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(57) ABSTRACT 

A light-emitting device includes: a Substrate; a plurality of 
light-emitting elements which is formed on the Substrate and 
each of which has an anode partitioned by an insulating pixel 
partition wall, a cathode, and an organic light-emitting layer 
interposed therebetween and emits light by an electric field 
generated by the anode and the cathode; a first organic buffer 
layer that is formed by applying an organic compound and 
hardening the organic compound and covers a region larger 
than the region in which the plurality of light-emitting ele 
ments are formed; a second organic buffer layer that is that is 
formed by applying an organic compound and hardening the 
organic compound and is arranged above the Substrate with 
the first organic buffer layer interposed therebetween so as to 
cover the plurality of light-emitting elements; and a gas bar 
rier layer that is formed of an inorganic compound, covers a 
region larger than the region in which the first and second 
organic buffer layers are formed, and protects the plurality of 
light-emitting elements from air. In the light-emitting device, 
a region of the Substrate overlapping the first organic buffer 
layer is not completely matched with a region of the Substrate 
overlapping the second organic buffer layer. 
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LIGHT-EMITTING DEVICE AND 
ELECTRONIC APPARATUS 

0001. This is a Continuation of application Ser. No. 
1 1/470,483 filed Sep. 6, 2006. This application also claims 
priority to Japanese Patent Application No. 2005-336651, 
filed Nov. 22, 2005. The disclosure of the prior applications is 
hereby incorporated by reference herein in its entirety. 

BACKGROUND 

0002 1. Technical Field 
0003. The present invention relates to a technique for seal 
ing a thin film of a light-emitting element. 
0004 2. Related Art 
0005. As one type of light-emitting elements, there is an 
organic EL (electroluminescent) element that has a multilay 
ered structure of two electrodes and a thin organic light 
emitting film, formed of an organic compound, interposed 
between the two electrodes and emits light by excitation due 
to an electric field generated between the two electrodes. A 
sealing process is performed to prevent an organic light 
emitting material and a cathode, which includes an electron 
injection layer formed of, for example, calcium, magnesium, 
or aluminum complex, from deteriorating. As sealing tech 
niques, a thin-film sealing technique for covering organic EL 
elements with an excessively thin inorganic compound film 
has been known (see JP-A-9-185994, JP-A-2001-284041, 
JP-A-2000-223264, and JP-A-2003-17244). In these tech 
niques, the inorganic compound film serves as a gas barrier 
layer that prevents the infiltration of air. 
0006. In the thin-film sealing technique, in order to cover 
the organic EL elements, a planarizing layer formed of an 
organic compound, Such as an organic buffer layer, is formed 
on the Surfaces of cathodes of a plurality of light-emitting 
elements and on pixel partitions to planarize uneven portions 
formed by the cathodes and the pixel partitions, and then a gas 
barrier layer formed of an inorganic compound is formed 
thereon. However, in the gas barrier layer having the above 
mentioned structure, stress concentrates on the edge of the 
organic buffer layer (a rising portion of the organic buffer 
layer). When remarkable stress concentration occurs, the gas 
barrier layer may be cracked or peeled off. Further, when a 
gas barrier layer is formed of an inorganic compound, Such as 
silicon compound having transmittance and high moisture 
resistance, the inorganic compound layer has density and 
elastic modulus (Young's modulus) higher than those of an 
organic compound layer. Accordingly, a crack may occur due 
to the stress concentration. 

0007 If the gas barrier layer cracks or is peeled off, mois 
ture contained in atmospheric air is infiltrated into the organic 
EL elements, which causes the sealing property (in particular, 
coatability for minute foreign materials not purified by a 
clean room) of the organic EL elements to significantly dete 
riorate. This causes early deterioration of the organic EL 
elements, which will be necessarily solved. When a gas bar 
rier film is composed of an organic compound film having low 
elasticity to prevent the stress concentration, or when the gas 
barrier layer is formed with a constant thickness to prevent the 
stress concentration, the gas barrier layer is not cracked or 
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peeled off, but a sufficient sealing property is not obtained, 
which will cause early deterioration of the organic EL ele 
mentS. 

SUMMARY 

0008. An advantage of some aspects of the invention is 
that it provides a light-emitting device capable of sufficiently 
sealing light-emitting elements with a gas barrier layer that is 
prevented from being cracked or peeled off and an electronic 
apparatus including the light-emitting device. 
0009. According to an aspect of the invention, a light 
emitting device includes: a Substrate; a plurality of light 
emitting elements which is formed on the Substrate and each 
of which has an anode partitioned by an insulating pixel 
partition wall, a cathode, and an organic light-emitting layer 
interposed therebetween and emits light by an electric field 
generated by the anode and the cathode; a first organic buffer 
layer that is formed by applying an organic compound and 
hardening the organic compound and covers a region larger 
than the region in which the plurality of light-emitting ele 
ments are formed; a second organic buffer layer that is that is 
formed by applying an organic compound and hardening the 
organic compound and is arranged above the Substrate with 
the first organic buffer layer interposed therebetween so as to 
cover the plurality of light-emitting elements; and a gas bar 
rier layer that is formed of an inorganic compound, covers a 
region larger than the region in which the first and second 
organic buffer layers are formed, and protects the plurality of 
light-emitting elements from air. In the light-emitting device, 
a region of the Substrate overlapping the first organic buffer 
layer is not completely matched with a region of the Substrate 
overlapping the second organic buffer layer. The organic 
compound is a compound having a carbon skeleton as a basic 
Structure. 

0010. A large step difference occurs in a plurality of light 
emitting elements composed of insulating pixel partitions, a 
large number of anodes formed in regions Surrounded by the 
pixel partitions, and a cathode formed thereon. When a gas 
barrier layer formed of an inorganic compound is directly 
adhered to the cathode, a large step difference occurs in the 
gas barrier layer, and the gas barrier layer is cracked or peeled 
off by stress concentration. In order to prevent the gas barrier 
layer from being cracked or peeled off, it is effective to apply 
an organic compound on uneven portions, which are a plu 
rality of light-emitting elements, and harden the organic com 
pound to form an organic buffer layer for planarizing the 
surface, before the gas barrier layer is formed, as in the 
light-emitting device according to this aspect. A large amount 
of organic compound is applied to form an organic buffer 
layer having a Sufficiently large thickness to fill up the step 
portion, thereby Substantially planarizing the gas barrier 
layer. It is also possible to release stress concentration on a 
rising portion of the gas barrier layer. However, in order to 
improve the flatness of the organic buffer layer, it is necessary 
to apply a liquid material having high viscosity to form an 
organic buffer layer with a large thickness. In this case, Sur 
face tension increases, causing the angle of the edge of the 
organic buffer layer to excessively increase. That is, the rise 
angle of the gas barrier layer excessively increases, and thus 
a considerable amount of stress concentrates on a rising por 
tion of the gas barrier layer. 
0011. In order to solve these problems, in the light-emit 
ting device according to the above-mentioned aspect of the 
invention, the organic buffer layer has a two-layer structure, 
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and a region in which the first organic buffer layer is formed 
is not completely matched with a region in which the second 
organic buffer layer is formed. Since the organic buffer layer 
has a two-layer structure, the thickness of each layer is 
Smaller than that of the organic buffer layer having a single 
layer structure. Therefore, the angle of an edge portion of 
each layer is Smaller than that of an edge portion of the 
organic buffer layer having the single-layer structure. How 
ever, since the region in which the first organic buffer layer is 
formed is not completely matched with the region in which 
the second organic buffer layer, a rise angle of the gas barrier 
layer slightly increases in a part of or the entire rising portion 
of the gas barrier layer. That is, the gas barrier layer of the 
light-emitting device is prevented from being cracked or 
peeled off. Therefore, according to the light-emitting device 
of this aspect, it is possible to sufficiently seal the light 
emitting elements with the gas barrier layer that is prevented 
from being cracked or peeled off. 
0012. In the light-emitting device according to this aspect, 
the region in which the second organic buffer layer is formed 
may be larger than the region in which the first organic buffer 
layer is formed, or the region in which the first organic buffer 
layer is formed may be larger than the region in which the 
second organic buffer layer is formed. 
0013. In the former light-emitting device, the first organic 
buffer layer may include a first constant portion that has a 
constant thickness and covers a region larger than the region 
in which the plurality of light-emitting elements are formed, 
and a first edge portion that surrounds the first constant por 
tion and is tapered off toward the edgethereof. In addition, the 
second organic buffer layer may include a second constant 
portion that has a constant thickness and covers a region 
larger than the region in which the plurality of light-emitting 
elements are formed, and a second edge portion that Sur 
rounds the second constant portion and is tapered off toward 
the edge thereof. Preferably, the second constant portion and 
the second edgeportion overlap the first constant portion, and 
the thickness of the first constant portion is smaller than that 
of the second constant portion. The term constant means 
being Substantially constant. More specifically, in a case in 
which the height of the pixel partition is 2 uM and a step 
difference of a light-emitting region is 2 um, when the thick 
ness of the organic buffer layer above the pixel partition is 
about 3 um and the thickness of the organic buffer layer in a 
portion in which the pixel partition is not provided (a light 
emitting portion) is about 5 um, the Surface of the organic 
buffer layer can be said to be substantially flat. The thickness 
of the organic buffer layer depends on whether the pixel 
partition exists or not, and a Substantially flat portion of the 
organic buffer layer is defined as a constant portion. 
0014. According to this light-emitting device, the second 
organic buffer layer, which is an upper layer and has a small 
covering region, is thicker than the first organic buffer layer, 
which is a lower layer and has a large covering region. There 
fore, even when the total thickness of the first and second 
organic buffer layers Sufficiently increases in order to 
improve the sealing property of a plurality of light-emitting 
elements, the rise angle of the gas barrier layer is equal to the 
angle of the first edge portion of the first organic buffer layer 
having a smaller thickness. Since the second constant portion 
and the second edge portion overlap the first constant portion, 
the gas barrier layer is sequentially arranged along the first 
edge portion and the second edgeportion in the rising portion 
thereof. Therefore, even when the thickness of the second 
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organic buffer layer, which is an upper layer and a small size, 
is large and the angle of the second edge portion is large, the 
gas barrier layer gradually rises. In this way, it is possible to 
sufficiently increase the total thickness of the first and second 
organic buffer layers covering a region in which the plurality 
of light-emitting elements are arranged, while slightly 
increasing the rise angle of the gas barrier layer. Thus, it is 
possible to prevent the gas barrier layer from being cracked or 
peeled off, and to further improve the sealing property of the 
light-emitting elements. 
0015. In the latter light-emitting device, the first organic 
buffer layer may include a first constant portion that has a 
constant thickness and covers a region larger than the region 
in which the plurality of light-emitting elements are formed, 
and a first edge portion that Surrounds the first constant por 
tion and is tapered off toward the edgethereof. In addition, the 
second organic buffer layer may include a second constant 
portion that has a constant thickness and covers a region 
larger than the region in which the plurality of light-emitting 
elements are formed, and a second edge portion that Sur 
rounds the second constant portion and is tapered off toward 
the edge thereof. Preferably, the first constant portion and the 
first edge portion overlap the second constant portion, and the 
thickness of the second constant portion is Smaller than that of 
the first constant portion. 
0016. According to this light-emitting device, the first 
organic buffer layer, which is a lower layer and has a small 
covering region, is thicker than the second organic buffer 
layer, which is an upper layer and has a large covering region. 
Therefore, even when the total thickness of the first and 
second organic buffer layers Sufficiently increases in order to 
improve the sealing property of a plurality of light-emitting 
elements, the rise angle of the gas barrier layer is equal to the 
angle of the second edge portion of the second organic buffer 
layer having a smaller thickness. Since the first constant por 
tion and the first edge portion overlap the second constant 
portion, the gas barrier layer is sequentially arranged along 
the second edgeportion and the first edge portion in the rising 
portion thereof. Therefore, even when the thickness of the 
first organic buffer layer, which is an upper layer and a small 
size, is large and the angle of the first edge portion is large, the 
gas barrier layer gradually rises. In this way, it is possible to 
sufficiently increase the total thickness of the first and second 
organic buffer layers covering a region in which the plurality 
of light-emitting elements are arranged, while slightly 
increasing the rise angle of the gas barrier layer. Thus, it is 
possible to prevent the gas barrier layer from being cracked or 
peeled off, and to further improve the sealing property of the 
light-emitting elements. 
0017. In the above-mentioned light-emitting device 
according to this aspect, preferably, an angle formed between 
an upper surface of the first organic buffer layer (or the second 
organic buffer layer) and an upper layer of the Substrate at the 
edge of the first organic buffer layer (or the second organic 
buffer layer) is equal to or smaller than 20°. According to this 
structure, it is possible to sufficiently decrease the rise angle 
of the gas barrier layer. Therefore, it is possible to prevent 
stress concentration on the gas barrier layer and thus to pre 
vent the gas barrier layer from being cracked or peeled off. 
0018. According to another aspect of the invention, an 
electronic apparatus includes the above-mentioned light 
emitting device. In the above-mentioned light-emitting 
device, the light-emitting elements are reliably sealed with 
the gas barrier layer that is prevented from being cracked or 



US 2010/0207519 A1 

peeled off. Therefore, according to the electronic apparatus 
according to this aspect, it is easy to maintain a good display 
quality for a long time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The invention will be described with reference to the 
accompanying drawings, wherein like numbers refer to like 
elements. 
0020 FIG. 1 is a cross-sectional view illustrating an 
organic EL panel according to a first embodiment of the 
invention; 
0021 FIG. 2 is an enlarged cross-sectional view illustrat 
ing a portion A of FIG. 1; 
0022 FIG. 3 is a cross-sectional view illustrating an 
organic EL panel according to a second embodiment of the 
invention; 
0023 FIG. 4 is an enlarged cross-sectional view illustrat 
ing a portion B of FIG. 3; 
0024 FIG. 5 is a cross-sectional view illustrating an 
organic EL panel according to a third embodiment of the 
invention; 
0025 FIG. 6 is an enlarged cross-sectional view illustrat 
ing a portion C of FIG. 5: 
0026 FIG. 7 is a cross-sectional view illustrating an 
organic EL panel according to a fourth embodiment of the 
invention; 
0027 FIG. 8 is an enlarged cross-sectional view illustrat 
ing a portion D of FIG. 7: 
0028 FIG. 9 is a cross-sectional view illustrating an 
organic EL panel according to a fifth embodiment of the 
invention; 
0029 FIG.10 is an enlarged cross-sectional view illustrat 
ing a portion E of FIG.9; 
0030 FIG. 11 is a cross-sectional view illustrating an 
organic EL panel according to a sixth embodiment of the 
invention; 
0031 FIG. 12 is an enlarged cross-sectional view illustrat 
ing a portion F of FIG. 11; 
0032 FIG. 13 is a diagram illustrating the appearance of a 
personal computer having the organic EL panel according to 
any one of the embodiments of the invention applied thereto; 
0033 FIG. 14 is a diagram illustrating the appearance of a 
cellular phone having the organic EL panel according to any 
one of the embodiments of the invention applied thereto; 
0034 FIG. 15 is a longitudinal sectional view illustrating 
an example of an image printing apparatus using the organic 
EL panel according to any one of the embodiments of the 
invention; and 
0035 FIG. 16 is a longitudinal sectional view illustrating 
another example of the image printing apparatus using the 
organic EL panel according to any one of the embodiments of 
the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0036. Hereinafter, preferred embodiments of the inven 
tion will be described with reference to the accompanying 
drawings. In the following drawings, a scale of each member 
is appropriately adjusted in order to have a recognizable size. 
Since cross sections are shown in FIGS. 1 to 12, hatching is 
omitted except some parts in the drawings. In the following 
description, an upper side and a lower side are based on the 
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plane of the drawing, and the thickness of a layer means the 
length of the layer in the vertical direction in the cross-sec 
tional view. 

First Embodiment 

0037. An organic EL panel (light-emitting device) accord 
ing to a first embodiment of the invention is a full color panel 
using a polymer organic EL material, which will be described 
later. The organic EL panel has an organic EL element emit 
ting a red light component, an organic EL element emitting a 
green light component, and an organic EL element emitting a 
blue light component that are arranged side by side and is 
capable of performing full color display. The organic EL 
panel is a top emission type in which light from the organic 
EL element is emitted from the opposite side of a main sub 
Strate. 

Structure 

0038 FIG. 1 is a cross-sectional view of the organic EL 
panel. FIG. 2 is an enlarged cross-sectional view illustrating 
a portion A of the organic EL panel. The organic EL panel 
includes a flat main substrate 10. The main substrate 10 is 
formed of for example, glass or plastic, and has a plurality of 
organic EL elements P1 formed on the upper surface thereof. 
The organic EL element P1 includes an organic light-emitting 
layer 16 formed of a polymer organic EL material, which will 
be described later, and is supplied with a current at an emitting 
timing to cause the organic light-emitting layer 16 (more 
specifically, a light-emitting layer in the organic light-emit 
ting layer 16) to emit light. The organic EL elements P1 are 
divided into three types according to the colors of emission 
light components. These three types of organic EL elements 
P1 are regularly arranged on the main substrate 10. 
0039. A plurality of TFTs (thin film transistors) 11 having 
a one-to-one correspondence to the plurality of organic EL 
elements P1 and various wiring lines (only some of the wiring 
lines are shown in the drawings) are formed on the main 
substrate 10. The TFT 11 receives electric energy and control 
signals to drive the corresponding organic EL element P1. 
More specifically, the TFT 11 supplies electric energy to the 
corresponding organic EL element P1. An inorganic insulat 
ing layer 12 is formed on the main substrate 10 so as to cover 
the plurality of TFTs 11. The inorganic insulating layer 12 
insulates the plurality of TFTs 11 from various wiring lines, 
and is formed of for example, a silicon compound. 
0040. A lyophilic bank layer (inorganic pixel partition 
wall insulating layer) 13 is formed of, for example, silicon 
dioxide with a thickness of about 50 to 200 nm on the inor 
ganic insulating layer 12. A lyophobic bank layer (organic 
pixel partition wall insulating layer) 14 is formed of, for 
example, acrylic resin or polyimide with a thickness of about 
1 to 3 um on the lyophilic layer 13. Concave portions are 
formed by the inorganic insulating layer 12, the lyophilic 
bank layer 13, and the lyophobic bank layer 14, and the 
organic EL element P1 occupies the bottom of each of the 
concave portions. Since a light-emitting device and an elec 
tronic apparatus using a single color does not need multi 
color coating, the lyophobic bank layer 14 may not be pro 
vided, and the organic light-emitting layer 16 may be formed 
by, for example, a spin coating method or a slit coating 
method so as to be laid across an anode 15 and the lyophilic 
bank layer 13. 
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0041. The organic EL element P1 includes the anode 15, a 
common cathode layer 17, and the organic light-emitting 
layer 16 interposed therebetween. The anode 15 and the com 
mon cathode layer 17 are electrodes for injecting holes and 
electrons into the organic light-emitting layer 16, and gener 
ate an electric field by means of electric energy supplied. The 
anode 15 is an electrode that is formed of, for example, ITO 
(Indium Tin Oxide) having a high hole-injecting property 
with a work function higher than, for example, 5 eV on the 
inorganic insulating layer 12. The anode 15 is connected to 
the corresponding TFT 11 through the wiring line. The com 
mon cathode layer 17 is formed on the organic light-emitting 
layer 16 and the lyophobic bank layer 14 and functions as a 
common electrode lying over the plurality of organic EL 
element P1. For example, the common cathode layer 17 
includes an electron injection buffer layer for making it easy 
to inject electrons into the organic light-emitting layer 16 and 
a layer formed of a metallic material having low electric 
resistance. Such as ITO or aluminum, on the electroninjection 
buffer layer. The electron injection buffer layer is formed of 
for example, lithium fluoride, calcium metal, or magnesium 
silver alloy. 
0042. The organic light-emitting layer 16 includes a light 
emitting layer that is excited by recombination of electrons 
and holes injected by the electric field and emits light. Alter 
natively, the organic light-emitting layer 16 may beformed in 
a multilayer structure including layers other than the light 
emitting layer. In this case, it is preferable that the total 
thickness of all layers be smaller than 300 nm in order to 
reduce the electrical resistance of the layers. The layers other 
than the light-emitting layer include a hole injection layer for 
making it easy to inject holes, a hole transfer layer for making 
it easy to transfer the injected holes to the light-emitting layer, 
an electron injection layer for making it easy to inject elec 
trons, and an electron transfer layer for making it easy to 
transfer the injected electrons to the light-emitting layer. 
These layers contribute to the recombination. 
0043. The light-emitting layer is formed of a polymer 
organic EL material. The polymer organic EL material is a 
material having a relatively high molecular weight among 
organic compounds that are excited by the recombination of 
electrons and holes and emit light. The polymer organic EL 
material forming the organic EL element P1 depends on the 
type (the color of emission light) of organic EL elements P1. 
A layer contributing to the recombination in the light-emit 
ting layer is formed of a material corresponding to the mate 
rial forming an adjacent layer. When these materials are 
diluted with a solvent and are applied in a pattern by, for 
example, an ink-jet method or other printing methods, the 
material forming the organic light-emitting layer 16 is 
repelled from the surface of the lyophobic bank layer 14 to 
cause pixels to be colored in different colors. When multi 
color coating is not needed, that is, a single color is coated, the 
lyophobic bank layer 14 may not be provided, and the organic 
light-emitting layer 16 may be formed by, for example, the 
spin coating method or the slit coating method so as to be laid 
over the lyophilic bank layer 13 and the anode 15, which also 
enables the separation of pixels. The lyophilic bank layer 13 
serves to stabilize the thickness of the organic light-emitting 
layer 16 up to the edge of the anode 15 provided on the bottom 
of the concave portion, and the organic light-emitting layer 16 
is formed on the lyophilic bank layer 13. The lyophilic bank 
layer 13 is formed of, for example, silicon dioxide with a 
thickness of about 50 to 200 nm. 
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0044. A cathode protecting layer 18 is formed on the inor 
ganic insulating layer 12 and the common cathode layer 17 so 
as to cover the common cathode layer 17. A first organic 
buffer layer 191 is formed on the cathode protecting layer 18 
so as to overlap all the organic EL elements P1 to planarize 
unevenness due to pixel partition walls. A second organic 
buffer layer 192 is formed on the first organic buffer layer 191 
So as to overlap all the organic EL elements P1. A gas barrier 
layer 20 is formed on the cathode protecting layer 18, the first 
organic buffer layer 191, and the second organic buffer layer 
192 so as to completely cover the first organic buffer layer 191 
and the second organic buffer layer 192 including the edges 
thereof. 

0045. The gas barrier layer 20 contributes to improving the 
sealing of the first organic buffer layer 191, the second 
organic buffer layer 192, and the plurality of organic EL 
elements P1, and adheres closely to the first organic buffer 
layer 191 and the second organic buffer layer 192. The gas 
barrier layer 20 is formed of a material having high transmit 
tance, gas barrier property, and water-resistance, Such as a 
silicon compound including silicon oxynitride, silicon 
nitride, and SiNH. A thin film made of a high-quality inor 
ganic compound is formed, as the gas barrier layer, at low 
temperature and high density by a high-density plasma depo 
sition method, Such as a CVD method, ion plating, or sput 
tering using ICP or ECR plasma or high-density plasma gen 
erated from a plasma gas. The thickness of the gas barrier 
layer 20 depends on the sealing performance of the plurality 
of organic EL elements P1, the possibility of a crack occur 
ring in the gas barrier layer or the possibility of the gas barrier 
layer being peeled off, and manufacturing costs. More spe 
cifically, the thickness of the gas barrier layer 20 is in the 
range of 300 nm to 800 nm. 
0046. The first organic buffer layer 191 and the second 
organic buffer layer 192 are provided to improve the flatness 
and adhesion of the gas barrier layer 20 and to buffer stress 
occurring in the gas barrier layer 20. The organic buffer layers 
are formed as follows: an organic buffer layer material (liq 
uid) having the following viscosity and composition is 
applied in the uneven portions formed by the pixel partition 
walls to control the thickness thereof by a screen printing 
method in a low pressure atmosphere; the upper Surface of the 
second organic buffer layer is planarized by using a screen 
mesh and Squeegee; and the organic buffer layer material is 
hardened. A region of the main Substrate 10 overlapping the 
second organic buffer layer 192 is formed to have a smaller 
area than another region of the main Substrate 10 overlapping 
the first organic buffer layer 191 so that it is included in 
another region. 
0047. The first organic buffer layer 191 preferably has a 
thickness of 3 um to 10 um, and includes a first covering 
portion 191a overlapping all the organic EL elements P1, a 
first constant portion 191b that has a constant thickness and 
surrounds the first covering portion 191a, and a first edge 
portion 191c that surrounds the first constant portion 191b 
and is tapered off toward the edge thereof. Since the first 
organic buffer layer 191 is formed by applying a liquid mate 
rial, an angle 01 formed between the upper surface of the first 
edge portion 191c and the upper surface of the main substrate 
10 at the edge of the first organic buffer layer 191 corresponds 
to the thickness of the first constant portion 191b. In this 
embodiment, the upper limit of the thickness of the first 
constant portion 191b is determined such that the angle 01 is 
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smaller than 20°. Therefore, the upper surface of the first 
covering potion 191a is planarized. 
0048 Meanwhile, the thickness of the second organic 
buffer layer 192 is in proportion to the height of the pixel 
partition wall, and is preferably in the range of 3 um to 20um. 
In addition, the second organic buffer layer 192 includes a 
second covering portion 192a overlapping all the organic EL 
elements P1, a second constant portion 192b that has a con 
stant thickness and Surrounds the second covering portion 
192a, and a second edge portion 192c that surrounds the 
second constant portion 192b and is tapered off toward the 
edge thereof. The second organic buffer layer 192 is formed 
by applying a liquid material, and the application is per 
formed to planarize the upper Surface of the second covering 
portion 192a. Therefore, the thickness of the second constant 
portion 192b is larger than that of the first constant portion 
191b, and an angle 02 formed between the upper surface and 
the lower surface of the second edge portion 192c at the edge 
of the second organic buffer layer 192 is larger than the angle 
01. In addition, the thicknesses of the first organic buffer layer 
191 and the second organic buffer layer 192 are determined, 
considering the coatability of the gas barrier layer with 
respect to aforeign matter or the ratio of light leaking from the 
side surface of an adhesive layer 21, which will be described 
later, or the side Surface of a Surface protecting Substrate 22, 
which will be described later, without being incident on the 
upper Surface of the Surface protecting Substrate 22. 
0049. The cathode protecting layer 18 is provided to pro 
tect the common cathode layer 17 and to improve the wetta 
bility and adhesion of the first organic buffer layer 191 before 
the organic buffer layer 191 is hardened. The cathode protect 
ing layer 18 is formed of a silicon compound. Such as silicon 
oxynitride, having high light transmittance, adhesion, and 
water resistance. In particular, when the common cathode 
layer 17 has a top emission structure, the thickness of the 
common cathode layer 17 is made Small in consideration of 
transparency, which causes a lot of pinholes to be generated. 
Since a small amount of moisture, which is adhered while a 
material forming the organic buffer layer 19 is transported 
until the organic buffer layer 19 is formed, and the material 
forming the organic buffer layer 19 infiltrated into the organic 
light-emitting layer 16 before being hardened cause the 
organic light-emitting layer 16 to be damaged, and the dam 
aged portion of the organic light-emitting layer 16 becomes a 
dark spot, the cathode protecting layer 18 serves to prevent 
the damage. Therefore, the thickness of the cathode protect 
ing layer 18 is larger than 100 nm. In addition, on the upper 
Surface of the common cathode layer 17, unevenness exists 
due to the step difference between the lyophobic bank layer 
14 and the organic EL element P1, which causes stress to 
concentrate on the cathode protecting layer 18. In order to 
prevent damage due to the stress concentration, the thickness 
of the cathode protecting layer 18 is set to 200 nm or less. 
0050. Furthermore, the adhesive layer 21 is formed on the 
main Substrate 10 So as to cover the inorganic insulating layer 
12, the cathode protecting layer 18, and the gas barrier layer 
20. The surface protecting substrate 22 is fixed to the adhesion 
layer 21 so as to overlap the entire surface of the adhesion 
layer 21. The entire lower surface of the surface protecting 
substrate 22 is adjacent to the adhesive layer 21. The adhesive 
layer 21 is provided for adhesion between the surface protect 
ing substrate 22 and the main substrate 10 and is formed of a 
resin adhesive having high light transmittance. The resin 
adhesive includes, for example, epoxy resin, acrylic resin, 
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urethane resin, and silicon resin. The Surface protecting Sub 
strate 22 is provided to improve optical characteristics and to 
protect the gas barrier layer and is formed of glass or plastic 
having high light transmittance. The plastic includes, for 
example, polyethyleneterephthalate, acrylic resin, polycar 
bonate, and polyolefin. In addition, the Surface protecting 
substrate 22 may have the function of a color filter, a function 
of blocking/absorbing ultraviolet rays, a function of prevent 
ing the reflection of external light, and a function of dissipat 
ing heat. When an optical function, such as a color filter, is not 
needed from the viewpoint of manufacturing costs, only the 
adhesive layer 21 is provided, but the surface protecting sub 
strate may not be provided. 

Manufacturing Procedure 
0051. In order to manufacture the organic EL panel 
according to the present embodiment, first, the TFTs 11, 
various wiring lines, and the inorganic insulating layer 12 are 
formed on the main substrate 10. Then, a reflective layer, 
which has a light-reflective property and is formed of for 
example, an aluminum-copper alloy material, and transparent 
ITO are deposited on the inorganic insulating layer 12 by 
using a sputtering method, thereby forming the anodes 15 
serving as a plurality of pixels. In this way, the anodes 15 are 
connected to the TFTs 11 for on/off control. Then, the lyo 
philic bank layer 13 is formed on the inorganic insulating 
layer 12 so as to surround the anodes 15. Subsequently, the 
lyophobic bank layer 14, which is formed of an organic com 
pound, such as polyimide or acrylic resin, is formed on the 
lyophilic bank layer 13. Then, a cleaning process, such as 
plasma cleaning, is performed to remove organic-based con 
tamination from the main substrate 10 and to improve the 
wettability of the ITO surface. 
0.052 Thereafter, the organic light-emitting layer 16 is 
formed on the anodes 15. In this process, when a material 
forming the organic light-emitting layer 16 is coated, the 
material is flatly spread adjacent to the anode 15 and the 
lyophilic bank layer 13. Thus, the organic light-emitting layer 
16 that is flat and has a constant thickness is formed. In a 
process of forming a light-emitting layer included in the 
organic light-emitting layer 16, a polymer-based organic EL 
material used to form the organic light-emitting layer 16 that 
emits red light is coated on the anode 15 which is to form the 
organic EL element P1 that emits red light. The same process 
as above is performed for the organic EL element P1 that 
emits greenlight and the organic EL element P1 that emit blue 
light. A spin coating method or a slit coating method may be 
used as the coating method. When three kinds of coloring 
materials are coated, it is preferable to perform pattern coat 
ing for each pixel by using an inkjet printing method or a 
screen printing method, in order to coating materials with a 
high degree of efficiency. When the organic light-emitting 
layer 16 has a plurality of layers, the plurality of layers are 
sequentially formed. 
0053. Then, an electrode common to the plurality of 
organic EL elements P1, that is, the common cathode layer 17 
is formed. For example, a metallic material or an alloy into 
which electrons can be easily injected, such as lithium fluo 
ride, calcium, or magnesium, is deposited by means of a 
vacuum deposition method using a heating boat (crucible). 
Then, in order to reduce the resistance of the common elec 
trode, aluminum is deposited so as to avoid pixel units by 
means of the vacuum deposition method, or transparent ITO 
is deposited in a low pressure atmosphere by means of a 
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high-density plasma deposition method, such as an ECR 
(electron cyclotron resonance) plasma sputtering method, an 
ion plating method, or an opposite target Sputtering method. 
Then, an oxygen plasma process is performed, and then the 
cathode protecting layer 18, which is formed of silicon oxyni 
tride, is formed so as to cover the common cathode layer 17 by 
means of the high-density plasma deposition method, Such as 
the ECR plasma sputtering method or the ion plating method. 
Here, the oxygen plasma process is performed to improve the 
adhesion between the common cathode layer 17 and the cath 
ode protecting layer 18. 
0054 Subsequently, an organic buffer layer material in a 
liquid state, which has a viscosity of 2000 mPa is to 10000 
mPa's at the room temperature (25° C.), is printed on the 
cathode protecting layer 18 by using a screen printing method 
in a low pressure atmosphere, and nitrogen gas is introduced 
for the change to atmospheric pressure. Then, the cathode 
protecting layer 18 having the organic buffer layer material 
coated thereon is carried into a curing chamber, in which the 
organic buffer layer material corresponding to each substrate 
is heated at a temperature of 60 to 100° C. Such that the 
organic buffer layer material is completely cured, thereby 
forming the first organic buffer layer 191. The reason why the 
process of forming the first organic buffer layer 191 is per 
formed in the low pressure atmosphere is to remove moisture 
and bubbles generated during a coating process. That is, 
unlike in the process of forming the common cathode layer 17 
or the cathode protecting layer 18, while the organic buffer 
layer material is coated in a relatively low vacuum condition 
of 100 to 5000 Pa, the moisture is removed until a dew point 
reaches -60° C. or less by introducing nitrogen. In addition, 
the reason why the organic buffer layer material having a 
viscosity of 2000 mPa's or more at the room temperature is 
used is to avoid that the organic buffer layer material is infil 
trated into the common cathode layer 17 or the organic light 
emitting layer 16 through the cathode protecting layer 18. 
0055 An organic compound having high fluidity and not 
having a volatile component, unlike a solvent, before being 
hardened can be used as a main ingredient of the organic 
buffer layer material (for example, more than 70 weight%). 
In this embodiment, an epoxy monomer containing an epoxy 
group and having a molecular weight of 3000 or less (molecu 
lar weight of 3000 or less)/oligomer (molecular weight of 
1000 to 3000) is used. Specifically, for example, any of the 
following materials or combinations thereof can be used: 
bisphenol A type epoxy oligomer or bisphenol F type epoxy 
oligomer, phenol novolac type epoxy oligomer, 3.4-epoxy 
cyclohexenylmethyl-3',4'-epoxycyclohexenecarboxylate, 
and e-caprolactone-modified 3,4-epoxycyclohexylmethyl-3', 
4'-epoxycyclohexenecarboxylate. 
0056. A hardening agent reacting with epoxy monomer/ 
oligomer is used as a Sub-ingredient of the organic buffer 
layer material. An agent capable of forming a hard film having 
high electrical insulating performance, Solidity, and heat 
resistance is preferably used as the hardening agent. Alterna 
tively, addition polymer having high transmittance and a 
Small amount of variation in hardness may be used as the 
hardening agent. More specifically, an acid-anhydride-based 
hardening agent, such as 3-methyl-1,2,3,6-tetrahydro 
phthalic anhydride, methyl-3,6-endomethylene-1,2,3,6-tet 
rahydrophthalic anhydride, 1,2,4,5-benzenetetracarboxylic 
dianhydride, 3,3'4,4'-benzophenonetetracarboxylic dianhy 
dride, or a polymer thereof is preferably used as the hardening 
agent. The first reason why the acid-anhydride-based harden 

Aug. 19, 2010 

ing agent is preferable is that the hardening of the acid 
anhydride-based hardening agent is performed at a tempera 
ture of 60 to 100° C. and the hard film thereof becomes a 
polymer having an ester bonding having good adhesion to 
silicon oxynitride. The second reason is that the hardening 
agent can be hardened at low temperature in a short time since 
when a material having a relatively high molecular weight, 
Such as aromatic amines, alcohols, or aminophenol is added 
thereto as a hardener for hastening a ring-opening of acid 
anhydride. The third region is that the hardening agent does 
not cause damage of each unit due to sharp hardening and 
shrinkage, as compared with photoinitiator of a cation emis 
sion type. 
0057. A water Supplementing agent, such as a silane cou 
pling agent or an isocyanate compound, and an additive for 
preventing shrinkage at the time of hardening, Such as minute 
particles, may be dispersed as other Sub-ingredients of the 
organic buffer layer material to improve adhesion to the com 
mon cathode layer 17 or the first gas barrier layer 20. The 
viscosity of the above-mentioned materials before being 
hardened is preferably in the range of 1000 mPa's to 10000 
mPa's at room temperature. 
0058. The viscosity of each of the mainingredients and the 
Sub-ingredients used in the present embodiment, before being 
cured, is preferably 1000 mPa is or more at room temperature. 
This is to reduce a possibility that the materials before being 
cured will be infiltrated into the organic light-emitting layer 
16. In addition, the viscosity of these materials may be deter 
mined in consideration of whether the organic buffer layer 
can be formed with required pattern accuracy, whether the 
organic buffer layer 191 can be formed with a desired thick 
ness, and whether bubbles are not generated in the formed 
organic buffer layer. 
0059 Next, the second organic buffer layer 192 is formed 
by printing the same organic buffer layer material as 
described above on the first organic buffer layer 191 by a 
screen printing method in a low pressure atmosphere, apply 
ing pressure thereto in a nitrogen gas atmosphere, and heating 
the material at a temperature of 60 to 100° C. to completely 
harden the material. The organic buffer layer material printed 
when the second organic buffer layer 192 is formed comes 
into contact with the first organic buffer layer 191, not the 
cathode protecting layer 18. Therefore, when the same mate 
rial as that forming the first organic buffer layer 191, having 
relatively high wettability, is used, it is difficult to satisfy 
01<02. Therefore, in this embodiment, the second organic 
buffer layer 192 is formed of a material that slightly differs 
from the organic buffer layer material used for forming the 
first organic buffer layer 191 in at least one of viscosity and 
composition. 
0060. Then, an oxygen plasma process is performed in a 
low pressure atmosphere again to form the gas barrier layer 
20 so as to completely cover the first organic buffer layer 191 
and the second organic buffer layer 192 including their edges, 
by using a high-density plasma deposition method, such as an 
ECR Sputtering method oranion plating method. The oxygen 
plasma process is performed to improve adhesion between 
the second organic buffer layer 192 and the gas barrier layer 
20. Subsequently, a resin adhesive having high transmittance 
is applied so as to cover the inorganic insulating layer 12, the 
cathode protecting layer 18, and the gas barrier layer 20, and 
the entire lower surface of the surface protecting substrate 22 
is brought into contact with the resin adhesive. Then, the resin 
adhesive is hardened to form the adhesive layer 21. Alterna 
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tively, a liquid adhesive may be used instead of the resin 
adhesive, or the second gas barrier layer 12 and the Surface 
protecting substrate 22 may be bonded to each other by inter 
posing a sheet-shaped adhesive between the second gas bar 
rier layer 12 and the surface protecting substrate 22 and 
applying pressure thereto. 

Effects 

0061. In the organic EL panel according to this embodi 
ment, since the organic buffer layer has a two-layer structure, 
the thickness of each of the organic buffer layers is smaller 
than that of the organic buffer layer having a single-layer 
structure. Therefore, the angle of the edge of each of the 
organic buffer layers is smaller than that of the organic buffer 
layer having a single-layer structure. More specifically, the 
angle of the first edge portion 191c of the first organic buffer 
layer 191 is smaller than 20°. In addition, a region of the main 
substrate 10 overlapping the second organic buffer layer 192 
is included in a region of the main Substrate 10 overlapping 
the first organic buffer layer 191, and the second constant 
portion 192b and the second edge portion 192c overlap the 
first constant portion 191b. Therefore, the angle of a rising 
portion of the gas barrier layer 20 slightly increases, which 
makes it difficult for the gas barrier layer 20 to be split or 
peeled off. Thus, according to the organic EL panel of this 
embodiment, since the gas barrier layer 20 is hardly split or 
peeled off, it is possible to reliably seal a plurality of organic 
EL elements P1 with the gas barrier layer 20. 
0062. Further, according to the organic EL panel, the 
thickness of the second organic buffer layer 192, which is an 
upper layer, is larger than that of the first organic buffer layer 
191, which is a lower layer, but the size of the second organic 
buffer layer 192 is smaller than that of the first organic buffer 
layer 191. Therefore, in order to improve the sealing property 
of the plurality of organic EL elements P1, even when the total 
thickness of the first organic buffer layer 191 and the second 
organic buffer layer 192 is sufficiently large, the rise angle of 
the gas barrier layer 20 is equal to that of the first edge portion 
191c of the first organic buffer layer 191 having a smaller 
thickness than the second organic buffer layer 192. In addi 
tion, since the second constant portion 192b and the second 
edge portion 192c overlap the first constant portion 191b, the 
gas barrier layer 20 rises along the first edge portion 191c and 
the second edge portion at the rising portion. Therefore, even 
when the thickness of the second organic buffer layer 192, 
which is an upper layer having a small size, is large and the 
angle of the second edge portion 192c is inclined at a large 
angle, the gas barrier layer 20 gradually rises. In this way, it is 
possible to sufficiently increase the total thickness of the first 
organic buffer layer 191 and the second organic buffer layer 
191 overlapping the plurality of organic EL elements P1 
while gradually raising the gas barrier layer 20. 
0063 For example, a cap-shaped sealing substrate is used 
to seal the organic EL elements. Meanwhile, an increase in 
the size of the organic EL panel and a reduction in the thick 
ness and weight thereofhave been demanded. In order to meet 
the demands, when the cap-shaped sealing Substrate is used, 
the edges of the sealing Substrate and the main Substrate are 
sealed by an adhesive, which makes it difficult to make the 
organic EL panel have sufficient strength against external 
stress. In contrast, in the organic EL panel according to this 
embodiment, a so-called thin sealing film comes into contact 
with the plurality of organic EL elements P1 with a large 
contact area to seal the organic EL elements P1, which makes 

Aug. 19, 2010 

it possible to remarkably improve the strength of the organic 
EL panel, to prevent the gas barrier layer from being cracked 
or peeled off, and to improve the sealing property of the 
plurality of organic EL elements P1. Therefore, the organic 
EL panel according to this embodiment can meets the 
demands for an increase in the size of the organic EL panel 
and a reduction in the thickness and weight thereof. When the 
size of the organic EL panel becomes large, the number of 
TFTs and wiring lines provided between the organic EL ele 
ments and the main substrate increases. Therefore, in a bot 
tom emission type in which light from an organic light-emit 
ting layer is emitted from the main Substrate, the aperture 
ratio of pixels may be reduced and thus luminous efficiency 
may be lowered. However, since the organic EL panel is a top 
emission type, the above-mentioned problems do not arise. 
0064. In order to prevent the adhesion of a foreign mate 

rial. Such as dust, or water, it is preferable that the organic EL 
panel be manufactured under a high vacuum lower than 1 Pa. 
However, since the organic buffer layer material is in a liquid 
state, it is difficult to form the organic buffer layer under high 
vacuum. Therefore, in this embodiment, the organic buffer 
layer is formed by a screen printing method in a low pressure 
atmosphere in the range of 100 to 5000 Pa. This contributes to 
the removal of pinholes of the gas barrier layer by removing 
bubbles generated at the time of coating and covering the 
foreign material. In addition, the gas barrier layer is formed 
by a high-density plasma deposition method under a high 
vacuum of 0.1 to 10 Pa at low temperature. Therefore, when 
the gas barrier layer is formed, the plurality of organic EL 
elements are not damaged. As can be apparently seen from the 
above-mentioned manufacturing procedure, a process of 
sealing the organic EL panel is little affected by minute for 
eign materials existing even in a clean room. This is very 
advantageous, considering the fact that it is difficult to per 
form a cleaning process until the sealing process is finished 
once the formation of the organic light-emitting layer starts. 

Second Embodiment 

0065. An organic EL panel according to a second embodi 
ment of the invention is similar to the organic EL panel 
according the first embodiment except for the structure of an 
organic buffer layer. 
0.066 FIG. 3 is a cross-sectional view of the organic EL 
panel. FIG. 4 is an enlarged cross-sectional view illustrating 
a portion B of the organic EL panel. In the organic EL panel, 
a first organic buffer layer 193 is formed on a cathode pro 
tecting layer 18 so as to overlap a plurality ofEL elements P1. 
A second organic buffer layer 194 is formed on the first 
organic buffer layer 193 so as to cover the first organic buffer 
layer 193. A gas barrier layer 20 is formed on the cathode 
protecting layer 18, the first organic buffer layer 193, and the 
second organic buffer layer 194 so as to cover both the organic 
buffer layers. 
0067. The first organic buffer layer 193 and the second 
organic buffer layer 194 are provided to improve the flatness 
and adhesion of the gas barrier layer 20 and to buffer stress 
occurring in the gas barrier layer 20. The organic buffer layers 
are formed by applying the above-mentioned organic buffer 
layer material in a low pressure atmosphere and hardening the 
material. Then, the two organic buffer layers are bonded to 
each other. A region of the main Substrate 10 overlapping the 
first organic buffer layer 193 is included in another region of 
the main substrate 10 overlapping the second organic buffer 
layer 194. 
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0068. The first organic buffer layer 193 includes a first 
covering portion 193a overlapping all the organic EL ele 
ments P1, a first constant portion 193b that has a constant 
thickness and surrounds the first covering portion 193a, and a 
first edge portion 193c that surrounds the first constant por 
tion 193b and is tapered off toward the edgethereof. Since the 
first organic buffer layer 193 is formed by applying a liquid 
material, an angle 03 formed between the upper surface of the 
first edge portion 193c and the upper surface of the main 
substrate 10 at the edge of the first organic buffer layer 193 
corresponds to the thickness of the first constant portion 193b. 
0069. Meanwhile, the second organic buffer layer 194 
includes a second covering portion 194a overlapping all the 
organic EL elements P1, a second constant portion 194b that 
has a constant thickness and Surrounds the second covering 
portion 194a, and a second edge portion 194c that surrounds 
the second constant portion 194b and is tapered off toward the 
edge thereof. The second organic buffer layer 194 is formed 
by applying a liquid material, and the application is per 
formed to planarize the upper Surface of the second covering 
portion 194a. 
0070. In this embodiment, the upper limit of the thickness 
of the second constant portion 194b is determined such that a 
rise angle 04 of the second edge portion 194c is smaller than 
20° at the edge of the second organic buffer layer 194. When 
the second organic buffer layer 194 is formed to satisfy the 
condition, the thickness of the first constant portion 193b, that 
is, the rise angle 03 of the first organic buffer layer 193 is 
determined such that the upper surface of the second covered 
potion 194a is planarized. In this embodiment, 63 is approxi 
mately equal to 04. In addition, the thickness of the first 
organic buffer layer 193 is determined, considering the height 
of pixel partition walls or the ratio of light leaking from the 
side surface of the surface protecting substrate 22 or the side 
surface of an adhesive layer, which will be described later, 
Such that light effectively passes through the upper Surface of 
the Surface protecting Substrate 22 having, for example, the 
function of a color filter. 

0071. In the organic EL panel according to this embodi 
ment, the organic buffer layer has a two-layer structure, and a 
region of the main Substrate 10 overlapping the first organic 
buffer layer 193, which is a lower layer, is included in a region 
of the main Substrate 10 overlapping the second organic 
buffer layer 194, which is an upper layer. In addition, the 
thickness of the first organic buffer layer 193 is larger than 
that of the second organic buffer layer 194. Further, the first 
constant portion 193b and the first edge portion 193c overlap 
the second constant portion 194b. Therefore, the organic EL 
panel according to the second embodiment can obtain the 
same effects as the organic EL panel according to the first 
embodiment. 

0072. In the organic EL panels according to the first and 
second embodiments, it is difficult for the gas barrier layer to 
be split or peeled off, which makes it possible for light to be 
continuously emitted with uniform brightness for a longtime. 
Experiments are made to prove the above. According to the 
experiments, the organic EL panels according to the first and 
second embodiments and other organic EL panels are con 
tinuously exposed at a temperature of 60° C. and a relative 
humidity (RH) of 90% for 600 hours, and the luminous state 
after the exposure is examined. The organic EL panels used 
for the experiments each have pixel partition walls having an 
average step difference of 3 um, organic buffer layers formed 

Aug. 19, 2010 

of epoxy resin, and a gas barrier layer (having a thickness of 
500 nm) formed of silicon oxynitride. 
0073. As the results of the experiments, in the organic EL 
panel having only one organic buffer layer that includes a 
constant portion having a thickness of 20 um (an angle 
formed between the upper surface of the organic buffer layer 
and the upper Surface of the main Substrate at the edge of the 
organic buffer layer is in the range of 20 to 25°), some of the 
plurality of organic EL elements arranged in a peripheral 
portion (the periphery of a tapered portion of the organic 
buffer layer) have bad luminous efficiency. In the organic EL 
panel which has two organic buffer layers, each including a 
constant portion having a thickness of 10 um, and in which a 
region of the main Substrate overlapping a lower gas barrier 
layer completely corresponds to a region of the main substrate 
overlapping an upper gas barrier layer (an angle formed 
between the upper surface of the organic buffer layer and the 
upper Surface of the main Substrate at the edge of the organic 
buffer layer is in the range of 25 to 30°), some of the plurality 
of organic EL elements arranged in a peripheral portion have 
bad luminous efficiency. The reason why the organic EL 
elements arranged in the peripheral portion have bad lumi 
nous efficiency in both the organic EL panels is that the gas 
barrier layer positioned in the vicinity of a tapered portion of 
the organic buffer layer is split or peeled off, which causes 
water to be infiltrated thereinto. 
0074. In contrast, in the organic EL panel according to the 
second embodiment which has two organic buffer layers, 
each having a thickness of 10 um, and in which a region of the 
main Substrate overlapping one organic buffer layer close to 
the main Substrate is included in another region of the main 
substrate overlapping the other organic buffer layer far from 
the main Substrate (an angle formed between the upper Sur 
face of the organic buffer layer having a larger size and the 
upper Surface of the main Substrate at the edge of the organic 
buffer layer is in the range of 10 to 15°), all the organic EL 
elements have good luminous efficiency. 
0075. In the organic EL panel according to the first 
embodiment which has two organic buffer layers, that is, a 
first organic buffer layer having a thickness of 5 um and a 
second organic buffer layer having a thickness of 10 um and 
in which a region of the main Substrate overlapping the sec 
ond organic buffer layer is included in another region of the 
main Substrate overlapping the first organic buffer layer (an 
angle formed between the upper Surface of the first organic 
buffer layer and the upper surface of the main substrate at the 
edge of the first organic buffer layer is in the range of 5 to 10), 
all the organic EL elements have good luminous efficiency. In 
addition, in the organic EL panel including the second organic 
buffer layer (having a small size) having a thickness of 20um 
(an angle formed between the upper surface of the first 
organic buffer layer and the upper Surface of the main Sub 
strate at the edge of the first organic buffer layer is in the range 
of 5 to 10), all the organic EL elements also have good 
luminous efficiency. 

Third Embodiment 

0076. The structure of an organic buffer layerofan organic 
EL panel according to a third embodiment of the invention is 
the same as that of the organic buffer layer of the organic EL 
panel according to the second embodiment. However, the 
organic EL panel according to the third embodiment is a full 
color panel using a low-molecular-weight-based organic EL 
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material, which will be described later, and can perform full 
color display using organic EL elements emitting white light 
and color filters. 

Structure 

0077 FIG. 5 is a cross-sectional view illustrating the 
organic EL panel, and FIG. 6 is an enlarged cross-sectional 
view illustrating a portion C of the organic EL panel. The 
organic EL panel includes a flat main substrate 30. The main 
substrate 30 is formed of glass or plastic, and a plurality of 
organic EL elements P2 are formed on the main substrate 30. 
The organic EL element P2 is an element that emits white 
light, has an organic light-emitting layer 37 formed of a 
low-molecular-weight-based organic EL material, which will 
be described later, and is supplied with electric energy to 
cause the organic light-emitting layer 37 (specifically, a light 
emitting layer within the organic light-emitting layer 37) to 
emit light. 
0078. Further, a plurality of TFTs 31, which correspond to 
the plurality of organic EL elements P2, and various wiring 
lines (not shown) are formed on the main substrate 30. Similar 
to the TFTs 11 in the second embodiment, the TFTs 31 drive 
the corresponding organic EL elements P2. In addition, an 
inorganic insulating layer 32 is formed on the main substrate 
30 so as to cover the plurality of TFTs 31. The inorganic 
insulating layer 32 is provided to insulate the plurality of 
TFTs 31 from various wiring lines and is formed of for 
example, silicon nitride. 
0079. On a planarizing layer 33 removing a step difference 
caused by the wiring lines or the TFTs, a pixel partition wall 
insulation layer 36 that goes up from concave portions of the 
planarizing layer 33 is formed of an organic compound, Such 
as polyimide or acrylic resin. The upper end of the pixel 
partition wall insulation layer 36 is positioned to be higher 
than convex portions of the planarizing layer 33, and the 
planarizing layer 33 and the pixel partition wall insulation 
layer 36 define the concave portions. A metal reflective layer 
34 for reflecting light emitted from the organic EL element P2 
through the anode 35 is formed in the planarizing layer 33, 
and the metal reflective layer 34 is formed of a reflective 
metallic material. An inorganic insulating layer for prevent 
ing corrosion is provided on the metal reflective layer 34 
below the bottom of the concave portion, and the anode 35 
formed of ITO having a high work function is formed thereon. 
0080. The organic EL elements P2 each have the anode 35 
and a common cathode layer 38 with the organic light-emit 
ting layer 37 interposed therebetween. The anode 35 and the 
common cathode layer 38 serve as electrodes for injecting 
holes and electrons into the organic light-emitting layer 37. 
The anode 35 is a thin transparent electrode that is formed on 
the planarizing layer 33 and is formed of, for example, a 
metallic material, such as aluminum, or ITO. The anode 35 is 
connected to the corresponding TFT 31 through a gap 
between the planarizing layer 33 and the pixel partition wall 
insulation layer 36. The common cathode layer 38 is formed 
on the organic light-emitting layer 37 and the pixel partition 
wall insulation layer 36 and serves as a common electrode 
with respect to the plurality of organic EL elements P2. For 
example, the common cathode layer38 has an electron injec 
tion buffer layer, which facilitates electrons to be injected into 
the organic light-emitting layer37, and a low-resistance layer, 
Such as a transparent ITO layer formed on the electron injec 
tion layer or an aluminum layer that is formed on a non-pixel 
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region. The electron injection buffer layer is formed of, for 
example, lithium fluoride or magnesium-silver alloy. 
I0081. The organic light-emitting layer 37 corresponds to 
the organic light-emitting layer 16 in the second embodiment. 
The organic light-emitting layer 37 according to the third 
embodiment differs from the organic light-emitting layer 16 
according to the second embodiment in that the organic light 
emitting layer 37 is formed continuously on the anode 35 and 
the pixel partition wall insulation layer 36 and is formed of a 
low-molecular-weight-based organic EL material. The low 
molecular-weight-based organic EL material is an organic 
compound having a relatively low molecular weight, among 
organic compounds that emit light by excitation due to the 
recombination of holes and electrons. Examples of the low 
molecular-weight-based organic EL material include, for 
example, a material obtained by doping anthracene-based 
impurities into styrylamine-base host, and a material 
obtained by doping rubrene-based impurities into styry 
lamine-base host. When the organic light-emitting layer 37 
includes an additional layer contributing to the recombination 
in the light-emitting layer, a material forming the additional 
layer is determined according to a material forming a layer 
adjacent to the additional layer. For example, the hole injec 
tion layer is formed of triallylamine (ATP) polymer, and the 
hole transport layer is formed of for example, a triphenyl 
diamine (TPD) based compound. In addition, the electron 
injection layer is formed of for example, an aluminum quino 
linol complex. 
I0082 Furthermore, a cathode protecting layer 39 is 
formed on the inorganic insulating layer 32 and the common 
cathode layer 38 so as to cover the common cathode layer 38 
and the planarizing layer 33. In addition, a first organic buffer 
layer 195 is formed on the cathode protecting layer 39 so as to 
completely cover the plurality of organic EL elements P2, the 
pixel partition wall insulation layer 36, and the planarizing 
layer 33. In addition, a second organic buffer layer 196 is 
formed on the cathode protecting layer39 and the first organic 
buffer layer 195 so as to cover the first organic buffer layer 
195. A gas barrier layer 20 is formed on the cathode protecting 
layer 39 and the second organic buffer layer 196 so as to cover 
the second organic buffer layer 196. 
I0083. The cathode protecting layer 39, the first organic 
buffer layer 195, and the second organic buffer layer 196 
correspond to the cathode protecting layer 18, the first organic 
buffer layer 193, and the second organic buffer layer 194 of 
the second embodiment. Therefore, the first organic buffer 
layer 195 includes a first covering portion 195a overlapping 
all the organic EL elements P2, a first constant portion 195b 
that has a constant thickness and Surrounds the first covering 
portion 195a, and a first edge portion 195c that surrounds the 
first constant portion 195b and is tapered off toward the edge 
thereof. Meanwhile, the second organic buffer layer 196 
includes a second covering portion 196a overlapping all the 
organic EL elements P2, a second constant portion 196b that 
has a constant thickness and Surrounds the second covering 
portion 196a, and a second edge portion 196c that surrounds 
the second constant portion 196b and is tapered off toward the 
edge thereof. 
I0084. In this embodiment, the upper limit of the thickness 
of the second constant portion 196b is determined such that a 
rise angle 06 of the second edge portion 196c is smaller than 
20° at the edge of the second organic buffer layer 196. When 
the second organic buffer layer 196 is formed to satisfy the 
condition, the thickness of the first constant portion 195b, that 



US 2010/0207519 A1 

is, a rise angle 05 of the first organic buffer layer 195 is 
determined such that the upper surface of the second covered 
potion 196a is planarized. In this embodiment, 05 is approxi 
mately equal to 06. In addition, the thickness of the first 
organic buffer layer 195 is determined, considering coatabil 
ity for a step difference between pixel partition walls or the 
ratio of light leaking from the side surface of an adhesive layer 
21, which will be described later, without reaching the lower 
surface of the color filter substrate 42. 
0085. Furthermore, an adhesive layer 21 is formed on the 
main Substrate 30 so as to cover the inorganic insulating layer 
32, the cathode protecting layer 39, and the gas barrier layer 
20. In addition, a color filter substrate 42 is fixed to the 
adhesive layer 21 so as to completely overlap the adhesive 
layer 21. The entire lower surface of the color filter substrate 
42 is adjacent to the adhesive layer 21. The color filter sub 
strate 42 is provided to extract red, green, and blue light 
components from light components emitted from the organic 
EL elements P2, and includes a black matrix layer 43 having 
low light transmittance and filter layers 44 that cover open 
ings formed in the black matrix layer 43. The black matrix 
layer 43 has a plurality of openings. In addition, three types of 
filter layers 44, that is, a filter layer for transmitting only red 
light, a filter layer for transmitting only greenlight, and a filter 
layer for transmitting only blue light, are provided. Each of 
the filter layers 44 overlaps the organic EL elements P2. The 
red, green, and blue light components of the light components 
emitted from the organic EL elements P2 overlapping the 
filter layers 44 are transmitted through the corresponding 
filter layers 46, respectively. Furthermore, the color filter 
Substrate 42 serves to protect the gas barrier layer, and por 
tions other than the black matrix layer 43 and the filter layers 
44 are formed of glass or plastic having high light transmit 
tance. Examples of the plastic include polyethylenetereph 
thalate, acrylic resin, polycarbonate, and polyolefin. In addi 
tion, the color filter substrate 42 may have a function of 
blocking/absorbing ultraviolet rays, a function of preventing 
reflection of external light, or a function of heat dissipation. 

Manufacturing Procedure 
I0086. In order to manufacture the organic EL panel 
according to the present embodiment, first, the TFTs 31, 
various wiring lines, and the inorganic insulating layer 32 are 
formed on the main substrate 30. Then, the planarizing layer 
33 and the metal reflective layer 34 are formed on the inor 
ganic insulating layer32. Then, in order to prevent corrosion 
of the metal reflective layer 34, the surface and a peripheral 
portion of the metal reflective layer 34 are coated with an 
inorganic insulating layer, and then a plurality of anodes 35 
are formed. Thus, the TFTs 31 and the anodes 35 are con 
nected to each other in a one-to-one manner. As a method of 
forming the anodes 35, it is possible to use one of the known 
methods suitable for a material forming the anodes 35. Then, 
the pixel partition wall insulation layer 36 is formed on parts 
of the anodes 35 and the planarizing layer 33 by coating and 
patterning, for example, polyimide. Then, a cleaning process, 
Such as plasma cleaning, is performed to remove organic 
based contamination from the main substrate 30 or to increase 
the work function. 
0087. Thereafter, the organic light-emitting layer 37 com 
mon to the plurality of organic EL elements P2 is formed on 
the exposed anodes 35. In this process, a light-emitting layer 
is formed of a low-molecular-weight-based organic EL mate 
rial. The process of forming the organic light-emitting layer 
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37 is performed using a vacuum deposition method using a 
heating boat. The vacuum deposition method can also be 
applied to a case in which the organic light-emitting layer 37 
includes only a light-emitting layer or a case in which the 
organic light-emitting layer 37 includes a plurality of layers. 
When the organic light-emitting layer 37 includes the plural 
ity of layers, the plurality of layers are sequentially formed. 
I0088. Then, an electrode common to the plurality of 
organic EL elements P2, that is, the common cathode layer 38 
is formed. Subsequently, an oxygen plasma process is per 
formed, and then the cathode protecting layer 39 is formed so 
as to cover the common cathode layer 38. Then, the first 
organic buffer layer 195 is formed on the cathode protecting 
layer 39 by using a screen printing method in a low pressure 
atmosphere, and the second organic buffer layer 196 is 
formed. Successively, an oxygen plasma process is per 
formed to form the gas barrier layer 20 so as to cover the 
second organic buffer layer 196. 
I0089. Subsequently, a resin adhesive having high light 
transmittance is coated so as to cover the inorganic insulating 
layer 32, the cathode protecting layer 39, and the gas barrier 
layer 20. Then, the entire lower surface of the color filter 
Substrate 42 comes in contact with the resin adhesive, and the 
resin adhesive is cured, thereby forming the adhesion layer 
21. This curing is performed at locations at which a plurality 
of filters 44 of the color filter substrate 42 overlap the corre 
sponding plurality of organic EL elements P2. In addition, a 
variation of the adhesion of the Surface protecting Substrate 
22 in the first embodiment can also be applied to a variation of 
the adhesion of the color filter substrate 42. 

Effects 

0090. In the organic EL device according to this embodi 
ment, the organic buffer layer has a two-layer structure, and a 
region of the main Substrate 30 overlapping the first organic 
buffer layer 195, which is a lower layer and a smaller size, is 
included in a region of the main substrate 30 overlapping the 
second organic buffer layer 196, which is an upper layer and 
has a larger area. In addition, the thickness of the first organic 
buffer layer 195 is larger than that of the second organic buffer 
layer 196. Further, the first constant portion 195b and the first 
edge portion 195c overlap the second constant portion 196b. 
In this way, the organic EL panel according to the third 
embodiment can have the same effects as the organic EL 
panel according to the second embodiment. 

Fourth Embodiment 

0091 FIG. 7 is a cross-sectional view illustrating an 
organic EL panel according to a fourth embodiment of the 
invention. FIG. 8 is an enlarged cross-sectional view illustrat 
ing a portion D of the organic EL panel. As can be apparently 
seen from FIGS. 7 and 8, the organic EL panel according to 
the fourth embodiment is similar to the organic EL panel 
according to the first embodiment except for the structure of 
a gas barrier layer. 
0092. In the organic EL panel according to this embodi 
ment, the gas barrier layer is divided into a first gas barrier 
layer 201 and a second gas barrier layer 202. The first gas 
barrier layer 201 is formed on the cathode protecting layer 18, 
the first organic buffer layer 191, and the second organic 
buffer layer 192 such that it adheres closely to the first organic 
buffer layer 191 and the second organic buffer layer 192 to 
cover the first and second organic buffer layers 191 and 192. 
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The second gas barrier layer 202 is formed on the first gas 
barrier layer 201 such that it covers a plurality of organic EL 
elements P1 and the edge of the first organic buffer layer 191 
is exposed. The two gas barrier layers are formed of the same 
material as the gas barrier layer 20 according to the first 
embodiment, and are closely adhered to each other. 
0093. The first gas barrier layer 201 contributes to improv 
ing the sealing of the first organic buffer layer 191, the second 
organic buffer layer 192, and the plurality of organic EL 
elements P1. The thickness of the first gas barrier layer 201 is 
in the range of 200 nm to 400 nm. The lower limit of the range 
is determined so as to sufficiently seal the side surfaces of the 
organic buffer layers and the peripheries thereof. The second 
gas barrier layer 202 contributes to improving the sealing of 
the plurality of organic EL elements P1. The thickness of the 
second gas barrier layer 202 is in the range of 200 nm to 800 
nm. In this embodiment, the thicknesses of the two gas barrier 
layers are restricted such that the sum of the thickness of the 
first gas barrier layer 201 and the thickness of the second gas 
barrier layer 202, that is, the total thickness of the two gas 
barrier layers is smaller than 1000 nm. The restriction of 
thickness is determined considering the degree of the sealing 
of the plurality of organic EL elements P1, the possibility of 
the gas barrier layer being cracked or peeled off, and manu 
facturing costs. 
0094. The organic EL panel according to the fourth 
embodiment can obtain the same effects as the organic EL 
panel according to the first embodiment. It is necessary to 
increase the thickness of the gas barrier layer in order to 
improve the sealing property. However, when the gas barrier 
layer has a constant thickness over the entire range, stress 
concentrates on a non-flat portion of the gas barrier layer. In 
contrast, according to this embodiment, since the gas barrier 
layer includes the first gas barrier layer 201 and the second 
gas barrier layer 202, it is possible to sufficiently increase the 
total thickness of the gas barrier layers overlapping all the 
organic EL elements P1 and to decrease the thickness of the 
gas barrier layers at the edge of the first organic buffer layer 
191 where the gas barrier layers rise. Thus, it is possible to 
improve the sealing property of the plurality of organic EL 
elements P1 and to prevent the gas barrier layer from being 
cracked or peeled off. 

Fifth Embodiment 

0095 FIG. 9 is a cross-sectional view illustrating an 
organic EL panel according to a fifth embodiment of the 
invention. FIG. 10 is an enlarged cross-sectional view illus 
trating a portion E of the organic EL panel. As can be appar 
ently seen from FIGS.9 and 10, the organic EL panel accord 
ing to the fifth embodiment is similar to the organic EL panel 
according to the second embodiment except for the structure 
of a gas barrier layer. The organic EL panel according to this 
embodiment includes a first gas barrier layer 203 and a second 
gas barrier layer 204 corresponding to the first gas barrier 
layer 201 and the second gas barrier layer 202 according to 
the fourth embodiment, respectively. 
0096. The organic EL panel according to the fifth embodi 
ment can obtain the same effects as the organic EL panel 
according to the second embodiment. The first gas barrier 
layer 203 and the second gas barrier layer 204, serving as the 
gas barrier layer, make it possible to improve the sealing 
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property of a plurality of organic EL elements P1 and to 
prevent the gas barrier layer from being cracked or peeled off. 

Sixth Embodiment 

0097 FIG. 11 is a cross-sectional view illustrating an 
organic EL panel according to a sixth embodiment of the 
invention. FIG. 12 is an enlarged cross-sectional view illus 
trating a portion F of the organic EL panel. As can be appar 
ently seen from FIGS. 11 and 12, the organic EL panel 
according to the sixth embodiment is similar to the organic 
EL panel according to the third embodiment except for the 
structure of a gas barrier layer. The organic EL panel accord 
ing to this embodiment includes a first gas barrier layer 205 
and a second gas barrier layer 206 corresponding to the first 
gas barrier layer 203 and the second gas barrier layer 204 
according to the fifth embodiment, respectively. 
0098. The organic EL panel according to the sixth embodi 
ment can obtain the same effects as the organic EL panel 
according to the third embodiment. The first gas barrier layer 
205 and the second gas barrier layer 206, serving as the gas 
barrier layer, make it possible to improve the sealing property 
of a plurality of organic EL elements P1 and to prevent the gas 
barrier layer from being cracked or peeled off. 

Modifications 

0099. According to a modification of the above-described 
embodiments, three organic buffer layers may be provided. 
However, in these organic buffer layers, a region of the main 
Substrate overlapping one organic buffer layer should not 
completely overlap a region of the main Substrate overlapping 
another organic buffer layer. This structure is similarly 
applied to the gas barrier layer. As a modification of the fourth 
to sixth embodiments, the second barrier layer far from the 
main substrate may cover the first barrier layer close to the 
main Substrate. 
0100. According to another modification of the above 
described embodiments, a panel emitting monochromatic 
light may be used, or a full color panel having a color con 
version layer may be used. Alternatively, a bottom-emission 
type panel may be used. In this case, only the layers below the 
light-emitting layer need to have high transmittance. There 
fore, when the common cathode layer is arranged above the 
light-emitting layer, the common cathode layer formed of a 
metallic material having low resistance. Such as aluminum, 
may be formed with a large thickness on the entire surface of 
the light-emitting layer. 

Electronic Apparatus 

0101 The above-mentioned organic EL panel can be 
applied to various electronic apparatuses. In the invention, the 
organic EL panel is applied to an image display apparatus and 
an image printing apparatus. 

Image Display Apparatus 

0102 An image display apparatus having the organic EL 
panel includes wiring lines for Supplying electric energy and 
controls signals to the organic EL panel and a circuit for 
generating control signals allowing an optical image to be 
formed on the organic EL panel on the basis of image data 
Supplied from an external device. Various types of image 
display apparatuses can be used, but in the invention, two 
types of image display apparatuses are exemplified. 
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0103 FIG. 13 shows the structure of a personal computer 
using the above-mentioned organic EL panel as a display unit 
31. A personal computer 30 includes the display unit 31, 
serving as a display device, and a main body 32. The main 
body 32 is provided with a power switch 33 and a keyboard 
34. Since the personal computer 30 uses the above-mentioned 
organic EL panel as the display unit 31, it is possible to meet 
demands for an increase in the size of the display unit 31 and 
a reduction in the thickness and weight of the display device 
31. In addition, since the quality of light emitted from the 
organic EL panel is hardly deteriorated, it is easy to keep 
display quality for a long time. 
0104 FIG. 14 shows the structure of a cellular phone using 
the above-mentioned organic EL panel as a display unit 41. A 
cellular phone 40 includes a plurality of operating buttons 42, 
a plurality of scroll buttons 43, and the display unit 41 serving 
as a display device. The scroll button 43 is operated to scroll 
a screen displayed on the display unit 41. Since the cellular 
phone 40 uses the above-mentioned organic EL panel as the 
display unit 41, it is possible to meet demands for a reduction 
in the thickness and weight of the display device 41. In addi 
tion, since the quality of light emitted from the organic EL 
panel is hardly deteriorated, it is easy to keep display quality 
for a long time. 

Image Printing Apparatus 

0105 Next, an image printing apparatus using the above 
mentioned organic EL panel will be described. This type of 
image printing apparatus includes a printer, a printing unit of 
a copy machine, and a printing unit of a facsimile. The above 
mentioned organic EL panel can be applied to various types of 
image printing apparatuses. However, in the invention, two 
types of electrophotographic full color image printing appa 
ratuses are used as examples of the image printing apparatus. 
0106 FIG. 15 is a longitudinal sectional view showing an 
example of an image printing apparatus using the above 
described organic EL panels as line-type exposure heads. The 
image printing apparatus is a tandem-type full-color image 
printing apparatus using a belt intermediate transfer method. 
In the image printing apparatus, four exposure heads 10K, 
10C, 10M, and 10Y having the same configuration are 
arranged at exposure positions of four corresponding photo 
conductor drums (image carriers) 110K, 110C, 110M, and 
110Y having the same configuration. 
0107 As shown in FIG. 15, the image printing apparatus is 
provided with a driving roller 121 and a driven roller 122, and 
an endless intermediate transfer belt 120 is wound around 
these rollers 121 and 122 so as to rotate around the rollers 121 
and 122 in a direction represented by arrow. Although not 
shown in FIG. 15, the image printing apparatus may be pro 
vided with a tension applying member, Such as a tension 
roller, that applies tension to the intermediate transfer belt 
120. 

0108. The four photoconductor drums 110K, 110C, 
110M, and 110Y each having a photosensitive layer on its 
outer peripheral Surface are arranged at predetermined inter 
vals from each other around the intermediate transfer belt 
120. The suffixes K. C. M., and Y mean black, cyan, magenta, 
and yellow used for forming corresponding toner images, 
respectively. This is similarly applied to other members. The 
photoconductor drums 110K, 110C, 110M, and 110Y are 
driven to rotate in synchronization with the driving of the 
intermediate transfer belt 120. 
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0109. A corona charging device 111 (K.C.M., and Y), the 
exposure head 10 (K. C. M., and Y), and a developing device 
114 (K.C.M., and Y) are arranged around each photoconduc 
tor drum 110 (K.C. M., and Y). The corona charging device 
111 (K. C. M., and Y) uniformly charges the outer peripheral 
surface of the corresponding photoconductor drum 110 (K.C. 
M, and Y). The exposure head 10 (K.C. M., and Y) writes an 
electrostatic latent image on the charged outer peripheral 
surface of the photoconductor drum. The exposure heads 10 
(K. C. M. or Y) are arranged such that a plurality of organic 
EL elements are aligned along the generatrix (main scanning 
direction) of each of the photoconductor drums 110 (K.C.M. 
or Y). The writing of an electrostatic latent image is per 
formed by radiating the photoconductor drums with light 
from the plurality of organic EL elements. The developing 
device 114 (K. C. M., and Y) deposits toner, serving as a 
developing agent, on the electrostatic latent image to form a 
toner image, i.e., a visible image on the corresponding pho 
toconductor drum. 

0110. The black, cyan, magenta, and yellow toner images 
formed by the four single-color toner image forming stations 
are primarily transferred onto the intermediate transfer belt 
120 sequentially so as to be Superposed onto one another on 
the intermediate transfer belt 120. As a result, a full-color 
toner image is obtained. Four primary transfer corotrons 
(transferring device) 112 (K.C.M., and Y) are arranged inside 
the intermediate transfer belt 120. The primary transfer 
corotrons 112 (K. C. M., and Y) are arranged in the vicinities 
of the photoconductor drums 110 (K. C. M. and Y), respec 
tively, and electrostatically attract the toner images from the 
photoconductor drums 110 (K. C. M., and Y) to transfer the 
toner images onto the intermediate transfer belt 120 passing 
between the photoconductor drums and the primary transfer 
COrOtrOnS. 

0111. A sheet 102 as a target on which an image is to be 
finally formed is fed one by one from a sheet feed cassette 101 
by a pickup roller 103, and is then sent to a nip between the 
intermediate transfer belt 120 abutting on the driving roller 
121 and a secondary transfer roller 126. The full-color toner 
images on the intermediate transfer belt 120 are secondarily 
transferred onto one side of the sheet 102 collectively by the 
secondary transfer roller 126, and then the transferred image 
passes between a pair of fixing rollers 127, serving as a fixing 
unit, to be fixed on the sheet 102. Thereafter, the sheet 102 is 
discharged to a sheet discharge cassette that is formed on the 
top of the image printing apparatus, by a pair of sheet dis 
charge rollers 128. 
0112 Further, according to the above-described image 
printing apparatus, since the above-mentioned organic EL 
panels are used as the exposure heads 10 (K, C, M and Y), it 
is possible to meet demands for a reduction in the size of the 
exposure head. In addition, since the quality of light emitted 
from the organic EL panel is hardly deteriorated, it is easy to 
keep display quality for a long time. 
0113 FIG. 16 is a longitudinal sectional view showing 
another image printing apparatus using the above-mentioned 
EL panel as a line-type exposure head. The image printing 
apparatus is a rotary-development-type full-color image 
printing apparatus using a belt intermediate transfer method. 
0114. In the image printing apparatus shown in FIG. 16, a 
corona charging device 168, a rotary developing unit 161, an 
exposure head 167, and an intermediate transfer belt 169 are 
provided around a photoconductor drum (image carrier) 165. 
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0115 The corona charging device 168 uniformly charges 
the outer peripheral surface of the photoconductor drum 165. 
The exposure head 167 writes an electrostatic latent image on 
the charged outer peripheral surface of the photosensitive 
drum 165. The exposure head 167, which is the above-men 
tioned organic EL panel, is arranged such that a plurality of 
organic EL elements are aligned along the generatrix (main 
scanning direction) of the photoconductor drum 165. The 
writing of an electrostatic latent image is performed by radi 
ating the photoconductor drum with light emitted from the 
plurality of EL elements 14. 
0116. The developing unit 161 is a drum having four 
developing devices 163Y. 163C, 163M, and 163Karranged at 
angular intervals of 90°, and is rotatable around a shaft 161a 
in the counterclockwise direction. The developing devices 
163Y. 163C, 163M, and 163K respectively supply yellow, 
cyan, magenta, and black toners to the photoconductor drum 
165 to deposit the toners as developing agents on an electro 
static latent image, thereby forming a toner image, i.e., a 
visible image on the photosensitive drum 165. 
0117. The endless intermediate transfer belt 169 is wound 
around a driving roller 170a, a driven roller 170b, a primary 
transfer roller 166, and a tension roller, and rotates around 
these rollers in a direction as indicated by arrow. The primary 
transfer roller 166 electrostatically attracts the toner image 
from the photoconductor drum 165 and transfers the toner 
image to the intermediate transfer belt 169 passing between 
this photoconductor drum and the primary transferroller 166. 
0118 More specifically, during the first one turn of the 
photoconductor drum 165, an electrostatic latent image for a 
yellow (Y) image is written by the exposure head 167, a toner 
image with the same color is formed by the developing device 
163Y. and the toner image is then transferred onto the inter 
mediate transfer belt 169. During the next turn of the photo 
conductor drum, an electrostatic latent image for a cyan (C) 
image is written by the exposure head 167, a toner image with 
the same color is formed by the developing device 163C, and 
the toner image is then transferred onto the intermediate 
transfer belt 169 so as to be superposed on the yellow toner 
image. While the photoconductor drum 165 makes four turns 
in this way, yellow, cyan, magenta, and black toner images are 
sequentially superposed on the intermediate transfer belt 169. 
As a result, a full-color toner image is formed on the inter 
mediate transfer belt 169. When images are formed on both 
sides of a sheet on which the images are to be finally formed, 
a full-color toner image is formed on the intermediate transfer 
belt 169 in such a manner that toner images with the same 
color are transferred onto the front and rear surfaces of the 
intermediate transfer belt 169, and then toner images with the 
next same color are transferred onto the front and rear Sur 
faces of the intermediate transfer belt 169. 
0119) A sheet conveying path 174 is formed in the image 
printing apparatus to allow a sheet to pass therethrough. A 
sheet is picked up one by one by a pickup roller 179 from a 
sheet feed cassette 178, is conveyed by a conveying roller 
along the sheet conveying path 174, and passes through a nip 
between the intermediate transfer belt 169 abutting on the 
driving roller 170a and the secondary transfer roller 171. The 
secondary transfer roller 171 electrostatically attracts a full 
color toner image collectively from the intermediate transfer 
belt 169 to transfer the toner image onto one surface of the 
sheet. The secondary transfer roller 171 is adapted to 
approach and be separated from the intermediate transfer belt 
169 by a clutch (not shown). When a full-color toner image is 
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transferred onto a sheet, the secondary transfer roller 171 is 
brought into contact with the intermediate transfer belt 169. 
When a toner image is Superposed on the intermediate trans 
fer belt 169, the secondary transfer roller 171 is separated 
from the intermediate transfer belt 169. 
0.120. The sheet having the toner image transferred there 
onto in this manner is conveyed to the fixing unit 172, and 
then passes between a heating roller 172a and a pressure 
roller 172b of the fixing unit 172, so that the toner image is 
fixed to the sheet. The sheet after the fixing process passes 
through a pair of sheet discharge rollers 176 to advance in a 
direction indicated by an arrow F. In a case of double-sided 
printing, after most of the sheet has passed between the pair of 
sheet discharge rollers 176, the pair of sheet discharge rollers 
176 are rotated in a reverse direction so that the sheet is 
introduced into a conveying path 175 for double-sided print 
ing, as indicated by an arrow G. Then, the toner image is 
transferred onto the other surface of the sheet by the second 
ary transfer roller 171, and the fixing unit 172 performs the 
fixing process on the toner image again. Then, the sheet is 
discharged by the pair of sheet discharge rollers 176. 
0121 Since the above-mentioned image printing appara 
tus uses the above-mentioned organic EL panel as the expo 
sure head 167, it is possible to meet demands for a reduction 
in the size of the exposure head. In addition, since the quality 
of light emitted from the organic EL panel is hardly deterio 
rated, it is easy to keep display quality for a long time. 
0.122 Although the image printing apparatus has been 
described as an example of the electronic apparatus including 
the organic EL device according to the invention, the organic 
EL device according to the invention can also be applied to 
other electrophotographic image printing apparatuses, such 
as an image printing apparatus that directly transfers a toner 
image onto a sheet from a photoconductor drum without 
using an intermediate transfer belt, an image printing appa 
ratus that forms a monochromatic image, and an image print 
ing apparatus that uses a photoconductor as an image carrier. 

What is claimed is: 
1. A light-emitting device comprising: 
a Substrate; 
a plurality of light-emitting elements which is formed on 

the Substrate and each of which has an anode partitioned 
by an insulating pixel partition wall, a cathode, and an 
organic light-emitting layer interposed therebetween 
and emits light by an electric field generated by the 
anode and the cathode; 

a first organic buffer layer that is formed by applying an 
organic compound and hardening the organic compound 
and covers a region larger than the region in which the 
plurality of light-emitting elements are formed; 

a second organic buffer layer that is formed by applying an 
organic compound and hardening the organic compound 
and is arranged above the Substrate with the first organic 
buffer layer interposed therebetween so as to cover the 
plurality of light-emitting elements; and 

a gas barrier layer that is formed of an inorganic compound, 
covers a region larger than the region in which the first 
and second organic buffer layers are formed, and pro 
tects the plurality of light-emitting elements from air, 

wherein a region of the Substrate overlapping the first 
organic buffer layer is not completely matched with a 
region of the Substrate overlapping the second organic 
buffer layer. 
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2. The light-emitting device according to claim 1, further 
comprising: 

a cathode protecting layer that is formed of an inorganic 
compound and is provided between the cathode and the 
organic buffer layer. 

3. The light-emitting device according to claim 1, 
wherein the region in which the second organic buffer layer 

is formed is larger than the region in which the first 
organic buffer layer is formed. 

4. The light-emitting device according to claim 3, 
wherein the first organic buffer layer includes a first con 

stant portion that has a constant thickness and covers a 
region larger than the region in which the plurality of 
light-emitting elements are formed, and a first edge por 
tion that Surrounds the first constant portion and is 
tapered off toward the edge thereof, 

the second organic buffer layer includes: a second constant 
portion that has a constant thickness and covers a region 
larger than the region in which the plurality of light 
emitting elements are formed, and a second edgeportion 
that Surrounds the second constant portion and is tapered 
off toward the edge thereof, 

the second constant portion and the second edge portion 
overlap the first constant portion, and 

the thickness of the first constant portion is smaller than 
that of the second constant portion. 

5. The light-emitting device according to claim 3, 
wherein an angle formed between an upper Surface of the 

first organic buffer layer and an upper layer of the sub 
strate at the edge of the first organic buffer layer is equal 
to or smaller than 20°. 
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6. The light-emitting device according to claim 1, 
wherein the region in which the first organic buffer layer is 

formed is larger than the region in which the second 
organic buffer layer is formed. 

7. The light-emitting device according to claim 6. 
wherein the first organic buffer layer includes a first con 

stant portion that has a constant thickness and covers a 
region larger than the region in which the plurality of 
light-emitting elements are formed, and a first edge por 
tion that Surrounds the first constant portion and is 
tapered off toward the edge thereof, 

the second organic buffer layer includes a second constant 
portion that has a constant thickness and covers a region 
larger than the region in which the plurality of light 
emitting elements are formed, and a second edgeportion 
that Surrounds the second constant portion and is tapered 
off toward the edge thereof, 

the first constant portion and the first edge portion overlap 
the second constant portion, and 

the thickness of the second constant portion is Smaller than 
that of the first constant portion. 

8. The light-emitting device according to claim 6. 
wherein an angle formed between an upper Surface of the 

second organic buffer layer and an upper layer of the 
Substrate at the edge of the second organic buffer layer is 
equal to or smaller than 20°. 

9. An electronic apparatus comprising the light-emitting 
device according to claim 1. 
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