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ORGANIC EL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority of Japanese
Patent Application No. 2006-291550, filed on Oct. 26, 2006.”
The contents of this application are incorporated herein by
reference in their entirety.

FIELD OF THE INVENTION
[0002] 1. Technical Field
[0003] Theinvention relates to an organic EL (electrolumi-

nescent) display and a manufacturing method thereof.
[0004] 2. Description of the Related Art

[0005] Generally, an organic EL, display has a structure
including an organic EL element capable of emitting light
disposed on an element substrate, and a protective layer for
sealing the organic EL element disposed on the organic EL
element. A structure has also been proposed which further
includes a capping layer disposed between the organic EL
element and the protective layer so that light emitted from the
organic EL element is efficiently extracted to the outside
(refer to Japanese Unexamined Patent Application Publica-
tion No. 2006-173092).

[0006] A manufacturing method of such an organic EL
display will be briefly described below. For example, first, an
element substrate is prepared. An organic EL element and a
capping layer are deposited by vapor deposition on the ele-
ment substrate, and then a protective layer is formed by CVD
on the capping layer.

[0007] However, in the process of manufacturing the
organic EL display, foreign matter, such as particles, may be
present between the organic EL element and the capping
layer. The protective layer does not easily adhere around such
foreign matter, and there may be a case where pinholes are
formed in the protective layer. In such a case, moisture and
oxygen in air infiltrate into the organic EL element through
the pinholes of the protective layer, thus degrading the
organic EL element, resulting in a decrease in the yield.

SUMMARY OF THE INVENTION

[0008] According to one aspect of the invention, a manu-
facturing method of an organic EL display comprising pre-
paring an organic EL, element comprising an organic layer
including a light emitting layer, and a pair of electrode layers
disposed on both upper and lower sides of the organic layer.
The organic layer comprises first organic material. The manu-
facturing method also comprising depositing an organic
material layer comprising second organic material having a
glass transition point lower than one of the first organic mate-
rial, on the organic EL element.

[0009] According to another aspect of the invention, a first
organic EL display comprises an organic EL element com-
prising an organic layer including a light emitting layer, and a
pair of electrode layers formed on both upper and lower sides
of the organic layer, the organic layer comprising a first
organic material. The first organic EL display also comprises
a capping layer formed on the organic EL element. The cap-
ping layer comprises a second organic material having a glass
transition point lower than that of the first organic material.
The first organic EL display further comprises a protective
layer formed on the capping layer. The capping layer covers at
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least a lower part of a foreign matter between the organic EL
element and the protective layer while an upper part of the
foreign matter is exposed from the capping layer.

[0010] According to another aspect of the invention, a sec-
ond organic EL display comprises an organic EL. element
comprising an organic layer including a light emitting layer,
and a pair of electrode layers disposed on both upper and
lower sides of the organic layer, the organic layer comprising
first organic material. The second organic FL display also
comprises a capping layer formed on the organic EL element,
comprising second organic material having a glass transition
point lower than that of the first organic material. The second
organic EL, display further comprises a protective layer
formed on the capping layer and a partition wall disposed
around the organic EL element. The capping layer covers at
least a lower part of the partition wall with the upper part of
the partition wall exposed from the capping layer.

[0011] According to the invention, since at least a lower
part of a foreign matter or a partition wall can be satisfactorily
covered with the capping layer, the protective layer can be
satisfactorily deposited. Consequently, the sealing properties
of the organic EL element can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective plan view of an organic EL
display according to a first embodiment of the invention;
[0013] FIG.2A is across-sectional view of a display area of
the organic EL display according to the first embodiment, and
FIG. 2B is an enlarged partial cross-sectional view of the
organic EL display according to the first embodiment;
[0014] FIG. 3 is a cross-sectional view of a non-display
area of the organic EL display according to the first embodi-
ment;

[0015] FIGS.4A, 4B, and4C illustrate a process of forming
an organic material layer of the organic EL display illustrated
in FIG. 1 and illustrate, respectively, the organic material
layer before fluidization, the organic material layer after flu-
idization, and the organic material layer after solidification;
[0016] FIG. 5is a cross-sectional view of a display area of
an organic EL display according to a second embodiment of
the invention;

[0017] FIG. 6is a cross-sectional view of a display area of
an organic EL display according to a third embodiment of the
invention;

[0018] FIG. 7isacross-sectional view of the display area of
the organic EL display according to the third embodiment and
illustrates an organic material layer before fluidization;
[0019] FIG. 8isacross-sectional view ofthe display area of
the organic EL display according to the third embodiment and
shows an example of the organic material layer after solidi-
fication;

[0020] FIG. 9isacross-sectional view ofthe display area of
the organic EL display according to the third embodiment and
shows another example of the organic material layer after
solidification; and

[0021] FIG. 10 is an enlarged partial cross-sectional view
of an organic EL display according to a fourth embodiment of
the invention.

DESCRIPTION OF THE PREFERRED

EMBODIMENT
[0022] Embodiments of the organic EL display according
to the invention will now be described in detail with reference
to the drawings.

First Embodiment

Organic EL Display

[0023] An organic EL display according to a first embodi-
ment is used in an electric household appliance, such as a
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television, or an electronic apparatus, such as a mobile phone
or a computer device, and includes a planar element substrate
1 and organic EL elements 2 disposed on the element sub-
strate 1, as illustrated in FIG. 1. A capping layer 3 and a
protective layer 4 are disposed on the organic EL elements 2.
[0024] The element substrate 1 is composed of glass or
plastic. A plurality of organic EL elements 2 are arranged in a
matrix on a display region located in the center of the element
substrate 1. A driver IC 5 configured to control light emission
of the organic EL elements 2 is mounted on a non-display
region located at an end of the element substrate 1.

[0025] A cover substrate 6 is disposed on the element sub-
strate 1 so as to be opposed to the element substrate 1. The
cover substrate 6 is a transparent substrate and can be com-
posed of, for example, glass or plastic. Furthermore, a sealing
material 7 is disposed along the periphery of the display
region of the element substrate 1. The plurality of organic EL
elements 2 are sealed by the element substrate 1, the cover
substrate 6, and the sealing material 7. As the sealing material
7, for example, a photo-curable or thermosetting acrylic resin,
epoxy resin, urethane resin, or silicone resin can be used.
[0026] The individual layers disposed between the element
substrate 1 and the cover substrate 6 will now be described
with reference to FIGS. 2A, 2B, and 3. A circuit layer 8
provided with TFTs and electric circuit is disposed on the
element substrate 1. An insulating layer 9 composed of SINx
(0<x=1.2) orthe like is disposed on the circuit layer 8 so that
the circuit layer 8 is electrically isolated from outside. A
planarizing layer 10 composed of a resin is disposed on the
insulating layer 9, the planarizing layer 10 reducing irregu-
larities on the circuit layer 8 and the insulating layer 9. As the
planarizing layer 10, an organic material having an insulating
property, such as a novolac resin, an acrylic resin, an epoxy
resin, or a silicone resin, can be used. The planarizing layer 10
is formed in a tapered shape.

[0027] Furthermore, through-holes that pass through the
planarizing layer 10 and the insulating layer 9 are formed. A
contact layer 11 composed of a metal material, such as copper
or aluminum, is disposed on the interior surface of each of the
through-holes and so as to extend from the interior surface
toward the upper surface of the planarizing layer 10. Such a
contact layer 11 is electrically connected to the circuit layer 8.
[0028] The organic EL elements 2 are disposed on the
planarizing layer 10, and each of the organic EL elements 2
includes a lower electrode layer 12, an organic layer 13, and
an upper electrode layer 14.

[0029] The lower electrode layer 12 is disposed on the
upper surface of the planarizing layer 10 and spaced from the
contact layer 11. The lower electrode layer 12 is composed of
a metal, such as aluminum, silver, copper, gold, or rhodium,
an alloy of these metals, or the like. An interlayer insulation
film 15 is interposed between the lower electrode layer 12 and
the contact layer 11. A part of the interlayer insulation film 15
is interposed between the upper electrode layer 14 and the
lower electrode layer 12, thus preventing short-circuiting
therebetween.

[0030] The organic layer 13 is disposed on the lower elec-
trode layer 12. The organic layer 13 includes, for example, a
hole injection layer for injecting holes, a hole transporting
layer for transporting holes, a luminescent layer that emits EL
light, an electron transporting layer for transporting electrons,
and an electron injection layer for injecting electrons stacked
in that order from the element substrate 1 side. Note that the
structure of the organic layer 13 is not limited to the five-
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layered structure described above. As long as the luminescent
layer is included, any of various layer structures, such as
one-layered to four-layered structures, may be employed for
the organic layer 13.

[0031] Materials for the individual layers constituting the
organic layer 13 will be described below. The hole injection
layer is composed of, for example, NiOx (0<x=1.2), CuPc,
TiOx (0<x=1.2), CFx (0<x=1.2), or the like. The hole
transporting layer is composed of, for example, a-NPD, TPD,
or the like. The luminescent layer is composed of, for
example, CBP, Alq,, SDPVB;, or the like, to which an addi-
tive, such as DCJTB, coumarin, quinacridone, styrylamine,
or perylene, may be added. The electron transporting layer is
composed of, for example, Alq,, oxadiazole, silole, ben-
zothiazole, or the like. The electron injection layer is com-
posed of, for example, LiF, MgF,, CaF,, CsF, BaF,, or the
like. Note that the refractive index of the organic layer 13 is in
arange of 1.2 to 2.7.

[0032] When a voltage is applied between the lower elec-
trode layer 12 and the upper electrode layer 14, acurrent flows
through the organic layer 13, thereby causing electrolumines-
cence.

[0033] The upper electrode layer 14 is disposed on the
organic layer 13 and is composed of a light-transmitting
electrically conductive material. The upper electrode layer 14
extends from on the organic layer 13 through the interlayer
insulation film 15 onto the contact layer 11 and is electrically
connected to the contact layer 11. The upper electrode layer
14 is composed of, for example, a transparent electrically
conductive material, such as I'TO or 170, an alkali metal, such
as L1, an alkaline-earth metal, such as Mg, Ca, Sr, or Ba, or an
alloy of these metals. When a metal, such as an alkali metal or
an alkaline-earth metal, is used for the upper electrode layer
14, by decreasing the thickness of the upper electrode layer
14, light can be transmitted through the upper electrode layer
14.

[0034] The capping layer 3 is allowed to have a function of
efficiently extracting light emitted by the organic layer 13 to
the outside by appropriately setting the thickness and the
refractive index thereof so that the wavelength of the forward
wave traveling from the capping layer 3 toward the protective
layer 4 and the wavelength of the reflected wave reflected by
the upper electrode layer 14 and traveling toward the protec-
tive layer 4 are combined to efficiently resonate light. In view
of efficient resonance of light, the difference in the refractive
index between the protective layer 4 and the capping layer 3
is preferably 0.7 or less, and more preferably 0.3 or less.
[0035] The capping layer 3 is formed so as to cover the
organic EL, element 2 disposed on the element substrate 1
side. Specifically, in the display region, the capping layer 3 is
formed so as to cover the upper electrode layer 14, and in the
non-display region, the capping layer 3 is formed from onthe
planarizing layer 10 onto the insulating layer 9 through the
side surface of the planarizing layer 10. The end of the cap-
ping layer 3 is located between the sealing material 7 and the
planarizing layer 10. The thickness ofthe capping layer 3 is in
a range of 50 to 200 nm.

[0036] Thecappinglayer 3 is composed of an organic mate-
rial, such as a-NPD, TPD, or m-MTDATA, having a glass
transition point lower than that of the organic material con-
stituting the organic layer 13 of the organic EL element 2. The
capping layer 3 includes a crystalline portion where mol-
ecules are densely packed and an amorphous portion where
molecules are sparsely packed. Here, the glass transition



US 2008/0129194 Al

point is defined as the temperature at which the amorphous
portion starts to fluidize when the capping layer 3 is heated.
[0037] Specifically, when a-NPD with a glass transition
point of 95° C. is used for a part of the layers constituting the
organic EL element 2, the organic material used for the cap-
ping layer 3 is composed of m-MTDATA with a glass transi-
tion point of 75° C. or TPD with a glass transition point of 60°
C. Note that the melting point of a-NPD is 280° C.t0 285°C.,
which is higher than the glass transition point. When any of
the materials described above is used for the capping layer 3,
the refractive index of the capping layer 3 is in a range of 1.6
to 2.7,

[0038] The capping layer 3 is composed of a low-molecu-
lar-weight organic material that can be deposited by vapor
deposition, unlike polymers, and thus the production process
can be simplified.

[0039] Asillustrated in FIG. 2B, foreign matter P, such as a
particle, often adheres onto a part of the organic EL element
2. In this embodiment, the capping layer 3 is in close contact
with the lower side surface of the foreign matter P so that the
capping layer 3 is not easily separated from the foreign matter
P by a gap. As illustrated in FIG. 2B, the thickness of the
capping layer 3 is smaller than the height of the foreign matter
P. In this case, although the upper part of the foreign matter P
is not covered with the capping layer 3, the capping layer 3
can keep close contact with the foreign matter without having
a gap therebetween. A portion 3¢ of the capping layer 3
covering the side surface of the foreign matter P covers the
periphery of the foreign matter P so as to swell from the
element substrate 1 side toward the cover substrate 6 side, and
thus the difference in level between the planer portion of the
capping layer 3 and the top of the foreign matter P is
decreased.

[0040] The protective layer 4 extends from on the capping
layer 3 onto the element substrate 1 so as to cover the capping
layer 3. The protective layer 4 covers the organic EL elements
2 and the capping layer 3 and can protect them from moisture
and external air. The protective layer 4 has a light-transmit-
ting property and is composed of an inorganic material, such
as SiNx (0<x=1.2), SiOx (0<x=1.2), or SiON. The thick-
ness of the protective layer 4 is in a range of 500 nm to 5 pm.
When the protective layer 4 is composed of SiNx (0<x=1.2),
SiOx (0<x=1.2), or the like, the refractive index thereof is
1.5102.0.

[0041] When the foreign matter P adheres onto the organic
EL element 2, the protective layer 4 is formed so as to cover
the foreign matter P. The protective layer 4 is continuously
formed on the upper surface of the capping layer, the portion
3a and a part of the foreign matter P.

[0042] In such a manner, by covering the entire surface of
the capping layer 3 comprising an organic material through
which moisture and oxygen easily pass compared with the
inorganic material, it is possible to reduce moisture and oxy-
gen infiltrating into the capping layer 3. Furthermore, since
the capping layer 3 is in close contact with the foreign matter
P, itis possible to reduce peeling of the protective layer 4 due
to the presence of a gap.

[0043] <Manufacturing Method of Organic EL Display>
[0044] A manufacturing method of the organic EL display
according to the first embodiment described above will now
be described. First, a circuit layer 8 can be formed in a pre-
determined pattern on an element substrate 1 using a thin-film
forming technique, such as known CVD, sputtering, or spin-
coating, and a thin-film processing technique, such as etching
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or photolithography. Then, an insulating layer 9, a planarizing
layer 10, a contact layer 11, a lower electrode layer 12, and an
interlayer insulation film 15 are formed in that order on the
circuit layer 8 using the thin-film forming technique and the
thin-film processing technique.

[0045] Subsequently. an organic layer 13 is formed on the
lower electrode layer 12 and the interlayer insulation film 15
by vapor deposition using a vapor deposition mask. Specifi-
cally, in a vacuum chamber provided with a vapor deposition
source capable of heating and vaporizing a vapor deposition
material on the lower part thereof, the element substrates on
which the individual layers described above are formed and a
vapor deposition mask having many openings are prepared.
Then, the element substrate 1 is arranged on the upper part in
the vacuum chamber with the side provided with the indi-
vidual layers being directed downward.

[0046] The vapor deposition mask is disposed between the
element substrate 1 and the vapor deposition source, and at
the same time, the vapor deposition mask is aligned with the
element substrate 1 so as to expose portions of the element
substrate 1 on which the organic layer 13 is formed. A high
vacuum is produced in the vacuum chamber, and an organic
material is heated and vaporized from the vapor deposition
source to form the organic layer 13 on the element substrate 1
through the openings of the vapor deposition mask.

[0047] Subsequently. with the vacuum being maintained,
an upper electrode layer 14 is deposited by vapor deposition
to form each of organic EL elements 2. Then, with the vacuum
being maintained, an organic material constituting a capping
layer 3 is vaporized by vapor deposition to deposit an organic
material layer 3' on the upper electrode layer 14.

[0048] Subsequently, by applying heat to the organic EL
element 2 and the organic material layer 3', the organic mate-
rial layer 3'is fluidized. Since heat is not easily transmitted in
a vacuum, the temperature of the vapor deposition source
located on the lower part of the vacuum chamber is greatly
different from the temperature of the element substrate 1
located on the upper part. Consequently, heat is directly
applied to the element substrate 1 by a heater or the like.
[0049] The temperature applied to the organic EL element
2 and the organic material layer 3' is higher than the glass
transition point of the organic material layer 3' and lower than
the glass transition point of the organic layer 13 constituting
the organic EL element 2. Preferably, the temperature applied
to the organic EL element 2 and the organic material layer 31
is lower than the glass transition point of the organic layer 13
by 10° C. or more. When the temperature is increased to the
glass transition of the organic material constituting the
organic material layer 3', the amorphous portion of the
organic material layer 3' starts to be fluidized, and when the
organic EL element 2 and the organic material layer 3' are
heated up to the melting point of the organic material consti-
tuting the organic material layer 3', a non-amorphous portion
of the organic material layer 31 starts to be fluidized. Conse-
quently, the heating temperature for the organic EL element 2
and the organic material layer 3' is lower than the glass tran-
sition point of the organic layer 13 constituting the organic EL
element 2. Most of the portion fluidized in the organic mate-
rial layer 3' may correspond to the amorphous portion of the
organic material layer 3'.

[0050] As a result, the amorphous portion of the organic
material layer 3' can be fluidized without fluidizing the
organic layer 13 constituting the organic EL element 2. Then,
the temperature of the organic material layer 3' is set lower
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than the glass transition point of the organic material layer 3
to solidify the fluidized organic material layer 3', and thus a
capping layer 3 is formed.

[0051] The method for forming the capping layer 3 will be
described below in detail with reference to FIGS. 4A 10 4C.
FIGS. 4A 10 4C are cross-sectional views schematically illus-
trating the state of the organic EL element 2 and the capping
layer 3.

[0052] As illustrated in FIG. 4A, when foreign matter P,
such as a particle, adheres on the organic EL element 2 and the
organic material layer 3', there may be a case where a part of
the organic material layer 3'is formed on the foreign matter P
and a gap G is present between the organic EL element 2 and
the foreign matter P. As illustrated in FIG. 4B, when the
organic material layer 3' is fluidized, the part of the organic
material layer 3' on the foreign matter P moves to the element
substrate 1 side through the side surface of the foreign matter
P. The fluidized organic material layer 3' enters and fills the
gap G. Then, the organic material layer 3' is solidified to form
the capping layer 3.

[0053] Subsequently, the element substrate 1 is transferred
to a CVD apparatus, and as illustrated in FIG. 4C, the protec-
tive layer 4 is formed by CVD on the solidified capping layer
3. When CVD is employed, a reactive gas constituting the
protective layer 4 is easily adsorbed onto a planar surface.
However, when a gap G is present, the reactive gas does not
easily infiltrate into the gap G, and thus pinholes may be
formed in the protective layer 4. On the other hand, according
to this embodiment, the gap G can be filled with the capping
layer 3, and the protective layer 4 can be continuously formed
on the capping layer 3.

[0054] Finally, the organic EL elements 2 of the element
substrate 1 and one surface of a cover substrate 6 are placed so
as to oppose each other, and a sealing material 7 is provided in
the periphery of each of the element substrate 1 and the cover
substrate 6 to seal the organic EL elements 2. A driver IC 5,
etc. is connected to the element substrate 1, and thereby, an
organic EL display is completed.

[0055] As described above, when there is a gap between the
capping layer 3 and the foreign matter P, the gap can be filled
by fluidizing the organic material layer 3'. Such a capping
layer 3 is formed on the planarizing layer 10 so as to cover the
side surface of the planarizing layer 10, as illustrated in FIG.
3. Consequently, when there is a space between the end of the
planarizing layer 10 and the insulating layer 9, the space can
be filled. As a result, the step coverage of the protective layer
4 formed on the capping layer 3 can be improved. Further-
more, since the planarizing layer 10 is composed of an
organic material, moisture and oxygen easily pass through the
planarizing layer 10. However, by fluidizing the organic
material layer 3', irregularities on the planarizing layer 10 can
be reduced, and the protective layer 4 can be continuously
formed on the planarizing layer 10 through the capping layer
3. As a result, it is possible to reduce moisture and oxygen
passing through the planarizing layer 10 and infiltrating into
the organic EL element 2.

[0056] Inthe manufacturing method described above, after
the organic material constituting the capping layer 3 is vapor-
ized by vapor deposition, the organic material layer 3' is
fluidized. A method may be used in which the upper electrode
layer 14 is previously heated when vapor deposition is petr-
formed so that the organic material deposited on the upper
electrode layer 14 is fluidized with the heat held in the upper
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electrode layer. In such a case, it is possible to shorten the
period of time for manufacturing the organic EL display.
[0057] Inthe manufacturing method described above, after
the vapor deposition material for the capping layer 3 is vapor-
ized by vapor deposition, the organic material layer 3' is
heated without turning the element substrate 1 upside down.
Specifically, the organic material layer 3' keeps facing down-
ward during fluidizing and vaporizing the organic material
layer 3'. However, when the viscosity of the organic material
constituting the capping layer 3 is relatively low, in order to
prevent the fluidized organic material layer 3', which has been
fluidized by heating, from dripping from the surface of the
upper electrode layer 14 toward the vapor deposition source
located below, preferably, after the element substrate 1 is
reversed such that the organic material layer 3' is arranged
above the element substrate 1, the organic material layer 3'is
heated.

Second Embodiment

[0058] An organic EL, display according to a second
embodiment will be described below with reference to FIG. 5.
The parts different from the first embodiment will be mainly
described.

[0059] In the organic EL display according to the second
embodiment, a first protective layer 16, a capping layer 3, and
a second protective layer 17 are formed in that order on an
upper electrode layer 14. Each of the first protective layer 16
and the second protective layer 17 is composed of, for
example, an inorganic material, such as SiNx (0<x=1.2),
SiOx (0<x=1.2), or SiON, and the thickness thereof is in a
range of 500 nm to 5 um, as in the protective layer 4 described
above. Each of the first protective layer 16 and the second
protective layer 17 is formed by known CVD. The first pro-
tective layer 16 and the second protective layer 17 protect the
organic EL element 2 from moisture and external air as in the
protective layer 4.

[0060] By forming the capping layer 3 on the first protec-
tive layer 16, even when the first protective layer 16 has a gap
such as a pinhole, the gap can be covered with the capping
layer 3. Furthermore, by fluidizing the organic material layer
3' by heating, the organic material layer 3' is allowed to even
enter the gap, and the step coverage on the first protective
layer 16 can be improved. Consequently, the second protec-
tivelayer 17 can be continuously formed on the capping layer
3

[0061] Furthermore, by doubly covering the organic EL
element 2 with the first protective layer 16 and the second
protective layer 17, it is possible to reduce moisture and
oxygen infiltrating into the organic EL element 2. By forming
the first protective layer 16 using SiON that can easily reduce
irregularities on the substrate, the capping layer 3 can be
easily formed on the first protective layer 16, and thus the step
coverage on the first protective layer 16 can be improved.
Furthermore, by forming the second protective layer 17 using
SiNx (0<x=1.2) that can more effectively prevent the infil-
tration of moisture and oxygen than SiON, it is possible to
satisfactorily reduce degradation of the organic EL element.

Third Embodiment

[0062] An organic EL display according to a third embodi-
ment will be described below with reference to FIG. 6. The
parts different from the first embodiment will be mainly
described.
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[0063] In the organic EL display according to the third
embodiment, a partition wall 18 having a reversed-tapered
shape in which the bottom is narrower than the top is formed
on an interlayer insulation film 15, and an organic material
layer 3 is formed on the side surface of the partition wall 18.
[0064] When an organic EL element 2 is formed by known
vapor deposition, the upper surface of the partition wall 18
functions as an eaves or a mask so thatan organic layer 13 and
an upper electrode 14 are not continuously formed at the
inclined side surface of the partition wall 18. Consequently,
the upper electrode layer 14 can be divided into the individual
pixels.

[0065] After an organic material layer 3' is formed on the
partition wall 18 and the organic EL element 2 by vapor
deposition, a capping layer 3 is formed by heating at a tem-
perature equal to or higher than the glass transition point of
the organic material layer 3' and equal to or lower than the
glass transition point of the organic layer 13.

[0066] As illustrated in FIG. 7, since the partition wall 18
has a reversed-tapered shape, the organic material layer 3'
before heating does not adhere to the lower side surface of the
partition wall 18, and the organic material layer 3' is formed
separately on the organic EL element 2 and on the partition
wall 18. At this stage, there may be a case where a gap G is
formed between the organic material layer 3' deposited on the
partition wall 18 and the lower side surface of the partition
wall 18. If a protective layer 4 is formed on the organic
material layer 3' with such a gap G being present, the protec-
tive layer 4 does not easily adhere to the periphery of the gap
G, and there is a possibility that pinholes may be formed in the
protective layer 4.

[0067] Consequently, in this embodiment, as described
above, the organic material layer 3' is heated at the tempera-
ture described above. Therefore, when the organic material
layer 3' is heated, as illustrated in FIG. 8 or 9, the organic
material layer 3' on the partition wall 18 is fluidized by heat-
ing and fills the gap G. Depending on the relationship
between the material for the partition wall 18 and the material
for the organic material layer 3', in the case where the organic
material layer 3'is not easily fluidized, a state as illustrated in
FIG. 8 is obtained, and in the case where the organic material
layer 3' is easily fluidized, a state as illustrated in FIG. 9 is
obtained.

[0068] As a result, as shown in FIG. 6, it is possible to
enhance the quality of the protective layer 4. Furthermore, by
covering the side surface of the reversed-tapered partition
wall with apart of the capping layer 3, the step coverage of the
protective layer 4 formed on the partition wall 18 can be
improved, and the protective layer 4 can be formed continu-
ously.

Fourth Embodiment

[0069] An organic EL display according to a fourth
embodiment will be described below with reference to FIG.
10. The parts different from the first embodiment will be
mainly described.

[0070] Foreign matter P, such as a particle, often adheres
onto a planarizing layer 10. In such a case, as in the embodi-
ment described above, a pinhole may be formed due to the
foreign matter P in a protective layer 4.

[0071] Consequently, as in the embodiment described
above, an organic material layer 3' formed on the planarizing
layer 10 is fluidized by heating so that a gap between the
foreign matter P and the organic material layer 3' is filled, and
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thus a capping layer 3 is formed. The thickness of the capping
layer 3 is smaller than the height of the foreign matter P. Even
at such a thickness, it is possible to fill the gap caused by the
foreign matter P. In such a case, as illustrated in FIG. 10, a part
of the capping layer 3 is in contact with the lower side surface
of the foreign matter P with an upper portion of the foreign
matter P being exposed.

[0072] Since the part of the surface of the lower portion of
the foreign matter P is satisfactorily covered with the capping
layer 3, it is possible to reduce pinholes which may be formed
in the protective layer 3 disposed thereon.

[0073] In each of the embodiments described above, the
sealing material 7 is disposed along the periphery of the
element substrate 1. However, the sealing material 7 may be
formed so as to cover the entire display region between the
element substrate 1 and the cover substrate 6.

[0074] In each of the embodiments described above, a top
emission structure has been explained in which light emitted
from the organic EL element 2 is extracted from the cover
substrate 6 side. A bottom emission structure in which light is
extracted from the element substrate 1 side may be possible.
[0075] Itisto beunderstood that the invention is not limited
to the embodiments described above, and various modifica-
tions, improvements, etc. will be possible within the scope of
the invention.

What is claimed is:
1. A manufacturing method of an organic EL display com-
prising:
preparing an organic EL element comprising an organic
layer including a light emitting layer, and a pair of elec-
trode lavers disposed on both upper and lower sides of
the organic layer, the organic layer comprising a first
organic material,
depositing an organic material layer comprising a second
organic material having a glass transition point lower
than that of the first organic material, on the organic EL
element;
heating the organic material layer at a temperature which is
lower than the glass transition point of the first organic
material and higher than that of the second organic mate-
rial, to fluidize at least a part of the organic material
layer;
cooling the organic material layer to a temperature which is
lower than the glass transition point of the second
organic material, to change the fluidized organic mate-
rial layer into a capping layer by solidifying the fluidized
organic material layer; and
forming a protective layer on the capping layer.
2. A manufacturing method of an organic EL display
according to claim 1,
wherein, when a foreign matter is adhered to the organic
EL element, a first gap is formed between the foreign
matter and the organic material layer on the organic EL
element before fluidizing the organic material layer.
3. A manufacturing method of an organic EL, display
according to claim 2,
wherein the fluidized organic material layer enters the first
gap.
4. A manufacturing method of an organic EL display
according to claim 2,
wherein the organic material layer comprises a first portion
on the organic EL element and a second portion disposed
on the foreign matter and separated from the first portion
before fluidizing the organic material layer, and
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wherein the second portion enters the first gap while flu-
idizing the organic material layer.

5. A manufacturing method of an organic EL display

according to claim 1, further comprising:

forming a partition wall around the organic EL element
before depositing the organic material layer,

wherein a second gap is formed between the partition wall
and the organic material layer before fluidizing the
organic material layer.

6. A manufacturing method of an organic EL display

according to claim 5,

wherein the fluidized organic material layer enters the sec-
ond gap.

7. A manufacturing method of an organic EL display

according to claim 5,

wherein the organic material layer comprises a first portion
ontheorganic EL element and a second portion disposed
on the partition wall and separated from the first portion
before fluidizing the organic material layer, and

wherein the second portion enters the second gap while
fluidizing the organic material layer.

8. An organic EL display comprising:

an organic EL element comprising an organic layer includ-
ing a light emitting layer, and a pair of electrode layers
on both upper and lower sides of the organic layer, the
organic layer comprising a first organic material;

a capping layer on the organic EL element, comprising a
second organic material having a glass transition point
lower than that of the first organic material; and

a protective layer on the capping layer;

wherein the capping layer covers at least a lower part of a
first foreign matter between the organic EL element and
the protective layer while an upper part of the first for-
eign matter is exposed from the capping layer.

9. An organic EL display comprising:

an organic EL element comprising an organic layer includ-
ing a light emitting layer, and a pair of electrode layers
on both upper and lower sides of the organic layer, the
organic layer comprising first organic material;

a capping layer on the organic EL element, comprising
second organic material having a glass transition point
lower than that of the first organic material;

a protective layer on the capping layer; and

a partition wall around the organic EL element;

wherein the capping layer covers at least a lower part of the
partition wall while an upper part of the partition wall
exposed from the capping layer.

10. An organic EL display according to claim §,

wherein a difference in refractive indexes between the cap-
ping layer and the protective layer is within 0.7.

11. An organic EL display according to claim 8, further

comprising:

a circuit layer configured to control light emission of the
organic EL element; and

a planarizing layer covering the circuit layer;,

wherein the organic EL element is formed on the planariz-
ing layer and a part of the protective layer is formed on
the planarizing layer; and

wherein the capping layer has an extended portion on the
planarizing layer, the extended portion covering at least
a lower part a second foreign matter between the part of
the protective layer and the planarizing layer while an
upper part of the second foreign matter is exposed from
the extended portion.
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12. An organic EL display according to claim 9, further
comptrising:
a circuit layer configured to control light emission of the
organic EL, element; and
a planarizing layer covering the circuit layer;
wherein the organic EL element is formed on the planariz-
ing layer and a part of the protective layer is formed on
the planarizing layer; and
wherein the capping layer has an extended portion on the
planarizing layer, the extended portion covering at least
a lower part of a second foreign matter between the
protective layer and the planarizing layer while an upper
part of the second foreign matter is exposed from the
extended portion.
13. An organic EL display according to claim 12, further
comprising:
an element substrate comprising the circuit layer;
a cover substrate disposed on the element substrate to be
opposite to the element substrate; and
a sealing material disposed between the element substrate
and cover substrate, surrounding the organic EL ele-
ment;
wherein the capping layer is formed inside a region sur-
rounded by the sealing material.
14. An organic EL display according to claim 13, further
comprising:
an element substrate comprising the circuit layer;
a cover substrate disposed on the element substrate to be
opposite to the element substrate; and
a sealing material disposed between the element substrate
and cover substrate, surrounding the organic EL ele-
ment;
wherein the capping layer is formed inside a region sur-
rounded by the sealing material.
15. An organic EL display according to claim 12, further
comprising:
an element substrate comprising the circuit layer;
a cover substrate disposed on the element substrate to be
opposite to the element substrate; and
a sealing material disposed between the element substrate
and cover substrate, contacting the protective layer on
the organic EL element.
16. An organic EL display according to claim 13, further
comprising:
an element substrate comprising the circuit layer;
a cover substrate disposed on the element substrate to be
opposite to the element substrate; and
a sealing material disposed between the element substrate
and cover substrate, contacting the protective layer on
the organic EL element.
17. An organic EL display according to claim 8,
wherein the lower part of the first foreign matter is the
lower side surface thereof.
18. An organic EL display according to claim 9,
wherein the lower part of the partition wall is the lower side
surface thereof.
19. An organic EL display according to claim 11,
wherein the lower part of the second foreign matter is the
lower side surface thereof.
20. An organic EL display according to claim 12,
wherein the lower part of the second foreign matter is the
lower side surface thereof.
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