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LIGHT-EMITTING DEVICE AND
ELECTRONIC APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priornity to Japanese Application
No. 2005-336630, filed 1n Japan on Nov. 22, 2005, the entire
disclosure of which 1s hereby incorporated by reference 1n 1ts
entirety.

BACKGROUND

The present mvention relates to a techmque of sealing
light-emitting elements with a thin film.

As an example of known light-emitting elements, there 1s
an organic EL (electroluminescent) element that emits light
by using a light-emitting element having a thin organic light-
emitting film composed of a multi-layered organic compound
that 1s interposed between two electrodes and emits light by
excitation due to an electric field. In a process of manufactur-
ing a device having organic EL elements, 1n order 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 deteriorat-
ing due to the presence of or contact with air or moisture, a
sealing process 1s performed. As examples of known sealing
techniques, thin film sealing techniques of covering organic
EL elements with an extremely thin inorganic compound film

are known (see, for example, JP-A-9-185994, JP-A-2001-
284041, JP-A-2000-223264, and JP-A-2003-177244). In
these techniques, the imnorganic compound film serves as a gas
barrier layer that blocks arr.

In general, 1t 1s necessary to form a gas barrier layer with a
large thickness 1n order that the gas barrier layer provides a
suificient reliability (in particular, coating reliability with
respect to fine contamination that cannot be blocked even in a
clean room). On the other hand, 1n the thin film sealing tech-
niques, organic EL elements are formed on a substrate and a
thin gas barrier layer 1s formed on the substrate so as to cover
the organic EL elements by means of a vapor growth method,
for example. At this time, a step difference, such as uneven-
ness, may occur on a surface of the gas barrier layer, due to the
presence ol insulating pixel partition walls for separation
among a plurality of elements. When the gas barrier layer
having the step difference 1s formed to be uniformly thick, the
stress 1s noticeably concentrated 1n a portion having the step
difference, which causes the gas barrier layer to easily crack
or be peeled ofl. Further, in the case where a gas barrier layer
1s a transparent and high moisture-resistance 1norganic coms-
pound layer, which 1s formed of, for example, a silicon com-
pound, the inorganic compound layer has a density and elastic
modulus (Young’s modulus) higher than those of an organic
compound layer. Accordingly, a crack easily occurs due to the
stress concentration.

It the gas barrier layer cracks or 1s peeled off, moisture
contained 1n atmospheric air permeates into the organic EL
clements. Accordingly, a problem occurs 1n that the organic
EL elements are significantly deteriorated. Further, when the
gas barrier layer 1s formed of an organic compound material
having a low elastic modulus 1n order to prevent formation of
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2

cracks or 1s formed to be extremely thin, 1t 1s difficult to obtain
suificient sealing reliability even i1 the gas barrier layer does

not crack or 1s not peeled ofl, which also causes early dete-
rioration of the organic EL elements.

SUMMARY

An advantage ol some aspects of the invention 1s that 1t
provides a light-emitting device, 1n which light-emitting ele-
ments can be suiliciently sealed with a gas barrier layer that 1s
not easily cracked or peeled off, and an electronic apparatus.

According to an aspect of the mvention, a light-emitting
device includes: a plurality of light-emitting elements each of
which has an anode, a thin organic light-emitting layer, and a
cathode sequentially stacked on a substrate and emaits light by
excitation due to an electric field, the anode being separated
from another anode by an 1nsulating pixel partition wall; an
organic buifer layer that 1s formed of an organic compound,
covers an area larger than a region where the plurality of
light-emitting elements are formed, has a step difference
smaller than that of an upper surface of the cathode on the
substrate, and 1s approximately flat; and first and second gas
barrier layers that are formed of an inorganic compound, are
disposed on an outer surface of the organic butfer layer, and
protect the plurality of light-emitting elements against air.
Only one of the first and second gas barrier layers 1s adjacent
to an upper surface of an insulating layer formed of an 1nor-
ganic compound on the substrate so as to cover an area larger
than that of the organic butler layer. The organic compound 1s
a compound having a skeleton composed of carbon as a basic
structure.

In the light-emitting device, since the plurality of light-
emitting elements are disposed according to the msulating
pixel partition walls and the plurality of anodes 1nterposed
between the msulating pixel partition walls, large step ditier-
ence occurs on the surface of the cathode formed on the
organic light-emitting layer. However, since the organic
builer layer approximately planarizes the unevenness, such
that the step difference at the upper surface of the organic
butiler layer becomes smaller than that at the upper surface of
the cathode. Therelore, as compared with a case 1n which the
organic buifer layer is not provided, the gas barrier layer
becomes further planarized on the plurality of light-emitting
clements. As a result, the stress 1n the gas barrier layer
becomes low, which makes it difficult that the gas barrier
layer cracks easily.

Further, on the substrate, since the end portions of the
organic bufler layer that 1s approximately planarized are
angled much, the gas barrier layer located at the end portions
of the organic buller layer also cracks easily. For this reason,
since the light-emitting element region approximately pla-
narized by the organic buffer layer needs to be very reliably
sealed, the first gas barrier layer and the second gas barrier
layer are provided. Specifically, the light-emitting element
region 1s coated with two gas barrier layers, and only end
portions of the organic butiler layer to which stress 1s likely to
be easily applied 1s coated with only one gas barrier layer.
Thus, the stress 1s reduced, which can prevent the crack.

Furthermore, since the organic butifer layer 1s formed of an
organic compound that 1s flexible and has low elastic modulus
as compared with an 1norganic compound, the stress can be
casily dispersed.

As described above, according to the light-emitting device,
it 1s possible to reliably seal the light-emitting elements with
gas barrier layers that are not easily cracked or peeled off.

In the light-emitting device, preferably, the first gas barrier
layer covers an area larger than that of the organic buifer
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layer, and the second gas barrier layer covers an area that 1s
smaller than that of the organic buffer layer and larger than
that of the region where the plurality of light-emitting ele-
ments are formed.

According to the light-emitting device, as compared with
the case 1n which the organic buffer layer 1s not provided, the
gas barrier layer becomes further planarized on the plurality
of light-emitting elements. As a result, the gas barrier layer
does not crack easily. Further, since the region where the
plurality of light-emitting elements are formed 1s coated with
the first and second gas barrier layers, the gas barrier layers
are suiliciently thick, which makes it possible to reliably seal
the plurality of light-emitting elements. In addition, since the
second gas barrier layer 1s not provided around the end por-
tions of the organic buffer layer, the thickness of the gas
barrier layer around the end portions of the organic builer
layer 1s small. Therefore, even if the gas barrier layer around
the end portions of the organic butifer layer 1s not flat, the gas
barrier layer 1s not easily cracked or peeled off. In addition,
since the organic butler layer 1s formed of an organic com-
pound having low elastic modulus in which the stress can be
casily dispersed, the crack of the gas barrier layer becomes
turther difficult. As described above, according to the light-
emitting device, 1t 1s possible to reliably seal the light-emat-
ting elements with gas barrier layers that are not easily
cracked or peeled off

Further, 1n the I1 ght -emitting device, preferably, the second
gas barrier layer 1s thicker than the first gas barrier layer.

According to the light-emitting device, since the sealing
reliability with respect to the plurality of light-emitting ele-
ments 1s not largely affected, it 1s possible to make the first gas
barrier layer relatively thin. As a result, 1t 1s possible to make
it difficult that the gas barrier layers crack or are peeled off.

Furthermore, according to another aspect of the mvention,
a light-emitting device includes: a plurality of light-emitting
clements each of which has an anode, a thin organic light-
emitting layer, and a cathode sequentially stacked on a sub-
strate and emits light by excitation due to an electric field, the
anode being separated from another anode by an insulating
pixel partition wall; an organic buffer layer that 1s formed of
an organic compound, covers an area larger than that of a
region where the plurality of light-emitting elements are
formed, has a step difference smaller than a surface of the
cathode on the substrate, and 1s approximately tlat; and a gas
barrier layer that 1s formed of an 1organic compound and
covers the organic buffer layer 1n order to protect the plurality
of light-emitting elements against air. In the gas barrier layer,
a portion that covers the region where the plurality of light-
emitting elements are formed 1s thicker than a peripheral
portion that covers end portions of the organic butler layer.

In the light-emitting device, since the plurality of light-
emitting elements are disposed on the substrate with gaps
therebetween, the step difference occurs on a first surface of
the organic bufler layer that covers the plurality of light-
emitting elements. However, in the organic bufler layer, the
step difference on a second surface 1s smaller than that on the
first surtace. Accordingly, as compared with the case in which
the organic buffer layer 1s not provided, the gas barrier layer
becomes further planarized on the plurality of light-emitting
clements. As a result, the gas barrier layer 1s not easily
cracked or peeled off. Further, in the region where the plural-
ity of light-emitting elements are formed, thick portions of the
gas barrier layers overlap each other, the plurality of light-
emitting elements can be reliably sealed. In addition, even if
the gas barrier layers are not thin or flat, the gas barrier layers
are not easily cracked or peeled off. In addition, since the
organic builer layer i1s formed of an organic compound 1n

10

15

20

25

30

35

40

45

50

55

60

65

4

which the stress can be easily dispersed, the gas barrier layers
are not easily cracked or peeled off even 1f the gas barrier
layers are thick. As described above, according to the light-
emitting device, 1t 1s possible to reliably seal the light-emut-
ting elements Wlth gas barrier layers that are not easily
cracked or peeled off.

Further, 1n the light- emlttmg device, preferably, 1in the end
portions of the organic buffer layer, an angle between an
upper surface of the organic builer layer and the upper surface
of the substrate 1s 20° or less.

According to the light-emitting device, 1n a portion where
the total thickness of the gas barrier layers 1s small, 1t 1s
possible to make sufliciently small an angle by which the gas
barrier layers are bent. As a result, the stress concentration in
the gas barrier layers 1s suppressed which makes 1t ditficult
that the gas barrier layers crack or are peeled off.

Furthermore, according to still another aspect of the inven-
tion, an electronic apparatus includes the above-described
light-emitting device. In the light-emitting device, since it 1s
possible to reliably seal the light-emitting elements Wlth the
gas barrier layers that are not easily cracked or peeled off, 1t 1s
possible to suppress the light-emitting elements from dete-
riorating. Therefore, according to the electronic apparatus, 1t
1s easy to keep the display quality for a long time.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
clements.

FIG. 1 1s a cross-sectional view 1llustrating an organic EL
panel according to a first embodiment of the invention;

FIG. 2 1s an enlarged cross-sectional view illustrating a part
A shown 1n FIG. 1;

FIG. 3 1s a cross-sectional view 1llustrating an organic EL
panel according to a second embodiment of the invention;

FIG. 41s an enlarged cross-sectional view illustrating a part
B shown 1n FIG. 3;

FIG. 5 15 a view 1llustrating a personal computer using the
organic EL panel according to the embodiment of the inven-
tion;

FIG. 6 1s a view 1llustrating a mobile phone using the
organic EL panel according to the embodiment of the mven-
tion;

FIG. 7 1s a longitudinal sectional view illustrating an
example of an 1mage printing apparatus using the organic EL
panel according to the embodiment of the invention; and

FIG. 8 1s a longitudinal sectional view illustrating another
example of the image printing apparatus using the organic EL
panel according to the embodiment of the invention.

DETAILED DESCRIPTION OF

EMBODIMENTS

Hereinatter, preferred embodiments of the mvention will
be described with reference to the accompanying drawings.
Further, in order to make each layer and each member recog-
nizable 1n the drawings, each layer and each member have

been reduced using different scales. Furthermore, since
FIGS. 1 to 4 1llustrate cross-sectional views, hatching 1s omit-
ted except for some parts. That 1s, only some parts shown in
FIGS. 1 to 4 are hatched. In addition, in the following descrip-
tion, ‘on’ and ‘below’ are used with the plane of the drawings
as a reference, and a ‘thickness’ of a layer refers to the length
of the layer in the up/down direction of the plane of the
drawings.

A: First embodiment

An organic EL panel (light-emitting device) according to a
first embodiment of the mmvention 1s a full-color panel that
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uses a polymer-based organic ELL material to be described
later. In the organic EL panel, an organic EL element that
emits red-colored light, an organic EL. element that emaits
green-colored light, and an organic EL element that emuits
blue-colored light are disposed parallel to one another, such
that full-color display can be performed. In addition, the
organic EL panel 1s a top-emission-type panel 1n which light
from an organic EL element 1s emitted from a side opposite to
a main substrate.

Al: Configuration

FI1G. 1 15 a cross-sectional view illustrating the organic EL
panel, and FIG. 2 1s an enlarged cross-sectional view 1illus-
trating a part A of the organic EL panel. The organic EL panel
includes a plate-shaped main substrate 10. The main substrate
10 1s formed of glass or plastic, and a plurality of organic EL
clements P1 are formed on the main substrate 10. The organic
EL element P1 has an organic light-emitting layer 16 formed
of a polymer-based organic FLL material, which will be
described later, and 1s supplied with electrical energy so that
light can be emitted therefrom (specifically, a light-emitting
layer within the organic light-emitting layer 16). The organic
EL elements P1 are classified into three kinds of organic EL
clement on the basis of the color of emitted light. The three
kinds of organic EL element P1 are regularly arranged on the
main substrate 10.

Further, a plurality of TET's (thin film transistors) 11, which
correspond to the plurality of organic EL elements P1 1n
one-to-one manner, and various wiring lines (only a part 1s
shown) are formed on the main substrate 10. Each ofthe TFT's
11 1s supplied with electrical energy and a control signal and
drives the corresponding organic EL element P1. Specifically,
the TF'Ts 11 supply a current to the organic EL elements P1 at
timings at which the organic EL elements P1 sequentially
emit light. In addition, the morganic msulating layer 12 that
covers the plurality of TFTs 11 1s formed on the main sub-
strate 10. The 1norganic insulating layer 12 1s provided to
insulate the plurality of TFTs 11 and various wiring lines
from one another and 1s formed of, for example, silicon com-
pound.

On the morganic insulating layer 12, a lyophilic bank layer
(inorganic pixel partition wall insulation layer) 13 1s formed
of, for example, silicon dioxide 1n a layer thickness of 50 to
200 nm. On the lyophilic bank layer 13, a Iyvophobic bank
layer (organic pixel partition wall insulation layer) 14 1is
formed of, for example, polyimide or acrylic resin in a layer
thickness of 1 to 3 um. The mnorganic insulating layer 12, the
lyophilic bank layer 13, and the lyophobic bank layer 14
define recessed portions, and the organic EL. element P1
occupies a lower portion of each of the recessed portions. In
the case of a light-emitting device and an electronic apparatus
in which a single color i1s used, coating separation i1s not
required, and accordingly, the organic light-emitting layer 16
may be formed over anodes 15 and the lyophilic bank layer 13
by means of a spin coating method or a slit coating method, as
a structure in which the lyophobic bank layer 14 1s not
formed.

The organic EL element P1 has the anode 15 and a common
cathode layer 17 with the organic light-emitting layer 16
interposed therebetween. The anode 15 and the common
cathode layer 17 serve as electrodes through which holes and
clectrons are injected 1into the organic light-emitting layer 16,
and an electric field 1s generated between the anode 15 and the
common cathode layer 17 by means of electric energy sup-
plied. The anode 15 1s an electrode that has work function of
5 eV or more and 1s formed of, for example, ITO into which
holes can be easily injected, and the anode 135 1s connected to
the corresponding TFT 11 by the wiring lines. The common
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cathode layer 17 1s formed on the organic light-emitting layer
16 and the lyophobic bank layer 14 and serves as a common
clectrode with respect to the plurality of organic EL elements
P1. For example, the common cathode layer 17 has an elec-
tron 1njection butler layer, which 1s provided to make elec-
trons easy to inject ito the organic light-emitting layer 16,
and a low-resistance layer that 1s formed on the electron
injection butfer layer and 1s formed of a metal such as I'TO or
aluminum. The electron mjection butler layer 1s formed of,
for example, lithium fluoride, calcium metal, or magnesium-
silver alloy.

The organic light-emitting layer 16 includes a light-emit-
ting layer that emaits light by excitation due to recombination
of holes and electrons 1njected by the electric field. Further,
the organic light-emitting layer 16 may have a multi-layered
structure 1including layers other than the light-emitting laver,
and 1n this case, it 1s preferable that all layers be thin layers
having a thickness of 300 nm or less 1n order to reduce an
clectrical resistance. The layers other than the light-emitting
layer include a hole mjection layer that i1s provided for easy
injection of holes, a hole transport layer that 1s provided for
casy transport of the injected holes to the light-emitting layer,
an electron 1jection layer that 1s provided for easy 1njection
of electrons, and an electron transport layer that 1s provided
for easy transport of the mnjected electrons to the light-emat-
ting layer, which contribute to the recombination of holes and
clectrons.

The lhight-emitting layer 1s formed of a polymer-based
organic ELL material. The polymer-based organic EL. material
1s an organic compound having a relatively high molecular
welght, among organic compounds that emit light by excita-
tion due to recombination of holes and electrons. The poly-
mer-based organic ELL material forming the organic EL ele-
ment P1 1s formed of a material corresponding to the kind
(color of emitted light) of the organic EL element P1. A
material of a layer contributing to the recombination in the
light-emitting layer 1s chosen according to a matenal of a
layer adjacent to the layer contributing to the recombination
in the light-emitting layer. When these materials are diluted
with solvent and are then pattern-coated in an inkjet printing
method or other printing methods, a surface of the lyophobic
bank layer 14 repels a material of the organic light-emitting
layer 16, and thus separate coating of colors 1s performed for
cach pixel. In the case of a single color in which the separate
coating 1s not required, pixels can be separated from one
another by forming the organic light-emitting layer 16 over
the lyophilic bank layer 13 and the anodes 15 by means of a
spin coating method or a slit coating method, without forming
the lyophobic bank layer 14. The lyophilic bank layer 13 1s
formed up to ends of the anode 15, which 1s located at the
lower portion of the recessed portion, and serves to stabilize
the layer thickness of the organic light-emitting layer 16, and
the organic light-emitting layer 16 1s formed on the lyophilic
bank layer 13. The lyophilic bank layer 13 1s formed of, for
example, silicon dioxide 1n a layer thickness of 50 to 200 nm.

Furthermore, a cathode protection layer 18 that covers the
common cathode layer 17 1s formed on the inorganic insulat-
ing layer 12 and the common cathode layer 17. In addition, 1n
order to planarize unevenness due to pixels, an organic buifer
layer 19 1s formed on the cathode protection layer 18 so as to
completely cover the plurality of organic EL elements P1. In
addition, a first gas barrier layer 20, which completely covers
the organic buflfer layer 19 up to end portions of the organic
butler layer 19, 1s formed on the cathode protection layer 18
and the organic butler layer 19 over an area larger than that of
the organic butler layer 19. On the first gas barrier layer 20, a
second gas barrier layer 21 1s formed over an area that 1s larger
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than that of the plurality of organic ELL elements P1 and 1s
smaller than that of the organic buffer layer 19.

The first gas barrier layer 20 and the second gas barrier
layer 21 are formed of a material having excellent light trans-
mittance, gas barrier property, and water resistance. As an
example of such a material, a silicon compound containing
nitrogen, such as silicon oxynitride, silicon nitride, or SiNH,
may be preferably used. A high-density plasma film deposi-
tion method, such as sputtering, 1on plating, or CVD (chemi-
cal vapor deposition), using ICP or ECR (electron cyclotron
resonance) plasma or high-density plasma generated by a
plasma gin may be used as a method of forming the gas barrier
layer, and thus a high-density and high-quality thin film made
of an 1norganic compound can be formed at a low tempera-
ture. The first gas barrier layer 20 helps the organic builer
layer 19 and the plurality of organic EL elements P1 to be
reliably sealed. The thickness of the first gas barrier layer 20
1s within a range of 200 to 400 mm. The lower limit of the
range 1s determined such that side surfaces of the organic
butler layer 19 or the neighborhood thereof are not insudfi-
ciently sealed. The second gas barrier layer 21 helps the
plurality of organic EL elements P1 to be reliably sealed. The
thickness of the second gas barrier layer 21 1s within a range
of 200 to 800 nm. Further, in the present embodiment, the
thickness of the first gas barrier layer 20 and the thickness of
the second gas barrier layer 21 are limited such that the sum
ol the thickness of the first gas barrier layer 20 and the thick-
ness of the second gas barrier layer 21 1s less than 1000 nm.
The limitation 1s determined in consideration of the sealing
reliability with respect to the plurality of organic EL elements
P1, a possibility, that the gas barrier layer will crack or be
peeled off, and a manufacturing cost.

The organic builer layer 19 1s provided to improve pla-
narization and adhesion of the first gas barrier layer 20 and to
relieve stress occurring 1n the first gas barrier layer 20, and the
organic buffer layer 19 1s formed by curing a material for an
organic bufler layer (hereinafter, simply referred to as
‘organic buller layer material”) which has viscosity and com-
position to be described later, 1n a low-pressure atmosphere.
An upper surface of the organic butter layer 19 that covers the
plurality of organic EL elements P1 1s flat. In each of the end
portions of the organic butter layer 19, an angle 01 between
the upper surface of the organic butler layer 19 and an upper
surface of the main substrate 10 1s 20° or less. The thickness
of the organic bulifer layer 19, which covers the plurality of
organic ELL elements P1, excluding the vicinities of the end
portions 1s within a range of 3 to 10 um. The organic builer

layer 19 1s formed by using a screen printing method. In the
screen printing method, a mesh and a squeegee are used such
that unevenness due to pixel partition walls can be solved by
controlling the layer thickness. As a result, 1t 1s possible to
planarize the upper surface of the organic butfer layer 19. The
lower limit of the thickness of the organic buifer layer 19 i1s
determined 1n consideration of the height of the pixel partition
walls and the sealing reliability with respect to fine contami-
nation that has adhered onto the substrate 1n previous pro-
cesses. The upper limit of the thickness of the organic bulfer
layer 19 1s determined such that the angle at each of the end
portions of the organic buifer layer 19 1s 20° or less and an
amount of light, which leaks from a side surface of a surface
protection substrate 23 or a side surface of an adhesion layer
22, which will be described later, without reaching an upper
surface of the surface protection substrate 23, 1s not exces-
stvely high.

The cathode protection layer 18 1s provided to protect the
common cathode layer 17 and to improve the wettability and
adhesion of the organic buffer layer 19 before the organic
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butiler layer 19 1s cured, and the cathode protection layer 18 1s
formed of silicon compound, such as silicon oxynitride, hav-
ing excellent light transmittance, adhesion, and water resis-
tance. In particular, 1n the case where the common cathode
layer 17 has a top emission structure, the layer thickness of the
common cathode layer 17 1s made small 1n consideration of
transparency, which increases frequency of generation of pin
holes, for example. For this reason, since a small amount of
moisture, which 1s adhered while a material of the organic
buller layer 19 1s being deposited until the organic builer
layer 19 1s completely formed, and the material of the organic
buifer layer 19 permeated into the organic light-emitting

layer 16 causes the organic light-emitting layer 16 to be
damaged and the damaged portion of the organic light-emat-
ting layer 16 becomes a dark spot, the cathode protection
layer 18 serves to prevent the damage. In addition, on the
upper surface of the common cathode layer 17, unevenness
ex1sts due to the step diflerence between the lyophobic bank
layer 14 and the organic EL element P1, which causes stress
to be concentrated 1n the cathode protection layer 18. In order
to prevent damage due to the stress concentration, the thick-
ness of the cathode protection layer 18 1s set to 200 mm or
less.

Furthermore, on the main substrate 10, the adhesion layer
22 1s formed to cover the morganic msulating layer 12, the
cathode protection layer 18, the first gas barrier layer 20, and
the second gas barrier layer 21. The surface protection sub-
strate 23 1s provided on the adhesion layer 22 so as to com-
pletely cover the adhesion layer 22. The entire lower surface
of the surface protection substrate 23 1s adjacent to the adhe-
sion layer 22. The adhesion layer 22 1s provided for adhesion
between the surface protection substrate 23 and the main
substrate 10 and 1s formed of resin adhesive having excellent
light transmittance. Examples of the resin adhesive include
epoXy resin, acrylic resin, urethane resin, silicon resin, or the
like. The surface protection substrate 23 i1s provided to
improve optical characteristics and to protect the gas barrier
layer and 1s formed of glass or plastic having excellent light
transmittance. Examples of the plastic include polyethylene-
terephthalate, acrylic resin, polycarbonate, polyolefin, or the
like. In addition, the surface protection substrate 23 may have
a function of a color filter, a function of blocking/absorbing
ultravioletrays, a function of preventing reflection of external
light, or a function of heat dissipation using a fin.

A2: Manufacturing Process

In order to manufacture an 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 1s formed of, for example, an alumi-
num-copper alloy material, and transparent ITO are deposited
on or below the iorganic insulating layer 12 by using a
sputtering method, thereby forming the anodes 15 serving as
a plurality of pixels. An upper surface of the anode 15 adja-
cent to the organic light-emitting layer 16 1s preferably
formed of I'TO having a high work function 1n consideration
of injection of holes. Accordingly, the TF'T's 11 and the anodes
15 are connected to each other 1n one-to-one manner. Then,
the lyophilic bank layer 13 1s formed on the mnorganic 1nsu-
lating layer 12 so as to surround the anodes 15. Then, the
lyophobic bank layer 14, which 1s formed of an organic com-
pound, such as polyimide or acrylic resin, 1s formed on the
lyophilic bank layer 13. Then, a washing process, such as
plasma washing, 1s performed to remove organic contamina-
tion from the main substrate and to improve the wettability of

the I'TO surtface.
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Thereafter, the organic light-emitting layer 16 1s formed on
the anodes 15. In this process, when a material of the organic
light-emitting layer 16 1s coated, the material spreads out to
be flat adjacent to the lyophilic bank layer 13. Thus, the
organic light-emitting layer 16 that 1s flat and has a uniform
thickness 1s formed. In a process of forming the light-emitting
layer included 1n the organic light-emitting layer 16, a poly-
mer-based organic EL material used to form the organic light-
emitting layer 16 that generates red-colored light 1s coated on
the anode 15 which 1s to form the organic EL element P1 that
generates the red-colored light. The same process as above 1s
performed for the orgamic ELL element P1 that generates
green-colored light and the organic EL element P1 that gen-
erates blue-colored light. Furthermore, 1n the case of a single
color, 1t takes a short time to perform a coating process 1f a
spin coating method or a slit coating method 1s used. On the
other hand, in the case of coating and separating three kinds of
colored materials, 1t 1s preferable to perform pattern coating
for each pixel by using an 1nkjet printing method or a screen
printing method 1n terms of efficiency of use of matenals.
When the organic light-emitting layer 16 has a plurality of
layers, the plurality of layers are sequentially formed.

Then, an electrode common to the plurality of organic EL
clements P1, that 1s, the common cathode layer 17 1s formed.
For example, a metal or alloy into which electrons can be
casily 1njected, such as lithium fluoride, calcium, or magne-
s1um, 1s deposited by means of a vacuum deposition method
using a heating boat (crucible). Then, 1n order to reduce the
resistance of the common electrode, aluminum 1s deposited
so as to avoid pixel units by means of the vacuum deposition
method or transparent I'TO 1s deposited at low-pressure atmo-
sphere by means of a high-density plasma deposition method,
such as an ECR plasma sputtering method, an ion plating
method, or an opposite target sputtering method. Then, an
oxygen plasma process 1s performed, and then the cathode
protection layer 18, which 1s formed of silicon oxynitride, 1s
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 1on plating method, 1n
the same manner as for the ITO. Here, the oxygen plasma
process 1s performed to improve the adhesion between the
common cathode layer 17 and the cathode protection layer
18.

Subsequently, an organic buffer layer material having lig-
uid form, which has viscosity o1 2000 to 10000 mPa-s at room
temperature (25° C.), 1s printed on the cathode protection
layer 18 by using a screen printing method 1n a low-pressure
atmosphere, nitrogen gas 1s introduced for the change to
atmospheric pressure, and then the organic buifer layer mate-
rial 1s carried to a curing chamber 1n which the organic buiier
layer material corresponding to each substrate 1s heated at the
temperature of 60 to 100° C. such that the organic butler layer
material 1s completely cured, thereby forming the organic
butffer layer 19. The reason why the process of forming the
organic buffer layer 19 i1s performed in the low-pressure
atmosphere 1s to remove moisture and bubbles generated at
the time of a coating process. That 1s, unlike 1n the process of
forming the common cathode layer 17 or the cathode protec-
tion layer 18, while the organic buller layer material 1s coated
in a relatively low vacuum condition of 100 to 5000 Pa, the
moisture 1s 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 room temperature 1s used 1s to avoid permeation of
organic buffer layer material into the common cathode layer
17 or the organic light-emitting layer 16 through the cathode
protection layer 18.
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As a main component (for example, 70% or more by
weight) of the organic butiler layer material, it 1s possible to
use an organic compound which has good flmdity before
being cured and does not have a volatile component such as
solvent. In the present embodiment, an epoxy monomer (mo-
lecular weight of 3000 or less) that contains an epoxy group
and has a molecular weight o1 3000 or less/oligomer (molecu-
lar weight of 1000 to 3000) are used as the main component
of the organic butfer layer material. Specifically, bisphenol A
type epoxy oligomer or bisphenol F type epoxy oligomer,
phenol novolac type epoxy oligomer, 3,4-epoxycyclohex-
enylmethyl-3',4'-epoxycyclohexenecarboxylate, caprolac-
tone-modified 3.4-epoxycyclohexenylmethyl-3',4'-epoxycy-
clohexenecarboxylate or the like can be used alone or 1n
combination.

As a sub-component of the organic buifer layer material, a
curing agent that reacts with the epoxy monomer/oligomer
may be used. In this case, 1t 1s preferable to use a curing agent
capable of forming a cured layer that has a good insulation
property, high heat resistance, and high strength. In addition,
it 1s preferable to use an additive-polymerization-type curing
agent having good light transmittance and small deviation 1n
the cured state. Specifically, 1t 1s preferable to use an acid
anhydride based curing agent formed of, for example, 3-me-
thyl-1,2,3,6-tetrahydrophthalic anhydride, methyl-3,6-en-
domethylene-1,2,3,6-tetrahydrophthalic anhydride, 1,2.4,5-
benzenetetracarboxylic dianhydride, 3,3'.4,4'-
benzophenonetetracarboxylic dianhydride, or a polymerized
maternal thereof. The first reason why the acid anhydride
based curing agent 1s preferably used is that the acid anhy-
dride based curing agent 1s cured by heat treatment within the
temperature range of 60 to 100 C and the cured layer becomes
a polymer that has good adhesion with respect to silicon
oxynitride and has an ester bond. The second reason 1s that the
acid anhydrnide based curing agent can be cured at low tem-
perature within a short period of time by adding a curing
accelerator for accelerating the ring-opeming of acid anhy-
dride, such as aromatic amines, alcohols, and aminophenol,
which have a relatively high molecular weight. The third
reason 1s that 1t 1s difficult to cause the acid anhydride based
curing agent to be easily damaged due to contraction when
performing a rapid curing process, as compared with cation-
emission-type photopolymerization initiator.

As other sub-components of the organic butter layer mate-
rial, additives, such as a silane coupling agent for improving
the adhesion between the organic bufler layer 19 and the
common cathode layer 17 or the first gas barrier layer 20, a
water supplementing agent such as an 1socyanate compound,
and particles for preventing contraction when curing the
organic buller layer 19, are mixed in the organic butler layer
material.

The viscosity of each of the main component materials and
the sub-component materials used 1n the present embodi-
ment, before being cured, 1s preferably 1000 mPa-s or more at
room temperature. This 1s to reduce a possibility that the
maternials will permeate 1nto the organic light-emitting layer
16 belore being cured. The viscosity of these materials should
be determined in consideration of the reduction of the above
possibility, whether the organic butfer layer 19 can be formed
at the required pattern precision, whether the organic buifer
layer 19 can be formed with a desired thickness, whether
bubbles are not generated in the formed organic butler layer
19, or the like.

Then, an oxygen plasma process 1s performed in the low-
pressure atmosphere and a high-density plasma deposition
method, such as the ECR sputtering method or the 1on plating
method, 1s performed such that the organic butifer layer 19 1s
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completely covered up to end portions of the organic bulfer
layer 19 over an area larger than that of the organic buffer
layer 19, thereby forming the first gas barrier layer 20. The
reason why the oxygen plasma process 1s performed 1s to
improve the adhesion between the organic buifer layer 19 and
the first gas barrier layer 20. Then, by using a high-density
plasma deposition method, such as the ECR sputtering
method or the 10n plating method, the second gas barrier layer
21 1s formed on the first gas barrier layer 20 such that the
plurality of organic EL elements P1 are covered and the end
portions of the organic buifer layer 19 are not covered.

Thereafter, under atmospheric pressure, a resin adhesive
having excellent light transmittance 1s coated to cover the
inorganic insulating layer 12, the cathode protection layer 18,
the first gas barrer layer 20, and the second gas barrier layer
21, the entire lower surface of the surface protection substrate
23 comes 1n contact with the resin adhesive, and the resin
adhesive 1s cured, thereby forming the adhesion layer 22.
Alternatively, an adhesive having liquid form may be used
instead of the resin adhesive or a sheet-shaped adhesive may
be interposed between the second gas barrier layer 21 and the
surface protection substrate 23 and be then pressed therebe-
tween.

A3: Effects

In the organic EL panel according to the present embodi-
ment, on the plurality of organic EL elements P1, the uneven
level of the upper surface of the organic buffer layer 19 1s
smaller than that of the upper surface of the cathode, that 1s,
the upper surface of the organic buffer layer 19 1s approxi-
mately flat. Therefore, as compared with a structure in which
the organic butler layer 19 1s not provided, on the plurality of
organic EL elements P1, the first gas barrier layer 1s further
planarized and the stress concentration 1s suppressed, and
accordingly, the gas barrier layer 1s not easily cracked or
peeled off. Further, over the entire plurality of organic EL
clements P1, since the first gas barrier layer 20 and the second
gas barrier layer 21 overlap each other, the total thickness of
the gas barrier layers 1s sufliciently large. As a result, the
plurality of organic EL elements P1 can be reliably sealed. On
the other hand, 1n portions of the first gas barrier layer 20 not
overlapping the second gas barrier layer 21, the thickness of
the gas barrier layer 1s small. However, since the end portions
ol the organic buflfer layer 19 exist in the portions of the first
gas barrier layer 90 not overlapping the second gas barrier
layer 21, the gas barrier layer 20 1s not easily cracked or
peeled off even 11 unevenness 1s generated on a surface of the
gas barrier layer. In addition, since the main component of the
material for the organic bufler layer 19 1s an organic com-
pound, the stress can be easily buflered. Accordingly, it
becomes more difficult for the gas barrier layer 20 to be easily
cracked or peeled off. As such, according to the organic EL
panel, the plurality of organic EL elements P1 can be sudifi-
ciently sealed by means of the gas barrier layers that are not
casily cracked or peeled off. The stress that 1s buffered by the
organic buifer layer 19 includes stress due to a force applied
from the outside of the organic EL panel, stress due to expan-
s1on and contraction, which occur due to temperature varia-
tion, of the lyophobic bank layer 14 formed of an organic
compound, or the like.

In the organic EL panel, the plurality of organic EL e¢le-
ments are required to be reliably sealed. For example, 1n the
case when an organic light-emitting layer includes an electron
injection layer, 1 moisture permeates 1nto the electron injec-
tion layer of one of the organic EL elements, the moisture
prohibits the organic EL element from emitting light, which
may cause a so-called dark spot. Accordingly, 1n the organic
EL panel according to the present embodiment, the total
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thickness of the gas barrier layers on the plurality of organic
EL elements P1 1s set to be large. Here, both the first gas
barrier layer 20 and the second gas barrier layer 21 are not
made thick, but only the second gas barrier layer 21 1s made
thick. As a result, according to the organic EL panel, it 1s
possible to make the first gas barrier layer 20 so as to be not
casily cracked or peeled off and to make the plurality of
organic EL elements P1 reliably sealed, without making the
first gas barrier layer 20 thick.

I1 the portions of the first gas barrier layer 20 not overlap-
ping the second gas barrier layer 21 crack or are peeled off,
the sealing reliability with respect to the plurality of organic
EL elements P1 1s noticeably reduced. Among the portions of
the first gas barrier layer 20 not overlapping the second gas
barrier layer 21, a portion, in which the first gas barrier layer
20 extends with the cathode protection layer 18 while being
separated from the cathode protection layer 18, that 1s, the
neighborhood of the end portions of the organic butler layer
19 has a large bent angle. In the organic EL panel according
to the present embodiment, the angle 01 between the lower
surface of the first gas barrier layer 20 and the upper surface
of the main substrate 10 1s 20° or less in the end portions of the
organic buffer layer 19. Accordingly, it 1s possible to suppress
the stress concentration 1n the gas barrier layer and to make
the gas barrier layer so that it 1s not easily cracked or peeled
off.

As described above, the gas barrier layer 1n the organic EL
panel according to the present embodiment 1s not easily
cracked or peeled off. As a result, since the sealing reliability
with respect to the plurality of organic EL elements P1 can be
kept high, the period of time for which the organic EL panel
can reliably emit light becomes long. In order to support this,
an experiment was performed 1n which various organic EL
panels according to the present embodiment and other
organic EL panels were exposed for 600 consecutive hours at
the temperature of 60° C. and 1n an atmosphere with RH
(relative humadity) of 90% and then the emission states of
those organic EL panels were examined. Fach of the organic
EL panels used 1n this experiment has an organic buifer layer,
which 1s formed of epoxy resin and has a thickness of 5 um,
and a gas barrier layer that 1s formed of silicon oxynitride and
1s formed over a large region so that end portions of the
organic buifer layer are completely covered.

The result of the experiment 1s as follows. In the case of an
organic EL panel having only one gas barrier layer having a
thickness of 800 m, some of the plurality of organic EL
clements close to a peripheral portion (end portions of the
organic buifer layer) showed emission failure. Furthermore,
in the case of an organic EL panel which has two gas barrier
layers each having a thickness of 400 nm and in which a
region on the main substrate overlapping a lower one of the
gas barrier layers 1s the same as a region on the main substrate
overlapping an upper one of the gas barrier layers, some of the
plurality of organic EL elements located i the peripheral
portion showed emission failure. In both the organic EL pan-
¢ls, the reason why the organic EL elements located in the
peripheral portion showed the emission failure 1s that a gas
barrier layer near a tapered portion of the organic butfer layer
cracked or was peeled off so that moisture permeated nto the
organic EL elements.

On the other hand, like the organic EL panel according to
the present embodiment, 1n the case of an organic EL, panel
which has two gas barrier layers each having a thickness of
400 nm and in which a lower one of the gas barrier layers
having the thickness o1 400 nm 1s formed to completely cover
the organic builer layer up to end portions of the organic
butiler layer and an upper one of the gas barrier layers having
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the thickness of 400 nm 1s formed over an area smaller than
that of the organic builer layer so that the end portions of the
organic bulfer layer can be exposed, all of the plurality of
organic EL elements showed good emission states. Further,
like the organic EL panel according to the present embodi-
ment, i the case of an organic EL panel which has a gas
barrier layer having a thickness of 200 nm and another gas
barrier layer formed on the gas barrier layer with a thickness
of 700 nm and 1n which a lower one of the gas barrier layers
1s formed to completely cover the organic butlfer layer up to
end portions of the organic buffer layer and an upper one of
the gas barrier layers 1s formed over an area smaller than that
of the organic builer layer so that the end portions of the
organic bulfer layer can be exposed, all of the plurality of
organic EL elements showed good emission states.

As a method of sealing the organic EL elements, a method
of using a cap-shaped sealing substrate 1s known. On the other
hand, the organic EL panel 1s demanded to be large, thin, and
light. In order to meet these demands, 1t 1s difficult to realize
an organic EL panel having sullicient strength against exter-
nal stress because the peripheral portion and the main sub-
strate are held by adhesive in the method of using the cap-
shaped sealing substrate. In contrast, in the organic EL panel
according to the present embodiment, the plurality of organic
EL elements P1 are sealed over a large area by means of the
so-called thin film sealing method. Accordingly, the strength
of the panel 1s very high, 1t 1s difficult for the gas barrier layer
to crack or be peeled off; and the sealing reliability with
respect to the plurality of organic EL elements P1 1s sudfi-
ciently high. As a result, according to the organic EL panel, 1t
1s possible to meet the above demands for the large, thin, and
light organic EL panel. Further, as the organic EL panel
becomes large, numbers oI TFT's and wiring lines between the
organic ELL elements and the main substrate increase. As a
result, in the case ol a bottom-emission-type organic EL panel
in which light from an organic light-emitting layer 1s emitted
from the main substrate side, the aperture ratio of a pixel 1s
reduced, which may cause the emission efliciency to be low-
ered. However, since the organic EL panel according to the
present embodiment 1s of a top emission type, there 1s no
possibility that the emission efficiency will be lowered.

When manufacturing the organic EL panel, 1t 1s preferable
to perform a process under a high vacuum condition of 1 Paor
less 1n order to prevent adhesion of contamination, such as
dust, or moisture. However, since the organic bufler layer
maternial 1s of a liquid type, 1t 1s difficult to form the organic
butiler layer 19 under the high vacuum condition. Therelore,
in the present embodiment, the organic bufier layer 19 is
formed using a screen printing method 1 a low-pressure
atmosphere of 100 to 5000 Pa. This removes contamination
and bubbles generated at the time of a coating process, con-
tributing to removing pin holes in the gas barrier layer. In
addition, the gas barrier layer 1s formed under a high vacuum
condition of 0.1 to 10 Pa and at low temperature by means of
a high-density plasma deposition method. Accordingly, the
formation of the gas barrier layer 1s completed without dam-
aging the plurality of organic EL elements P1. In addition, as
1s apparent from the above-described manufacturing process,
the sealing process of the organic EL panel 1s not affected by
the contamination that cannot be blocked even 1n a clean
room. This 1s a ver, advantageous feature of the invention, as
compared with actual circumstances 1n which 1t 1s difficult to
perform a washing process until the sealing process 1s com-
pleted once a process of forming the organic buflfer layer

starts.

B: Second Embodiment

An organic EL panel according to a second embodiment of
the ivention 1s a full-color panel that uses a low-molecular-
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weight-based organic EL material to be described later. In the
organic EL panel, full-color display 1s performed by using a
color filter and an organic EL element that emits white light.
In addition, the organic EL panel 1s a top-emission-type panel
in which light from an organic EL element 1s emitted from a
side opposite to a main substrate.

B1: Configuration

FIG. 3 1s a cross-sectional view 1llustrating the organic EL
panel, and FIG. 4 1s an enlarged cross-sectional view 1illus-
trating a part B of the organic EL panel. A main substrate 30
1s Tormed of glass or plastic, and a plurality of organic EL
clements P2 are formed on the main substrate 30. The organic
EL element P2 1s 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 1s supplied with electrical energy so that light can be
emitted from the organic light-emitting layer 37 (specifically,
a light-emitting layer within the organic light-emitting layer
37).

Further, a plurality of TFTs 31, which correspond to the
plurality of organic EL elements P2 in one-to-one manner,
and various wiring lines (not shown) are formed on the main
substrate 30. In the same manner as the TFTs 11 1n the first
embodiment, the TFTs 31 drive the corresponding organic EL
clements P2. In addition, the inorganic insulating layer 32 that
covers the plurality of TFTs 31 1s formed on the main sub-
strate 30. The organic nsulating layer 32 1s provided to
insulate the plurality of TFTs 31 and various wiring lines
from one another and 1s formed of, for example, silicon
nitride.

Furthermore, a planarizing layer 33 1s formed on the inor-
ganic insulating layer 32. The plananzing layer 33 1s provided
to make optical paths from light-emitting layers equal to one
another by removing the step difference due to wiring lines or
TFTs and 1s formed of an organic compound, such as poly-
imide or acrylic resin. An upper surface of the planarizing
layer 33 has unevenness. Protruding portions have flat upper
surfaces and overlap the plurality of organic EL elements P2.
Recessed portions overlap the plurality of TFTs 31. Within
the plananizing layer 33, a metal reflection layer 34 that
reflects light incident from the organic EL elements P2
through anodes 35 1s formed of a light-retlective metal.

On the planarizing layer 33, a pixel partition wall 1nsula-
tion layer 36 that goes up from the recessed portions of the
planarizing layer 33 1s formed of an organic compound, such
as polyimide or acryl. An upper end of the pixel partition wall
insulation layer 36 1s positioned to be higher than the protrud-
ing portions of the planarizing layer 33, and the planarizing
layer 33 and the pixel partition wall insulation layer 36 define
the recessed portions. Portions, in which the pixel partition
wall 1insulation layer 36 does not exist and the anodes 33 are
in contact with the organic light-emitting layer 37, become
the organic EL elements P2.

The organic EL elements P2 have the plurality of anodes 35
and a common cathode layer 38 with the organic light-emiat-
ting layer 37 interposed therebetween. The anodes 35 and the
common cathode layer 38 serve as electrodes through which
holes and electrons are injected 1nto the organic light-emitting
layer 37. The anode 35 1s a transparent electrode that 1s
formed on the planarizing layer 33 and 1s formed of, for
example, ITO which has high work function and into which
holes can be easily injected, and the anode 335 1s connected to
the corresponding TFT 31 through a gap between the pla-
narizing layer 33 and the pixel partition wall insulation layer
36. The common cathode layer 38 i1s 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
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plurality of organic EL elements P2. For example, the com-
mon cathode layer 38 has an electron 1njection butier layer,
which 1s provided to make electrons easily injected nto the
organic light-emitting layer 37, and a low-resistance layer,
such as a transparent ITO layer formed on the electron 1njec-
tion layer or an aluminum layer that 1s formed on a non-pixel
region. The electron injection buifer layer 1s formed of, for
example, lithium fluoride or magnesium-silver alloy.

The organic light-emitting layer 37 corresponds to the
organic light-emitting layer 16 1n the first embodiment. The
difference between the organic light-emitting layer 37 and the
organic light-emitting layer 16 is that the organic light-emiut-
ting layer 37 1s common to the plurality of organic light-
emitting layers 37 and 1s formed of a low-molecular-weight-
based organic EL matenal. The low-molecular-weight-based
organic ELL material 1s an organic compound having a rela-
tively low molecular weight, among organic compounds that
emit light by excitation due to recombination of holes and
clectrons. For example, the low-molecular-weight-based
organic EL. material includes a material obtained by doping
anthracene-based impurities mto styrylamine-base host or a
material obtained by doping rubrene-based impurities 1nto
styrylamine-base host. When the organic light-emitting layer
3’7 includes an additional layer contributing to the recombi-
nation in the light-emitting layer, a material of the additional
layer 1s determined according to a material of a layer adjacent
to the additional layer. For example, a material of the hole
injection layer includes triallylamine (ATP) polymer, a mate-
rial of the hole transport layer includes triphenyl diamine
(TPD) based compound, and a material of the electron 1njec-
tion layer includes aluminum quinolinol complex.

Furthermore, a cathode protection layer 39 that covers the
common cathode layer 38 and the planarizing layer 33 is
formed on the morganic msulating layer 32 and the common
cathode layer 38. In addition, an organic buifer layer 40 is
tormed on the cathode protection layer 39 so as to completely
cover the plurality of organic EL elements P2, the pixel par-
tition wall insulation layer 36, the plananizing layer 33. In
addition, a first gas barrier layer 41, which completely covers
the organic buifer layer 40 up to end portions of the organic
butfer layer 40, 1s formed on the cathode protection layer 39
and the organic butler layer 40. On the first gas barrier layer
41, a second gas barrier layer 42 1s formed so as to cover the
entire plurality of organic EL elements P2 and to cover a
region smaller than the organic butier layer 40 so that the end
portions of the organic buifer layer 40 can be exposed.

The cathode protection layer 39, the organic buflfer layer
40, the first gas barrier layer 41, and the second gas barrier
layer 42 correspond to the cathode protection layer 18, the
organic buffer layer 19, the first gas barrier layer 20, and the
second gas barrier layer 21, respectively. Even though parts of
the organic butler layer 40, the first gas barrier layer 41, and
the second gas barrier layer 42 overlapping the entire plurality
of organic EL elements P2 are flat, the flatness 1s lower than
that 1n the first embodiment. This 1s because the thickness of
the organic buffer layer 40 1s 3 to 5 um, the thickness 1s not
suificient to realize the same flatness as 1n the first embodi-
ment. However, unevenness of the upper surface of the
organic bufler layer 40 1s 0.5 um or less, and an uneven level
of upper surface of the organic bulfer layer 40 1s extremely
smaller than that of the upper surface of the common cathode
layer 38. Further, when a screen printing method used to form
the organic builer layer 40 1s used, 1t 1s possible to make the
uneven level of the upper surface of the organic butler layer
40 smaller by making planarization control using a screen
mesh and a squeegee.
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Furthermore, on the main substrate 30, an adhesion layer
43 1s formed to cover the morganic insulating layer 32, the
cathode protection layer 39, the first gas barrier layer 41, and
the second gas barrier layer 42. In addition, a color filter
substrate 44 1s provided on the adhesion layer 43 so as to
completely cover the adhesion layer 43. The entire lower
surface of the color filter substrate 44 1s adjacent to the adhe-
sion layer 43. The adhesion layer 43 1s provided for adhesion
between the color filter substrate 44 and the main substrate 30
and 1s formed of resin adhesive having excellent light trans-
mittance. The resin adhesive includes epoxy resin, acrylic
resin, urethane resin, silicon resin, or the like. The adhesion
layer 43 may be composed of two kinds of different adhe-
stves. In this case, preferably, an ultraviolet-setting adhesive
1s used 1n a peripheral region, and a thermosetting adhesive 1s
used 1n an emission surface located at a central portion. Fur-
ther, 1t 1s essential to precisely control the position of the color
filter substrate and the thickness of the adhesive. Since the
ultraviolet-setting adhesive can be cured for only a few sec-
onds without position deviation, the position control or the
thickness control can be easily made.

The color filter substrate 44 1s provided to extract red-
colored, green-colored, and blue-colored light components
from light emitted from the organic ELL elements P2 and
includes a black matrix layer 45 having low light transmut-
tance and {ilter layers 46 that cover opemings formed in the
black matrix layer 45. The black matrix layer 45 has a plural-
ity of openings. In addition, three kinds of filter layers 46,
which include a filter layer through which only red-colored
light 1s transmitted, a filter layer through which only green-
colored light 1s transmitted, and a filter layer through which
only blue-colored light 1s transmaitted. Each of the filter layers
46 overlaps the organic EL elements P2. The red-colored,
green-colored, and blue-colored light components of the light
emitted from the organic EL elements P2 overlapping the
filter layers 46 are transmitted through the corresponding
filter layers 46, respectively. Furthermore, since the color
filter substrate 44 serves to protect a gas barrier layer, a
portion other than the black matrix layer 45 and the filter
layers 46 1s formed of glass or plastic having excellent light
transmittance. The plastic includes polyethyleneterephtha-
late, acrylic resin, polycarbonate, polyolefin, or the like. In
addition, the color filter substrate 44 may have a function of
blocking/absorbing ultraviolet rays, a function of preventing
reflection of external light, or a function of heat dissipation.
B2: Manufacturing Process

In order to manufacture the organic EL panel according to
the present embodiment, first, the TFTs 31, various wiring
lines, and the inorganic isulating layer 32 are firmed on the
main substrate 30. Then, the planarizing layer 33 and the
metal retlection layer 34 are formed on the 1norganic msulat-
ing layer 32. Then, in order to prevent electrical corrosion of
the metal reflection layer 34, a surface and a peripheral por-
tion of the metal reflection layer 34 are coated with an 1nor-
ganic msulating layer, and then the plurality of anodes 35 are
formed. Thus, the TFTs 31 and the anodes 35 are connected to
cach other 1n one-to-one manner. As a method of forming the
anodes, 1t 1s possible to use one o the known methods suitable
for a material of the anodes 35. Then, the pixel partition wall
insulation layer 36 1s formed on parts of the anodes 35 and the
planarizing layer 33 by means of pattern formation of poly-
imide, for example. Then, a washing process, such as a
plasma washing, 1s performed to remove organic contamina-
tion from the main substrate 30 or to increase the work func-
tion.
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Thereafter, on the anodes 35 that are exposed, the organic
light-emitting layer 37 common to the plurality of organic EL

clements P2 1s formed. In this process, a light-emitting layer
1s formed with a low-molecular-weight-based organic EL
material. The process of forming the organic light-emitting,
layer 37 1s performed using a vacuum deposition method
using a heating boat. The vacuum deposition method can also
be applied to a case 1n which the organic light-emitting layer
37 includes only a light-emitting layer or a case 1n which the
organic light-emitting layer 37 includes a plurality of layers.
In the case when the organic light-emitting layer 37 includes
the plurality of layers, the plurality of layers are sequentially
formed.

Then, an electrode common to the plurality of organic EL
clements P2, that 1s, the common cathode layer 38 1s formed.
Then, an oxygen plasma process 1s performed, and then the
cathode protection layer 39 1s formed to cover the common
cathode layer 38. Then, the organic butler layer 40 1s formed
on the cathode protection layer 39 by using a screen printing
method 1 a low-pressure atmosphere. Then, an oxygen
plasma process 1s performed and then the first gas barrier
layer 41 1s formed over an area larger than that of the organic
butifer layer 40 so as to cover the entire organic buffer layer
40. Then, on the first gas barrier layer 41, a second gas barrier
layer 42 1s formed so as to overlap the entire plurality of
organic EL elements P2 and to cover a region smaller than the
organic builer layer 40 so that the end portions of the organic
buffer layer 40 can be exposed. Materials or methods of
forming the organic butler layer 40, the first gas barrier layer
41, and the second gas barrier layer 42 are the same as
described in the first embodiment.

Subsequently, a resin adhesive having excellent light trans-
mittance 1s coated to cover the morganic insulating layer 32,
the cathode protection layer 39, the first gas barrier layer 41,
and the second gas barrier layer 42, the entire lower surface of
the color filter substrate 44 comes 1n contact with the resin
adhesive, and the resin adhesive 1s cured, thereby forming the
adhesion layer 43. This curing 1s performed at the locations at
which the plurality of filters 46 of the color filter substrate 44
overlap the plurality of organic EL elements P2 1n one-to-one
manner. In addition, the alternative of adhesion of the surface
protection substrate 23 1n the first embodiment can also be
applied as alternative of adhesion of the color filter substrate
44.

B3: Effects

In the organic EL panel according to the present embodi-
ment, 1t 1s possible to obtain the same efiects as obtained in
the organic EL panel according to the first embodiment.

C: Modifications

In a modification of the above-described embodiment, 1t 1s
possible to use a panel that emits single colored light or a
tull-color panel having a color conversion layer. Alterna-
tively, a bottom-emission-type panel may be used. In this
case, the requirement of high light transmittance 1s limited to
layers located below the light-emitting layer. Accordingly,
when the common cathode layer 1s located above the light-
emitting layer, the common cathode layer may be formed
thick over the entire surface of a substrate by using a metal
material, such as low-resistance aluminum.

In another modification of the above-described embodi-
ment, the second gas barrier layer may be located below the
first gas barrier layer, or the second gas barrier layer may be
located within the organic butler layer. Further, the number of
gas barrier layers may be 3 or more. At this time, these gas
barrier layers should include at least one gas barrier layer that
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1s formed over an area smaller than that of the organic buffer
layer so that end portions of the organic builer layer can be
exposed.

In still another modification of the above-described
embodiment, only one gas barrier layer may be provided. At
this time, the gas barrier layer should be formed such that the
organic buffer layer 1s covered and a portion completely over-
lapping the plurality of organic EL elements 1s thicker than
other portions that cover the end portions of the organic butfer
layer. A method of forming the gas barrier layer can be arbi-
trarily selected. For example, the gas barrier layer may be
formed by using a deposition source disposed to be close to
the center of the plurality of organic EL elements, or the gas
barrier layer may be formed by forming a gas barrier layer
having uniform thickness and then etching portions not over-
lapping the organic EL elements such that the portions not
overlapping the organic EL elements become thin.

D:

Electronic Apparatus

The above-mentioned organic EL panel can be applied to
various electronic apparatuses. In the mvention, the organic
EL panel 1s applied to an image display apparatus and an
image printing apparatus.

D1: Image Display Apparatus

An 1mage display apparatus having the organic EL panel
includes wiring lines for supplying electric energy and con-
trol signals to the organic EL panel and a circuit for generat-
ing 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 ol image display appara-
tuses can be used, but 1n the mvention, two types of 1mage
display apparatuses are exemplified.

FIG. 5 shows the structure of a personal computer using the
above-mentioned organic EL panel as a display unit 31. A
personal computer 30 includes a display umit 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, 1t 1s possible to meet demands for
an icrease 1n the size of the display unit 31 and a reduction 1n
the thickness and weight of the display device 31. In addition,
since the quality of light emitted from the organic EL panel 1s
hardly deteriorated, 1t1s easy to keep display quality for a long
time.

FIG. 6 shows the structure of a mobile phone using the
above-mentioned organic EL panel as a display unit 41. A
mobile 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 mobile
phone 40 uses the above-mentioned organic EL panel as the
display unit 41, 1t 1s 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 1s hardly deteriorated, 1t 1s easy to keep display quality
for a long time.

D2: Image Printing Apparatus

Next, an 1mage printing apparatus using the above-men-
tioned 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-men-
tioned organic EL panel can be applied to various types of
image printing apparatuses. However, 1n the imnvention, two
types of electrophotographic full color image printing appa-
ratuses are used as examples of the 1mage printing apparatus.
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FI1G. 7 1s a longitudinal sectional view showing an example
of an 1mage printing apparatus using the above-described
organic EL panels as line-type exposure heads. The image
printing apparatus 1s a tandem-type full-color image printing
apparatus using a belt intermediate transier method. In the 5
image printing apparatus, four exposure heads 10K, 10C,
10M, and 10Y having the same configuration are arranged at
exposure positions ol four corresponding photoconductor
drums (1mage carriers) 110K, 110C, 110M, and 110Y having
the same configuration. 10

As shown 1n FIG. 7, the image printing apparatus 1s pro-
vided with a driving roller 121 and a driven roller 122, and an
endless intermediate transier belt 120 1s wound around these
rollers 121 and 122 so as to rotate around the rollers 121 and
122 1n a direction indicated by arrow. Although not shown in 15
FIG. 7, the image printing apparatus may be provided with a
tension applying member, such as a tension roller, that applies
tension to the mtermediate transier belt 120.

The four photoconductor drums 110K, 110C, 110M, and
110Y each having a photosensitive layer on 1ts outer periph- 20
eral surface are arranged at predetermined intervals from each
other around the intermediate transier belt 120. The suflixes
K, C, M, and Y mean black, cyan, magenta, and yellow used
for forming corresponding toner images, respectively. This 1s
similarly applied to other members. The photoconductor 25
drums 110K, 110C, 110M, and 110Y are driven to rotate in
synchronization with the driving of the intermediate transter
belt 120.

A corona charging device 111 (K, C, M, and Y), the expo-
sure head 10 (K, C, M, and Y), and a developing device 114 30
(K, C, M, and Y) are arranged around each photoconductor
drum 110 (K, C, M, and Y). The corona charging device 111
(K, C, M, and Y) uniformly charges the outer peripheral
surtace of the corresponding photoconductor drum 110 (K, C,

M, and Y). The exposure head 10 (K, C7, M, andY) writes an 35
clectrostatic latent 1mage on the charged outer peripheral
surface of the photoconductor drum. The exposure heads 10
(K, C, M, orY) 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, 40
or Y). The writing of an electrostatic latent 1image 1s per-
formed by illuminating light emitted from the plurality of
organic ELL elements onto the photoconductor drums with.
The developing device 114 (K, C, M, and Y) deposits toner,
serving as a developing agent, on the electrostatic latent 45
image, thereby forming a toner image, 1.€., a visible image on
the corresponding photoconductor drum.

The black, cyan, magenta, and yellow toner images formed
by the four single-color toner image forming stations are
primarily transferred onto the intermediate transier belt 120 so
sequentially so as to be superposed onto one another on the
intermediate transter belt 120. As a result, a full-color toner
image 1s obtained. Four primary transier corotrons (transier-
ring device) 112 (K, C, M, and Y) are arranged inside the
intermediate transter belt 120. The primary transier corotrons 55
1112 (K, C, M, and Y) are arranged 1n the vicinities of the
photoconductor drums 110 (K, C, M, and Y), respectively,
and electrostatically attract the toner 1mages from the photo-
conductor drums 110 (K, C, M, and Y) to transfer the toner
images onto the intermediate transier belt 120 passing 60
between the photoconductor drums and the primary transier
corotrons.

A sheet 102 as a target on which an 1mage 1s to be finally
formed 1s fed one by one from a sheet feed cassette 101 by a
pickup roller 103, and 1s then sent to a nip between the 65
intermediate transfer belt 120 abutting on the driving roller
121 and a secondary transier roller 126. The full-color toner
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images on the intermediate transier belt 120 are secondarily
transierred onto one side of the sheet 102 collectively by the
secondary transfer roller 126, and then the transferred 1mage
passes between a pair of fixing rollers 127, serving as a fixing
unit, to be fixed on the sheet 102. Thereafter, the sheet 102 1s
discharged to a sheet discharge cassette that 1s formed on the
top of the 1image printing apparatus, by a pair of sheet dis-
charge rollers 128.

According to the above-described image printing appara-
tus, since the above-mentioned organic EL panels are used as
the exposure heads 10 (K, C, M and Y), 1t 1s possible to meet
demands for a reduction 1n the size of the exposure head. In
addition, since the quality of light emitted from the organic
EL panel 1s hardly deteriorated, it 1s easy to keep display
quality for a long time.

FIG. 8 1s a longitudinal sectional view showing another
image printing apparatus using the above-mentioned EL
panel as a line-type exposure head. The 1image printing appa-
ratus 1s a rotary-development-type full-color image printing,
apparatus using a belt intermediate transfer method.

In the 1mage printing apparatus shown 1n FIG. 8, a corona
charging device 168, a rotary developing unit 161, an expo-
sure head 167, and an intermediate transfer belt 169 are
provided around a photoconductor drum (1mage carrier) 165.

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 1s the above-mentioned
organic EL panel, 1s 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
clectrostatic latent 1mage 1s performed by illuminating light
emitted from the plurality of EL elements onto the photocon-
ductor drum.

The developing unit 161 1s a drum having four developing,
devices 163Y, 163C, 163M, and 163K arranged at angular
intervals of 90°, and 1s 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 electrostatic
latent 1image, thereby forming a toner image, 1.¢., a visible
image on the photosensitive drum 165.

The endless intermediate transier belt 169 1s wound around
a driving roller 170a, a driven roller 170b, a primary transfer
roller 166, and a tension roller, and rotates around these
rollers 1n a direction indicated by arrow. The primary transier
roller 166 clectrostatically attracts the toner 1mage from the
photoconductor drum 165 and transfers the toner image to the
intermediate transier belt 169 passing between this photocon-
ductor drum and the primary transier roller 166.

More specifically, during the first one turn of the photocon-
ductor drum 165, an electrostatic latent 1mage for a yellow
(Y) image 1s written by the exposure head 167, a toner image
with the same color 1s formed by the developing device 163Y,
and the toner image 1s then transferred onto the intermediate
transter belt 169. During the next turn of the photoconductor
drum, an electrostatic latent 1mage for a cyan (C) image 1s
written by the exposure head 167, a toner image with the same
color 1s formed by the developing device 163C, and the toner
image 1s 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 1n this way,
yellow, cyan, magenta, and black toner images are sequen-
tially superposed on the imtermediate transter belt 169. As a
result, a full-color toner 1mage 1s formed on the intermediate
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transier belt 169. When 1mages are formed on both sides of a
sheet on which the 1mages are to be finally formed, a full-
color toner 1image 1s formed on the intermediate transier belt
169 1n such a manner that toner images with the same color
are transierred onto the front and rear surfaces of the inter-
mediate transfer belt 169, and then toner images with the next
same color are transierred onto the front and rear surfaces of
the intermediate transfer belt 169.

A sheet conveying path 174 1s formed 1n the image printing
apparatus to allow a sheet to pass therethrough. A sheet i1s
picked up one by one from a sheet feed cassette 178 by a
pickup roller 179, 1s conveyed by a conveying roller along the
sheet conveying path 174, and passes through a nip between
the mtermediate transfer belt 169 abutting on the driving
roller 170a and the secondary transfer roller 171. The second-
ary transier roller 171 electrostatically attracts a full-color
toner 1mage collectively from the intermediate transfer belt
169 to transier the toner image onto one surface of the sheet.
The secondary transier roller 171 1s adapted to approach and
be separated from the intermediate transfer belt 169 by a
clutch (not shown). When a full-color image 1s transferred
onto a sheet, the secondary transier roller 171 1s brought into
contact with the intermediate transier belt 169. When a toner
image 1s superposed on the intermediate transier belt 169, the
secondary transier roller 171 1s separated from the interme-
diate transfer belt 169.

The sheet having the toner image transierred thereonto in
this manner 1s 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 1s 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, aiter 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 1s introduced nto a
conveying path 175 for double-sided printing, as indicated by
an arrow G. Then, the toner 1mage 1s transierred onto the other
surface of the sheet by the secondary transter roller 171 and
the fixing unit 172 performs the fixing process on the toner
image again. Then, the sheet 1s discharged by the pair of sheet
discharge rollers 176.

Since the above-mentioned 1image printing apparatus uses
the above-mentioned organic EL panel as the exposure head
167, 1t 1s possible to meet demands for a reduction 1n the size
of the exposure head. In addition, since the quality of light
emitted from the organic EL panel 1s hardly deteriorated, 1t 1s
casy to keep display quality for a long time.

Although the image printing apparatus has been described
as an example of the electronic apparatus including the
organic ELL device according to the invention, the organic EL
device according to the ivention can also be applied to other
clectrophotographic 1mage printing apparatuses, such as an
image printing apparatus that directly transiers a toner image
onto a sheet from a photoconductor drum without using an
intermediate transfer belt, an 1mage printing apparatus that
forms a monochromatic image, and an 1mage printing appa-
ratus that uses a photoconductor belt as an 1mage carrier.

What 1s claimed 1s:

1. A light-emitting device, comprising:

a substrate;

an 1nsulating layer formed of an inorganic compound and

having an upper surface, the msulating layer formed on
the substrate;

a plurality of light-emitting elements formed 1n a region

over the msulating layer, each of the light-emitting ele-
ments having an anode, a thin organic light-emitting
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layer, and a cathode sequentially stacked above the insu-
lating layer, the cathode of at least one of the light
emitting elements having an upper surface defining a
step, the light-emitting elements emitting light by exci-
tation due to an electric field;

an 1nsulating pixel partition wall separating the anodes of at
least two of the light-emitting elements;

an organic bufler layer having outer and inner surfaces, the
organic buffer layer being formed of an organic com-
pound and covering an area that 1s larger than the region
in which the light-emitting elements are formed, the
inner surface of the organic butfer layer filling the step of
the upper surface of the cathode such that the outer
surface of the organic buller layer 1s substantially flat;
and

first and second gas barrier layers, formed of an 1norganic
compound, disposed on the outer surface of the organic
butfer layer, and shielding the plurality of light-emaitting
elements from an environment external to the device,

only one of the first and second gas barrier layers covering,
an area larger than the organic butfer layer.

2. The light-emitting device according to claim 1, further

comprising:

a cathode protection layer that 1s provided between the
cathode and the organic buifer layer and 1s formed of an
inorganic compound.

3. The light-emitting device according to claim 1,

the first gas barrier layer covering an area larger than the
organic buffer layer, and

the second gas barrier layer covering an area that 1s smaller
than the organic buffer layer and larger than the region
where the light-emitting elements are formed.

4. The light-emitting device according to claim 1,

the second gas barrier layer being thicker than the first gas
barrier layer.

5. An electronic apparatus, comprising:

the light-emitting device according to claim 1.

6. A light-emitting device, comprising;:

a substrate;

an sulating layer on the substrate;

a plurality of light-emitting elements formed 1n a region
over the substrate, each of the light-emitting elements
having an anode, a thin organic light-emitting layer, and
a cathode sequentially stacked above the insulating
layer, the cathode of at least one of the light-emitting
clements having an upper surface defining a step, the
light-emitting elements emitting light by excitation due
to an electric field;

an 1nsulating pixel partition wall separating the anodes of at
least two of the of light-emitting elements;

an organic butler layer having outer and inner surfaces, the
organic buifer layer being formed of an organic com-
pound and covering an area that 1s larger than the region
in which the hight-emitting elements are formed, the
inner surface of the organic butfer layer filling the step of
the upper surface of the cathode such that the outer
surface of the organic bulfer layer 1s substantially flat,
the organic bufler layer having end portions; and

a gas barrier layer formed of an mnorganic compound and
covering the organic buller layer 1n order to protect the
plurality of light-emitting elements from an environ-
ment external to the device,

the gas barrier layer having a first portion and a peripheral
portion, the first portion covering the region where the
plurality of light-emitting elements are formed and
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being thicker than the peripheral portion, the peripheral
portion covering the end portions of the organic bulfer
layer.

7. The light-emitting device according to claim 6, wherein
the 1insulating laver has an upper surtace, the light-emitting,
device further comprising;:

in the end portions of the organic buffer layer, an angle
between the outer surface of the organic butler layer and
the upper surface of the mnsulating layer on the substrate

being 20° or less, the insulating layer being formed of an
inorganic compound.

8. A light-emitting device, comprising:
a substrate having a light-emitting region;

a light-emitting element disposed above the substrate in
the light-emitting region, the light-emitting element hav-
ing a first electrode, a second electrode, and a light-

emitting layer disposed between the first electrode and
the second electrode;

an organic buffer layer disposed over the light-emitting
element and being formed of an orvganic compound, a
region of forming of the ovganic buffer layver being larger
than the light-emitting region;

a first gas barrier layer disposed over the organic buffer

laver and being formed of an inorganic compound, a
region of forming of the first gas barrier layer being
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lavger than the region of forming of the organic buffer
layer,; and

a second gas barrier laver disposed on the first gas barrier
layver and formed of an inovganic compound, a vegion of
Jorming of the second gas barrier layer being smaller
than the region of forming of the organic buffer layer.

9. A light-emitting device, comprising:

a substrate having a light-emitting region,

a light-emitting element disposed above the substrate in
the light-emitting vegion, the light-emitting element hav-
ing a first electrode, a second electrode, and a light-
emitting layer disposed between the first electrode and
the second electrode;

an organic buffer laver disposed over the light-emitting
element and being formed of an organic compound, a
region of forming of the organic buffer layer being larger
than the light-emitting vegion; and

a gas barrier layer disposed over the ovganic buffer layer
and being formed of an inovganic compound, a vegion of
Jorming of the gas barrier layer being larger than the
region of forming of the organic buffer layer, the gas
barrier layer having a first portion covering the light-
emitting vegion and a second portion covering an edge
portion of the organic buffer layer, the thickness of the
first portion is larger than the thickness of the second

portion.
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