluminescence display device according to this
embodiment, and is a plan view of the glass substrate GA1
(TFT substrate). As shown in the drawing, an electron injec-
tion layer EIL and a thin silver film AG are stacked so as to
cover the whole area of a display region DR. Between a power
source part CC and the display region DR, the electron injec-
tion layer EIL extends more toward a power source part CC
side than the thin silver film AG extends so that the electron
injection layer EIL forms a background of the thin silver film
AG. On the other hand, in three other directions where the
power source part CC is not present, the thin silver film AG
extends in a projecting manner from the electron injection
layer EIL, and a background of the thin silver film AG in such
portions is constituted of a protective layer PAS of the TFT
substrate. A portion of the thin silver film AG which projects
from the electron injection layer EIL is liable to cause the
aggregation of silver. However, even when the aggregation
occurs in such a portion and the transparent conductive film
Tr is disconnected, the thin silver film AG maintains a func-
tion of an upper electrode which supplies electricity to the
respective organic films EL in the display region DR from the
power source part CC. In this manner, in the formation of the
thin silver film AG, by arranging the thin silver film AG such
that the thin silver film AG is arranged outside the display
region DR but does not fall within the electron injection layer
EIL or the transparent conductive film Tr in any one of the
directions where the power source part CC is not present, the
demand for alignment accuracy can be alleviated.

[0079] Although the protective layer PAS is formed using
silicon nitride in this embodiment, the protective layer PAS
may be formed of a film made of polyimide, an acrylic resin
or a light transmitting silicon compound such as silicon diox-
ide (SiO,). Also in these cases, by arranging the same material
as the electron injection layer EIL which contains an electron
pair donor as a background layer of the thin silver film AG
between the power source part CC and the display region DR,
the aggregation property can be suppressed. Although the
fourth embodiment has been explained heretofore, the fourth
embodiment mainly differs from the first embodiment with
respect to a point that the thin silver film AG is covered with
the transparent conductive film Tr. However, the fourth
embodiment is substantially equal to the first embodiment
except for the point explained above.

Fifth Embodiment

[0080] FIG. 7 shows a cross section of an organic electrolu-
minescence display device according to a fifth embodiment.
In the fourth embodiment, the power source part CC is
arranged parting from the electron injection layer EIL and the
thin silver film AG. The electron injection layer EIL and the
thin silver film AG are stacked without overlapping with the
power source part CC. On the other hand, the fifth embodi-
ment differs from the fourth embodiment with respect to
points that the power source part CC and the electron injec-
tion layer EIL overlap with each other such that the electron
injection layer EIL goes over a portion of the power source
part CC, the thin silver film AG extends more than the electron
injection layer EIL, goes over the portion where the electron
injection layer FIL and the power source part CC overlap with
each other, and overlaps with the power source part CC. The
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fifth embodiment is substantially equal to the fourth embodi-
ment except for the above-mentioned points, and the expla-
nation of the points of the fifth embodiment which are sub-
stantially equal to the corresponding points of the fourth
embodiment is omitted.

[0081] Both the thin silver film AG and the transparent
conductive film Tr have conductivity, wherein the thin silver
film AG exhibits the lower electric resistance than the trans-
parent conductive film Tr. Although the electron injection
layer EIL hardly has conductivity, by extending the electron
injection layer EIL such that the electron injection layer EIL
reaches the power source part CC, it is possible to more
reliably prevent the thin silver film AG from coming into
contact with the protective layer PAS between the display
region DR and the power source part CC. The power source
part CC is formed using metal such as aluminum, for
example, and has surface energy near surface energy of the
thin silver film AG. Accordingly, even when the thin silver
film AG extends more than the electron injection layer EIL
and is brought into contact with the power source part CC,
power consumption can be reduced while making the occur-
rence of aggregation of the thin silver film AG difficult.
[0082] Also in the above-mentioned first to third embodi-
ments, it is preferable that the thin silver film AG is formed of
a thin pure-silver film having purity of 99% or more in the
same manner as the fourth and fifth embodiments.

[0083] In the above-mentioned first to fifth embodiments,
the power source part CC is provided along one side of the
display region DR at one place outside the display region DR.
However, for example, the power source part CC may be
provided at a plurality of places in a distributed manner or
may be provided along a plurality of sides. Also in either case,
between the display region DR and the power source part CC,
the thin silver film AG extends toward the power source part
CC from the display region DR, and a background layer
which is arranged in at least a portion of a background of an
extending portion of the thin silver film AG includes an elec-
tron pair donor so that the aggregation of silver can be sup-
pressed.

[0084] The organic electroluminescence display devices
according to the respective embodiments of the present inven-
tion explained heretofore are not limited to the above-men-
tioned respective embodiments, and the organic electrolumi-
nescence display device may be carried out in different modes
without departing from the technical concept of the present
invention.

Example 1

[0085] An example 1 of an organic electroluminescence
display device according to the present invention is explained
hereinafter in conjunction with drawings.

[0086] As shown in FIG. 4, the thin film transistors are
formed over the glass substrate GA1, and the thin film tran-
sistors are covered with the protective layer PAS thus forming
the TFT substrate SB. On the protective layer PAS, anode
contact holes which electrically connect the thin film transis-
tors and the lower electrodes An which are formed later, and
the power source part CC which is arranged outside in a
spaced-apart manner from the display region DR and supplies
a potential to the upper electrode (the thin silver film AG)
formed later are formed. As a material for forming the pro-
tective layer PAS, a polyimide resin is used.

[0087] Next, the lower electrodes An are formed over the
protective layer PAS. The lower electrode An has the two-
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layered structure where the film made of IZO (trademark) is
stacked on the reflection layer made of silver. The lower
electrodes An are formed such that a film is formed by a
sputtering method and the film is patterned by photolithog-
raphy patterning. The lower electrode An is electrically con-
nected to the thin film transistor of the TFT substrate SB via
the anode contact hole.

[0088] Next, the bank layer BA is formed such that the bank
layer BA covers peripheries of edge portions of the lower
electrodes An and the power source part CC is exposed. A
polyimide resin is used as a material for forming the bank
layer BA. The bank layer BA is formed by coating a polyim-
ide resin by spin coating and applying photolithograph pat-
terning to the coated polyimide resin.

[0089] Next, the TFT substrate SB which is formed in the
above-mentioned manner is conveyed to a chamber in dry air
atmosphere, and ultraviolet treatment (UV treatment) is
applied to the TFT substrate SB. By applying ultraviolet
treatment to the TFT substrate SB, hole injection property of
the lower electrodes An can be increased. Further, a carbonyl
group which the polyimide resin contains is polarized thus
generating an electron pair donor and hence, a protective
layer PASV having an electron pair donor can be formed.
[0090] Next, the TFT substrate SB to which the above-
mentioned treatment is applied is conveyed to a vacuum film
forming chamber, where the respective organic electrolumi-
nescence elements are formed. In this embodiment, the
organic film EL of each organic electroluminescence element
is constituted of a hole transport layer, a light emitting layer
which emits light of each color and an electron transport
layer. Further, each organic electroluminescence element
includes the electron injection layer EIL.

[0091] As a material for forming the hole transport layer,
N,N'-a-di-naphthyl benzidine (a-NPD) is used. As a material
of the light emitting layer which emits red light, Ir complex
(18 percent by weight) and 4,4'-N,N'-di-carbazole-bipheny]
(CBP) are used. As a material of the light emitting layer which
emits green light, coumarin pigment (1.0 percent by weight)
and tris[8-hydroxyquinolinate]aluminum (Alqg3) are used. As
a material of the light emitting layer which emits blue light,
perylene pigment (1.0 percent by weight) and tris[8-hydrox-
yquinolinate|aluminum (Alg3) are used.

[0092] Bathophenanthroline (Bphen) is used as a material
for forming the electron transport layer. Bphen is used as a
host material for forming the electron injection layer EIL and
Cs,CO, is used as a dopant of Bphen.

[0093] Bphen is an organic material having electron trans-
portability and contains an electron pair donor.

[0094] The organic film EL and the electron injection layer
EIL are formed such that a film is formed by a vacuum
deposition method and the formed film is patterned on the
TFT substrate SB using a shadow mask.

[0095] With respect to a film thickness of each hole trans-
port layer in each organic electroluminescence element, the
hole transport layer in the organic electroluminescence ele-
ment which emits red light has a thickness of 180 nm, the hole
transport layer in the organic electroluminescence element
which emits green light has a thickness of 120 nm, and the
hole transport layer in the organic electroluminescence ele-
ment which emits blue light has a thickness of 80 nm. With
respect to a film thickness of the light emitting layer in each
organic electroluminescence element, the light emitting layer
in the organic electroluminescence element which emits red
light has a thickness of 30 nm, the light emitting layer in the
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organic electroluminescence element which emits green light
has a thickness of 40 nm, and the light emitting layer in the
organic electroluminescence element which emits blue light
has a thickness of 20 nm. Film thicknesses of the electron
transport layer and the electron injection layer EIL are com-
mon values among the respective organic electrolumines-
cence elements, that is, 20 nm and 30 nm.

[0096] Here, the electroninjection layer EIL is formed such
that the electron injection layer EIL extends toward the power
source part CC from the display region DR and covers a
portion of the protective layer PASV.

[0097] Next, the upper electrode (thin silver film AG)
which contains silver is formed on the electron injection layer
EIL by vapor deposition. A film thickness of the thin silver
film AG is 10 nm and a composition ratio of silver is 90
percent by weight. A region where the thin silver film AG is
formed is set such that the thin silver film AG covers the whole
display region DR and the power source part CC. That is, the
electron injection layer EIL which contains Bhen is arranged
as a background of the thin silver film AG in the display region
DR, and a layer which contains polyimide and to which
ultraviolet treatment is applied is arranged as a background of
a portion of the thin silver film AG extending toward the
power source part CC from the display region DR.

[0098] Then, the structural body is conveyed to a CVD film
forming device without breaking a vacuum and a silicon
nitride film having a thickness of 6 pm is formed as a sealing
film SR.

[0099] In this embodiment, the thin silver film AG is in
contact with the layer which contains an electron pair donor
and hence, the aggregation property of the thin silver film AG
is suppressed so that the increase of the resistance of the thin
silver film AG can be prevented whereby it is possible to
provide the organic electroluminescence display device
which can acquire the favorable light emission.

Comparison Example

[0100] An organic electroluminescence display device
shown in FIG. 1A is manufactured by a technique substan-
tially equal to the technique of the example 1 except for a
point that p-sexiphenyl is used as a host material of the elec-
tron injection layer EIL and ultraviolet treatment is not
applied to the protective layer PAS. Such an organic electrolu-
minescence display device cannot acquire light emission or
brightness gradient occurs in the inside of the display region
along with the increase of resistance of the upper electrode.
When the SEM observation is performed with respect to
portions of the thin silver film AG which use the electron
injection layer EIL or the protective layer PAS to which the
ultraviolet treatment is not applied as the background, the
aggregation of the thin silver film AG is observed. Itis thought
that p-sexiphenyl does not contain an electron pair donor and
hence, the aggregation of the thin silver film AG occurs.
[0101] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. An organic electroluminescence display device compris-
ing:

a display region which is formed over a substrate and in

which a plurality of pixels are arranged; and
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a power source part which is arranged in a spaced-apart
manner from the display region and outside the display
region and supplies a potential to the plurality of pixels,
wherein

each of the plurality of pixels includes:

a lower electrode;

a light emitting layer which is stacked above the lower
electrode; and

an upper electrode which includes a thin silver film and is
formed by a layer shared in common by other pixels
above the light emitting layer,

the upper electrode extends toward the power source part
from the display region and is electrically connected to
the power source part,

the thin silver film has a portion which is arranged between
the display region and the power source part, and

a background layer containing an electron pair donor is
arranged as a background of at least a portion of the thin
silver film between the display region and the power
source part.

2. The organic electroluminescence display device accord-
ing to claim 1, wherein the plurality of pixels further include
an electron injection layer which is arranged between the
light emitting layer and the upper electrode, and

the background layer is formed using the same material as
the electron injection layer.

3. The organic electroluminescence display device accord-
ing to claim 1, wherein the plurality of pixels further include
an electron transport layer which is arranged between the
light emitting layer and the upper electrode, and

the background layer is formed using the same material as
the electron injection layer.

4. The organic electroluminescence display device accord-
ing to claim 1, wherein the organic electroluminescence dis-
play device further includes a protective layer for protecting
the substrate, and

the background layer is formed by the protective layer
which contains an electron pair donor.

5. The organic electroluminescence display device accord-
ing to claim 4, wherein the protective layer is formed using
polyimide which contains pyrrolidinedione, and

nitrogen atoms of pyrrolidinedione have unshared electron
pairs on a surface of the protective layer which is in
contact with the thin silver film.

6. The organic electroluminescence display device accord-
ing to claim 4, wherein the protective layer contains polyim-
ide, and

the background layer is formed by applying ultraviolet
treatment to the protective layer.

7. The organic electroluminescence display device accord-
ing to claim 2, wherein the electron injection layer contains at
least one of alkali metal and alkaline-earth metal.

8. The organic electroluminescence display device accord-
ing to claim 3, wherein the electron transport layer contains at
least one of alkali metal and alkaline-earth metal.

9. The organic electroluminescence display device accord-
ing to claim 1, wherein the background layer supplies elec-
tron pairs to silver atoms in the thin silver film.

10. The organic electroluminescence display device
according to claim 1, wherein the upper electrode further
includes a transparent conductive film, and
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the transparent conductive film is stacked on the thin silver

film.

11. The organic electroluminescence display device
according to claim 10, wherein the transparent conductive
film extends toward the power source part from the display
region and is brought into contact with the power source part.

12. The organic electroluminescence display device
according to claim 1, wherein the organic electrolumines-
cence display device further includes a sealing film which
covers the display region and the power source part,

the sealing film is arranged above the thin silver film, and

the thin silver film extends toward the power source part

from the display region and is electrically connected to
the power source part.

13. The organic electroluminescence display device
according to claim 1, wherein the thin silver film extends
toward the power source part from the display region and is
electrically connected to the power source part, and

the background layer which is arranged as the background

of at least the portion of the thin silver film is formed so
as to reach to the power source part from the display
region.

14. An organic electroluminescence display device com-
prising:

a display region which is formed over a substrate and in

which a plurality of pixels are arranged; and

a power source part which is arranged in a spaced-apart

manner from the display region and outside the display
region and supplies a potential to the plurality of pixels,
wherein

each of the plurality of pixels includes:

a lower electrode;

a light emitting layer which is formed over the lower elec-

trode;

an electron injection layer which is formed over the light

emitting layer and contains at least one of alkali metal
and alkaline-earth metal, and

an upper electrode which is formed over the electron injec-

tion layer, wherein

the electron injection layer and the upper electrode are

respectively formed by a layer shared in common by the
plurality of pixels,
the upper electrode includes a thin silver film which is
stacked on the electron injection layer and a transparent
conductive film which is stacked on the thin silver film,

the thin silver film and the electron injection layer respec-
tively include a portion which extends toward the power
source part from the display region, and

the transparent conductive film is stacked so as to cover

respective extending portions of the electron injection
layer and the thin silver film whereby the transparent
conductive film is electrically connected to the power
source part.

15. The organic electroluminescence display device
according to claim 14, wherein the thin silver film is a thin
pure-silver film having purity of 99% or more.

16. The organic electroluminescence display device
according to claim 14, wherein the thin silver film and the
electron injection layer extend beyond an intermediate posi-
tion between the power source part and the display region.

# * #* ok %



(57190 18 (% FAR) A (i)

RE(EFR)AGE)

HRTRIE (TR AGE)

FRI&R BB A

KRN

H AT SO
S\EREERR

BE(X)

EENEHARE RERT O SRXHDR , HhHEESMEE:
SRR BESRK NS SRBAICC , SMEERNT—NDIE - T
AR AN B E T AR L 0% R £ AR WREAG | HEmA
B SMEEERAORIR , SRS SRS T R

BB ENSAEE RXANSRS 2 , Aaa iy E
ERRRHEN R KA SRS A BRENE D — B

8
o

BHEBEAXEREE

US20110057920A1 NF(DNE)R
US12/875765 i H
WA B I ERES

FREHR RN &t

B EREIERLF.

FREHR A 24t

FEERN At

A AR RINC.

MATSUURA TOSHIYUKI
YAMAGUCHI HIROHITO
YOSHIDA MASANORI
MIZUNO NOBUTAKA
OYA KATSUNORI

MATSUURA, TOSHIYUKI
YAMAGUCHI, HIROHITO
YOSHIDA, MASANORI
MIZUNO, NOBUTAKA
OYA, KATSUNORI

G09G3/30 G09G5/00

patsnap

2011-03-10

2010-09-03

HO1L27/3246 HO1L27/3258 HO1L27/3276 HO1L2251/5315 HO1L51/5092 HO1L51/5234 H01L51/5246

HO1L51/5048

2010178791 2010-08-09 JP
2009204981 2009-09-04 JP

US8643267

Espacenet USPTO

CC—



https://share-analytics.zhihuiya.com/view/e840a6e1-633e-45e1-9070-7a58d7401408
https://worldwide.espacenet.com/patent/search/family/043647386/publication/US2011057920A1?q=US2011057920A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110057920%22.PGNR.&OS=DN/20110057920&RS=DN/20110057920

