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(57) ABSTRACT

Increase in resolution of an organic EL display panel is made
achievable with a relatively simple process. An emissive layer
of an OLED is formed by stacking an R emissive layer, a G
emissive layer, and a B emissive layer corresponding to an R
color, a G color, and a B color. The glass-transition tempera-
tures Ty, Ty, and T, 5 of the R emissive layer, the G
emissive layer, and the B emissive layer are set to satisfy
T .k <L4.5<T 4.5 Dueto laser irradiation, the G pixel is selec-
tively annealed at an annealing temperature T, satisfying
T, z<T ,<T, ; to make the R emissive layer of the G pixel
lose an emission function. Further, the B pixel is selectively
annealed at T , satisfying T, <T <T, 5 to make the R emis-
sive layer and the G emissive layer of the B pixel lose the
emission function.

7 Claims, 6 Drawing Sheets
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1
ORGANIC EL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP2013-139455 filed on Jul. 3, 2013, the content
of which is hereby incorporated by reference into this appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic electrolumines-
cence (EL) display device and a method of manufacturing the
organic electroluminescence display device.

2. Description of the Prior Art(s)

The organic EL display device generates a plurality of
colors such as red (R), green (G), and blue (B) using light
emitted by organic light-emitting diodes (OLED) as organic
electroluminescence elements to display a color image. Fach
of pixels arranged two-dimensionally in an image display
area is constituted by a plurality of types of sub-pixels for
emitting light different in color from one another. The emis-
sion intensities of the respective sub-pixels can independently
be controlled, and the pixel can express a variety of colors in
accordance with the balance between the emission intensi-
ties.

In the past, mechanisms of generating the plurality of col-
ors have been roughly categorized into three configurations.
The first configuration is one having a plurality of types of
OLED having emission colors different from one another
such as R, G, and B arranged in the image display area as
sub-pixels. In the present configuration, the emission colors
of the OLEDs are made different from one another by sepa-
rately applying the materials of an emissive layer of the
OLED in accordance with the colors of the sub-pixels. There-
fore, the present configuration is called an RGB separate
coating method or the like. In the RGB separate coating
method, a shadow mask is disposed on a substrate, and the
emissive layer is vapor-deposited in opening sections of the
shadow mask.

The second configuration is one having an OLED for emit-
ting white (W) light and a color filter (CF) combined with
each other. In the present configuration, the OLEDs of the
sub-pixels emit common white light, and color filters differ-
ent in transmission color in accordance with the colors of the
sub-pixels are disposed nearer to the display surface than the
OLED:s. Hereinafter, the present configuration is called a CF
method.

The third configuration is one called a color conversion
materials (CCM) method. In the present configuration, an
OLED for emitting blue (B) light is formed in each of the
sub-pixels. In the B sub-pixel, the light emitted from the
present OLED is emitted from the display surface. On the
other hand, in the R sub-pixel and the G sub-pixel, the B light
emitted from the OLED is converted into the R light and the
G light, respectively, using color conversion layers.

SUMMARY OF THE INVENTION

The color filter absorbs a part of the transmitted light.
Therefore, the CF method has a problem that the utilization
efficiency of the light emitted by the OLED is decreased, and
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a problem that the life of the OLED is shortened if the drive
current is increased to increase the emission intensity of the
OLED.

The CCM method uses the OLED emitting the B light not
only for the B sub-pixel but also for other sub-pixels, and is
therefore easily affected by the property that the deterioration
ofthe OLED emitting the B light is generally faster compared
to the OLED emitting light with other colors. In other words,
there is a problem that the life of a display panel is shortened.
Further, there is a problem that the G, R sub-pixels are
affected by the conversion efficiency in the color conversion
layer, and are deceased in light emitting efficiency.

In contrast, the RGB separate coating method is favorable
in the point of the light emitting efficiency and the life com-
pared to the CF method and the CCM method. On the other
hand, the RGB separate coating method requires a high-
definition mask in accordance with the increase in resolution
of the organic EL display device. Therefore, there is a prob-
lem that the increase in resolution of the organic EL display
panel is limited by the shadow mask itself and the manufac-
turing process of the emissive layer using the shadow mask.
Further, the manufacturing process using the shadow mask is
required to prevent the accuracy of the mask from being
deteriorated, and to prevent the structure on the substrate from
being injured by the mask, and the technical difficulty exists
in handling the mask, which makes it difficult to grow in size
in particular of the display panel.

The present invention provides an organic EL display
device and a method of manufacturing the organic EL display
device making it achievable to increase in resolution of a
display panel with a relatively simple process.

(1) An organic EL display device according to the inven-
tion is an organic EL display device including a plurality of
types of organic electroluminescence elements each having
an organic material layer which includes an emissive layer
and is sandwiched between an anode and a cathode, and
emitting light with emission colors different from one
another, wherein the emissive layer of each of the organic
electroluminescence elements is a laminated body obtained
by stacking a plurality of specific color emissive layers pro-
vided corresponding to the emission colors, and an emission
function of the specific color emissive layer corresponding to
the emission color longer in wavelength than the emission
color of the organic electroluminescence element is lost due
to change of properties of a material in the specific color
emissive layer.

(2) In the organic EL display device according to (1), it is
possible to adopt a configuration in which the plurality of
types of organic electroluminescence elements have the
organic material layer deposited commonly to the organic
electroluminescence elements.

(3) Inthe organic EL display device according to one of (1)
and (2), it is possible to adopt a configuration in which the
shorter the wavelength of the emission color of the specific
color emissive layer is, the higher the glass-transition tem-
perature of a host material of the specific color emissive layer
is, and the change of properties of the material for making the
specific color emissive layer lose the emission function is
change of properties of the host material.

(4) A method of manufacturing an organic EL display
device according to the invention is a method of manufactur-
ing the organic EL display device according to (3), including
the steps of: forming the laminated body ofthe emissive layer
by sequentially stacking the specific color emissive layers
corresponding to the emission colors above a substrate; and
performing, after the step of forming, laser annealing on the
emissive layer in each of shorter-wavelength organic elec-
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troluminescence elements having emission colors that are
other than the emission color having the longest wavelength
so as to heat the emissive layer to a temperature lower than the
glass-transition temperature of the specific color emissive
layer having the emission color of the shorter-wavelength
organic electroluminescence element and higher than the
glass-transition temperature of the specific color emissive
layer having the emission color with the longest wavelength
after that of the emission color of the shorter-wavelength
organic electroluminescence element, thereby causing the
change of properties of the host material in the specific color
emissive layer having the emission color longer in wave-
length than the emission color of the shorter-wavelength
organic electroluminescence element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a display panel of an
organic EL display device as an embodiment of the invention.

FIG. 2 is a schematic vertical cross-sectional view of the
display panel at the position along the I1-I1 line shown in FIG.
1

FIG. 3 is a schematic vertical cross-sectional view of an
OLED along the III-IIT line shown in FIG. 2.

FIG. 4 is a schematic vertical cross-sectional view of the
OLED of an R pixel on which a laser annealing treatment has
been performed.

FIG. 5 is a schematic vertical cross-sectional view of the
OLED ofa G pixel on which the laser annealing treatment has
been performed.

FIG. 6 is a schematic vertical cross-sectional view of the
OLED of a B pixel on which the laser annealing treatment has
been performed.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the invention (hereinafter referred to as
an embodiment) will hereinafter be explained based on the
accompanying drawings.

FIG. 1 is a schematic plan view of a display panel 2 of an
organic EL display device as the embodiment of the inven-
tion. The display panel 2 according to the present embodi-
ment displays a color image, and pixels in the color image are
each composed of, for example, three types of sub-pixels for
emitting light corresponding to R, G, and B. In the following
explanation, theR, G, and B sub-pixels are expressed as R, G,
and B pixels in order to simplify the description.

In the present embodiment, there is explained an example
in which R pixels 47, G pixels 4g, and B pixels 45 are arranged
in adisplay area forming a stripe array. In the present arrange-
ment, the pixels of the same type (color) are arranged in the
vertical direction of the image, and the R, G, and B pixels are
arranged periodically in the horizontal direction. It should be
noted that in FIG. 1, the R pixels 47, the G pixels 4g, and the
B pixels 4b each schematically represent an effective light
emitting area, and the area between these pixels corresponds
to a bank.

FIG. 2 is a schematic vertical cross-sectional view of the
display panel 2 at the position along the II-II line shown in
FIG. 1. The display panel 2 has a structure having a TFT
substrate 10 and an opposed substrate 12 bonded to each other
with a filling material 14 sandwiched therebetween.

The TFT substrate 10 has a structure obtained by stacking
a circuit portion 22, an insulating film 24, an OLED portion
26, a sealing film 28, and so on on a glass substrate 20.

The circuit portion 22 is an electronic circuit for supplying
the OLED portion 26 with a current corresponding to a video
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signal to cause light emission. The circuit portion 22 is
formed of a circuit element such as wiring lines and TFTs, and
is formed on a surface of the glass substrate 20. For example,
power supply lines and pixel circuits are formed in the display
area. Further, outside the display area, there is formed a drive
circuit for driving the display area, or there is connected a
flexible board or the like connected to an external circuit.

The insulating film 24 is stacked on the surface of the glass
substrate 20 so as to cover the circuit portion 22 to electrically
insulate, for example, between the pixel circuits disposed
pixel by pixel and between alower electrode 30 and the circuit
portion 22. The insulating film 24 is formed of, for example,
silicon oxide (SiO,) or silicon nitride (SiN).

The OLED portion 26 is configured including the lower
electrode 30, an organic layer 32 (an organic material layer),
an upper electrode 34, and a bank 36.

The lower electrode 30, the upper electrode 34 and the
organic layer 32 sandwiched between these electrodes con-
stitute the OLED. The upper electrode 34 is a common elec-
trode commonly having contact with the organic layers 32 of
basically all of the pixels in the display area. Meanwhile, the
lower electrode 30 is formed separately for each of the pixels,
and is electrically connected to the circuit portion 22 via a
contact hole 38. In the present embodiment, the upper elec-
trode 34 forms a cathode of the OLED, and the lower elec-
trode 30 forms an anode. The upper electrode 34 and the
lower electrode 30 are formed using a transparent electrically
conductive material such as indium zinc oxide (IZO) or
indium tin oxide (ITO). The organic layer 32 is provided with
an emissive layer described later, and the emissive layer is
injected with holes and electrons in accordance with a voltage
applied to the both electrodes, and emits light due to recom-
bination of the holes and the electrons.

The bank 36 is formed on the boundary between the R, G,
and B pixels with the insulating layer, and electrically sepa-
rates between the lower electrodes 30.

The sealing film 28 is stacked on the OLED portion 26. To
deal with the deterioration of the characteristics of the OLED
due to moisture, the sealing film 28 has a moisture-proof
fanction for protecting the OLED from the moisture included
in the filling material 14. For example, SiN can be used as the
material of the sealing film 28.

The opposed substrate 12 is configured using a transparent
glass substrate. The TFT substrate 10 and the opposed sub-
strate 12 are disposed so as to be opposed to each other with
a gap. A dam material (a seal material) (not shown) is dis-
posed in the gap so as to surround the display area to seal the
gap in the display area. The gap inside the dam material is
filled with the filling material 14 (filler). The dam material and
the filling material 14 cure to bond the both substrates to each
other.

FIG. 3 is a schematic diagram showing a structure of the
OLED in the display panel 2, and shows a vertical cross-
sectional surface along the III-III line shown in FIG. 2.
Although FIG. 3 shows a vertical cross-sectional surface in
the G pixel, a common film continuous throughout entire
pixels in the display area is deposited in the organic layer 32
as described later, and therefore, the types and sequence of the
films stacked for forming the OLED are common to the R, G,
and B pixels.

The layers constituting the organic layer 32 are sequen-
tially stacked on the lower electrode 30. In the present
embodiment, the organic layer 32 is provided with an emis-
sive layer (EML) 50, a hole injection layer (HIL) 52, and an
electron transport layer (ETL) 54. The holeinjection layer 52,
the emissive layer 50, and the electron transport layer 54 are
sequentially stacked from the lower electrode 30 side. Then,
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the upper electrode 34 is stacked on the electron transport
layer 54. Further, the emissive layer 50 is a laminated body of
aplurality of specific color emissive layers disposed in accor-
dance with the emission colors of the R, G, and B pixels, and
there are sequentially stacked from the bottom, for example,
an R emissive layer (R-EML) 507 for emitting the R light,a G
emissive layer (G-EML) 50g for emitting the G light, and a B
emissive layer (B-EML) 505 for emitting the B light. Each of
the specific color emissive layers includes a host material and
a dopant material dispersed in the host material.

As already described, the R emissive layer 507, the G
emissive layer 50g, and the B emissive layer 505 as the
specific color emissive layers are deposited with the common
material to the R, G, and B pixels. It should be noted that due
to a treatment performed after the deposition, the specific
color emissive layer corresponding to the emission color
longer in wavelength than the emission color of the pixel is
changed in the properties of the host material to lose its
emission function. In the present embodiment, R has the
longest wavelength among R, G and B, and the OLEDs of the
G and B pixels are shorter-wavelength organic electrolumi-
nescence elements that have emission colors other than R.
The disabled emissive layer is provided in the shorter-wave-
length OLED. Specifically, the R emissive layer 50 loses the
emission functionin the G pixel, and the R emissive layer 507
and the G emissive layer 50g lose the emission function in the
B pixel.

In the emissive layer, the electrons and the holes as carriers
are transported by molecules of the host material, and then
recombined with each other. Due to the recombination
between the electrons and the holes, the molecules of the host
material become in an excited state, then the energy is trans-
ferred to dopant molecules, and then the dopant molecules
emit light. The specific color emissive layers having been
changed in the properties of the host material in the G pixel
and the B pixel are inhibited in such an emission mechanism,
and thus become unable, or difficult to emit light. It should be
noted that the specific color emissive layer having been
changed in the properties of the host material still has a
function of transmitting the carriers.

When the current is supplied to the emissive layer 50, the
dopant molecules having lower excitation energy level pref-
erentially emits light. In other words, among the plurality of
specific color emissive layers constituting the emissive layer
50, one longer in wavelength of the emission color preferen-
tially emits light. Therefore, in the emissive layer 50 of the R
pixel, although all of the R emissive layer 507, the G emissive
layer 50g, and the B emissive layer 505 have the emission
function, the emission of the R emissive layer 507 becomes
dominant, and thus, the R light is emitted from the R pixel. In
contrast, in the emissive layer 50 of the G pixel, since the R
emissive layer 507 has lost the emission function, emission of
the G emissive layer 50g becomes dominant among the G
emissive layer 50g and the B emissive layer 505 having the
emission function, and thus, the G light is emitted from the G
pixel. Further, in the emissive layer 50 ofthe B pixel, since the
R emissive layer 507 and the G emissive layer 50g have lost
the emission function, the B emissive layer 505 emits light,
and thus, the B light is emitted from the B pixel.

Here, the emissive layer is formed as an amorphous thin
film from the viewpoint of ensuring the stability of the ele-
ment operation. This is because if a crystalline thin film is
used as the emissive layer, the film quality is apt to be uneven
and nondense, and a probability of, for example, short circuit
increases. Therefore, the change of properties of the host
material in the emissive layer described above can be caused
by rise in temperature. When heating the emissive layer to a

10

20

25

40

45

60

65

6

temperature higher than the glass-transition temperature, the
crystallization of the host material becomes possible, and thus
the change of properties described above can be caused.

In the present embodiment, the host material ofeach ofthe
R emissive layer 50, the G emissive layer 50g, and the B
emissive layer 505 is selected so that the shorter the wave-
length of the emission color of the specific color emissive
layer is, the higher the glass-transition temperature of the
specific color emissive layer is. In other words, if a glass-
transition temperatures T, of the host materials of the R emis-
sive layer 50r, the G emissive layer 50g, and the B emissive
layer 504 are denoted with T, z, T, g, and T, _p, respectively,
the following formula is fulfilled.

Ter<Tg6<Iyp

M

Heating of the emissive layer 50 can locally be performed
using laser annealing. In other words, by using a laser beam,
the annealing treatment can be performed pixel by pixel.
Further, by scanning the display area with the laser beam, the
annealing treatment throughout the entire display area can be
achieved.

In the present embodiment, the laser annealing treatment is
performed on the G pixels and the B pixels. On this occasion,
an annealing temperature T, with respect to the G pixels is
controlled so as to satisfy the following formula using a
method of, for example, controlling the output energy of the
laser.

Ter<ls<Tee 2)

Further, the annealing temperature TA with respect to the B
pixels is controlled so as to satisfy the following formula.

Teo<Ts<Tgn

&)

Thus, in the G pixels, only the emission function of the R
emissive layer 50r among the three specific color emissive
layers constituting the emissive layer 50 is lost, and the emis-
sion function of the G emissive layer 50g is maintained, and
in the B pixels, the emission function ofthe R emissive layer
507 and the G emissive layer 50g is lost, and the emission
function of the B emissive layer 505 is maintained. Further, in
the R pixels where the laser annealing treatment is not per-
formed, neither of the specific coloremissive layers is altered,
and the emission function of the R emissive layer 507 is
maintained. FIGS. 4 through 6 are vertical cross-sectional
views ofthe OLED schematically showing the above process,
wherein F1G. 4 shows the OLED in the R pixels, FIG. 5 shows
the OLED in the G pixels, and FIG. 6 shows the OLED in the
B pixels, the specific color emissive layer having lost the
emission function due to the laser annealing treatment is
indicated by hatching with oblique lines, and the specific
color emissive layer emitting light due to the current supply is
indicated by hatching with a mesh.

It should be noted that the dopant material of each of the
specific color emissive layer changes its properties by being
heated, which can also make the specific color emissive layer
lose the emission function. Here, alteration temperatures of
the dopant materials of the R emissive layer 507, the G emis-
sive layer 50g, and the B emissive layer 505 are denoted with
T,z T, and T, 5, respectively. Taking the loss of the
emission function due to the dopant material into consider-
ation, the host material and the dopant material of each of the
specific color emissive layers are selected so as to satisfy the
following formula instead of Formula 1.

min{Ty g Tg.r}<min{T,.c, To.cl<min{T, 5, Tsp}

Q)
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Further, the annealing temperatures T, with respect to the
G pixels and the B pixels are controlled so as to satisfy
Formulas 5 and 6 below instead of Formulas 2 and 3, respec-
tively.

mm{Tg-Ra Td-R}<TA<min{Tg-Ga Ty} 8]

min{T, 6, T o} <Tymin{Tg g, Typ}

(6)
As described above, due to the configuration of the specific
color emissive layers and the laser annealing treatment, it
becomes possible to form the R, G, and B pixels with high
resolution. Further, since the method of forming the OLED
described above does not need to use the high-definition mask
for applying the emissive layer separately by the R, G, and B
pixels, it is possible to eliminate the defect factors caused by
the process such as a foreign matter or a damage in the
separate coating method described in the description of the
related art, and thus, the organic EL display panel can be
manufactured at a high yield ratio and a low cost.

The laser annealing treatment can be performed after form-
ing the OLED portion 26. In order to maintain the laminated
structure of the OLED having already been formed at the
moment of the annealing treatment, it is preferable to select
the materials of the respective layers so that the layers con-
stituting the OLED are not melted by the annealing treatment.

Hereinafter, the layers constituting the organic layer 32
according to the present embodiment will be explained.

The R emissive layer 50 is formed using TPD (N,N'-Bis
(3-methylphenyl)-N.N'-bis(phenyl)-benzidine) as the host
material, and DCM ((E)-2-(2-(4-(dimethylamino)styryl)-6-
methyl-4H-pyran-4-ylidene)malononitrile) as the dopant
material. Forexample, it is possible to set the film thickness to
20 nm, and the dopant concentration to 3%.

The G emissive layer 50g is formed using, for example,
ADN (9.10-Di(naphth-2-yDanthracene) as the host material,
and Coumarin 6 (3-(2-Benzothiazolyl)-7-(diethylamino)cou-
marin) as the dopant material. For example, it is possible to set
the film thickness to 20 nm, and the dopant concentration to
5%.

The B emissive layer 505 is formed using, for example,
TSBF (2,7-Bis(9,9-spirobifluoren-2-y1)-9,9-spirobifluorene)
as the host material, and Perylene as the dopant material. For
example, it is possible to set the film thickness to 20 nm, and
the dopant concentration to 5%.

Incidentally, the glass-transition temperatures of the host
materials of these specific color emissive layers ascend in the
order of TPD, ADN, and TSBF to satisfy the relationship of
“Ty x<Ty. <1, 5" inFormula 1 described above. It should be
noted that the materials of these specific color emissive layers
are illustrative only, and other materials satisfying Formula 1
or 4 can be adopted as the host materials and the dopant
materials. Further, the dopant materials are not limited to
fluorescent materials, but can also be phosphorescent mate-
rials. The deposited film thickness and the dopant concentra-
tion described above are also illustrative only, and can arbi-
trarily be changed.

The hole injection layer 52 can be formed using, for
example, (Poly(3,4-ethylenedioxythiophene)-poly(styrene-
sulfonate)) to have a film thickness of 60 nm. It should be
noted that the hole injection layer 52 can be formed of other
organic materials, and can be formed using, for example,
CuPc (Copper phthalocyanine) or HAT-CN6 (hexaazatirphe-
nylene hexacarbonitrile).

The electron transport layer 54 is formed of a film obtained
by co-evaporation of Alg3 (Tris(8-quinolinolato)aluminum)
and lithium (L), and the concentration of Li is set to 1 wt %,
and the film thickness is set to 30 nm.
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The display panel 2 having the structure described above is
manufactured by bonding the opposed substrate 12 to the TET
substrate 10 provided with the OLED and so on. The TFT
substrate 10 can be manufactured through such processes as
described below. The circuit portion 22 is formed on one
principal surface of the glass substrate 20 using a photolithog-
raphy process, and the insulating film 24 formed of SiO,, SiN,
or the like is deposited thereon using a chemical vapor depo-
sition (CVD) process or the like. After providing the contact
holes 38 to the insulating film 24, a conductive film is depos-
ited on the insulating film 24, then patterned using a photoli-
thography process to thereby form the lower electrodes 30.
The lower electrode 30 fills the contact hole 38, and is elec-
trically connected to the TFT constituting the circuit portion
22. For example, the lower electrode 30 is formed of ITO, and
can be deposited using a reactive sputtering process using an
Ar+O, mixed gas. It should be noted that in the case of
adopting a top emission system as the display panel 2, it is
possible to provide the lower electrode 30 with a double-
layered structure obtained by stacking a transparent conduc-
tive film on a reflecting layer formed of a material high in
optical reflectance. For example, the reflecting layer can be
formed of aluminum (Al) or silver (Ag).

After forming the lower electrodes 30, photosensitive
acrylic resin, for example, is applied on the lower electrodes
30, and then patterned using a photolithography process to
thereby form the bank 36 in the pixel boundaries. The lower
electrode 30 is exposed in the effective area of the pixel
surrounded by the bank 36.

The hole injection layer 52 is selectively stacked on the
lower electrode 30 using, for example, a coating method such
as an inkjet method.

Subsequently, the R emissive layers 507, the G emissive
layers 50g, the B emissive layers 505, and the electron trans-
port layers 54 are sequentially deposited by a mask vapor
deposition method using a shadow mask having openings
corresponding to the respective display areas. On this occa-
sion, the co-evaporation of the host material and the dopant
material is performed on each of the specific color emissive
layers. It should be noted that the deposition process using the
present evaporation can be performed using an evaporation
boat made of molybdenum (Mo) in an evaporation chamber
capable of setting the atmospheric pressure to be equal to or
lower than 1.0x10™* Pa.

The organic layer 32 is stacked in the process described
hereinabove, and 170, for example, is deposited thereon as
the upper electrode 34 by the reactive sputtering method
using the Ar+O, mixed gas. The film thickness can be set to,
for example, 100 nm. Further, SiN is deposited as the sealing
film 28 using a CVD method. The SiN film can be formed by
using SiH,, NH;, and N, as a mixed gas, and generating
plasma. For example, the SiN film thickness can be set to 500
wm. Further, it is preferable that the rise in temperature of the
substrate is as small as possible in the present deposition
process, and the present deposition process is performed at
the temperature, for example, equal to or lower than 50° C.

The TFT substrate 10 is manufactured in such a manner as
described above, and then the TFT substrate 10 and the
opposed substrate 12 are bonded to each other. For example,
the dam material is disposed on the TFT substrate 10 side so
as to surround the display area, then the filling material 14 is
dropped inside the dam material using a dispenser, and then,
the TFT substrate 10 and the opposed substrate 12 are bonded
to each other. The filling material 14 is formed of epoxy resin
or acrylic resin, and cures with heat or the like to bond the TFT
substrate 10 and the opposed substrate 12 to each other.
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The panel manufactured in such a manner as described
above is cut by a glass cutter or the like, and thus, the display
panel 2 on which the annealing treatment has not been per-
formed is completed.

The laser annealing treatment is performed on the display
panel 2. For example, in the display panel 2 according to the
present embodiment provided with the emissive layer 50
including the material described above, 100° C. can be
selected as the annealing temperature T , satisfying Formulas
2 and 5, and 150° C. can be selected as the annealing tem-
perature T , satisfying Formulas 3 and 6. Therefore, the light
emitting area of the G pixel is irradiated with an excimer laser
adjusted so that T, becomes 100° C., and the light emitting
area of the B pixel is irradiated with an excimer laser adjusted
so that T, becomes 150° C., respectively, for one minute, for
example. Here, the temperature adjustment can be performed
by adjusting the laser output or the duty cycle of the laser
pulse.

The chromatic variation before and after the laser irradia-
tion will be shown in the following table.

TABLE 1
AFTER
BEFORE LASER IRRADIATION LASER IRRADIATION
R PIXEL 0.58,0.39 —
G PIXEL 0.58,0.39 0.33,0.57
B PIXEL 0.58,0.39 0.14,0.18

This table shows the coordinate (x, y) on the x-y chroma-
ticity diagram of the emission color before the laser irradia-
tion, and the coordinate (X, y) on the x-y chromaticity diagram
of the emission color after the laser irradiation for each of the
R, G, and B pixels. Orangey red emission represented by the
coordinate values of (0.58, 0.39) can be obtained before the
laser irradiation in either of the R, G, and B pixels. In contrast,
after the laser irradiation, the G pixel emits yellowish green
light represented by the coordinate values of (0.33, 0.57), and
the B pixel emits blue (indigo blue) light represented by the
coordinate values of (0.14, 0.18). It should be noted that also
after the laser annealing treatment of the G pixel and the B
pixel, the R pixel emits light with the same color as before that
process. As described above, by performing the laser anneal-
ing treatment, the change in emission color in the emissive
layer 50 can be caused, and thus, there can be obtained the
display panel 2 for performing the color display using the
emission of the R, G, and B pixels different in color from one
another.

The invention is not limited to the embodiment described
above, but can variously be modified within the scope or the
spirit of the invention.

For example, the organic layer 32 can also be provided with
a hole transport layer disposed between the hole injection
layer 52 and the emissive layer 50, or can also be provided
with an electron injection layer disposed between the electron
transport layer 54 and the upper electrode 34 (the cathode).
Further, there is no problem if a carrier block layer or the like
is provided. Further, between the electron transport layer 54
and the cathode, there is no problem if a layer using Liq
((8-hydroxyquinolinolato)-lithium), LiO,, or LiF besides Li
is formed, or Lig mixed deposition with the electron transport
material is formed.

Further, each of the layers of the organic layer 32 can be
formed using methods other than those described above, and
a coating method such as a spin coat method or the inkjet
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method, or the deposition method such as organic deposition,
sputtering, or chemical vapor deposition (CVD) method can
arbitrarily be selected.

In the laser annealing treatment, there is no problem if a
laser other than the excimer laser such as a YAG laser is used.

The invention can be applied not only to the display panel
2 of the top-emission type, but also to a display panel of a
bottom emission type. In either of the types, the electrode
located on the opposite side to the display screen among the
cathode and the anode of the OLED can be formed of a
material such as Al or Mg—Ag without using the transparent
conductive material.

It should be noted that although in the embodiment
described above, the laserirradiation is performed after bond-
ing the TFT substrate 10 and the opposed substrate 12 to each
other, the laser irradiation can also be performed before the
bonding. In particular, the annealing treatment using the laser
irradiation can also be performed in the halfway stage of
stacking of the emissive layer 50. Specifically, the laser irra-
diation is performed on both of the G pixel and the B pixel to
perform the annealing at the temperature higher than T,  or
min{T, 5, T, z} in the stage of stacking the R emissive layer
507 on the lower electrode 30 as the emissive layer 50, and
then the G emissive layer 50g is stacked, and the laser irra-
diation is performed only on the B pixel to perform the
annealing at the temperature higher than T, ; or min{T,_,
T, s}, and then the B emissive layer 505 is stacked, and thus,
the emissive layer 50 for emitting the light with the color
different between the R, G, and B pixels can be completed. On
this occasion, the magnitude relation between the glass-tran-
sition temperatures of the respective specific color emissive
layers becomes basically arbitrary, and the flexibility of the
stacking sequence of the specific color emissive layers
increases accordingly. Further, in the case in which T, or
min{T, 5, T} is higher than T,  or min{T, ., T, z}. by
performing the laser irradiation only on the G pixel and omit-
ting the laser irradiation on the B pixel in the stage in which
the R emissive layer 507 has been stacked, and then perform-
ing the laser irradiation on the B pixel in the stage in which the
G emissive layer 50g has been stacked to perform the anneal-
ing at the temperature higher than T, or min{T, 5, T}, it
is possible to make the R emissive layer 507 lose the emission
function together with the G emissive layer 50g.

In the embodiment described above, by depositing the
specific color emissive layers commonly to all of the pixels in
the display area, the high-definition shadow mask can be
made unnecessary. In contrast, in the structure of forming the
emissive layer 50 having the specific color emissive layers
stacked pixel by pixel, it is also possible to make the specific
color emissive layer selectively lose the emission function
pixel by pixel using the laser annealing described above to
form a plurality of types of pixels different in emission color
from one another.

As described hereinabove in the description of the embodi-
ment, according to the invention, the increase in resolution of
the display panel becomes achievable using a relatively
simple process in the organic EL display device.

While there have been described what are at present con-
sidered to be certain embodiments of the invention, it will be
understood that various modifications may be made thereto,
and it is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the
invention.
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What is claimed is:

1. An organic EL display device comprising:

a plurality of organic electroluminescence elements each
having an organic material layer which includes an
emissive layer and is sandwiched between an anode and
a cathode, and emitting light with emission colors dif-
ferent from one another,

wherein the emissive layer of each of the organic electrolu-
minescence elements is a laminated body obtained by
stacking a plurality of specific color emissive layers
provided corresponding to the emission colors, and

aspecies of the plurality of specific coloremissive layers of
the laminated body and a stacking sequence of the plu-
rality of specific color emissive layers of the laminated
body is substantially the same in each organic electrolu-
minescence elements.

2. The organic EL display device according to claim 1,

wherein the plurality of organic electroluminescence ele-
ments have the organic material layer deposited com-
monly to the organic electroluminescence elements.

3. The organic EL display device according to claim 1,

wherein the shorter the wavelength of the emission color of
the specific color emissive layer is, the higher the glass-
transition temperature of a host material of the specific
color emissive layer is, and

the change of properties of the material for making the
specific color emissive layer lose the emission function
is change of properties of the host material.

4. A method of manufacturing an organic EL display

device,

the organic EL device comprising:

a plurality of organic electroluminescence elements each
having an organic material layer which includes an
emissive layer and is sandwiched between an anode and
a cathode, and emitting light with emission colors dif-
ferent from one another,

wherein the emissive layer of each of the organic electrolu-
minescence elements is a laminated body obtained by
stacking a plurality of specific color emissive layers
provided corresponding to the emission colors,

and the method of manufacturing the organic EL display
device comprising the steps of:

forming the laminated body of the emissive layer by
sequentially stacking the specific color emissive layers
corresponding to the emission colors above a substrate;

performing, after the step of forming, laser annealing on
the emissive layer in each of shorter-wavelength organic
electroluminescence elements having emission colors

20

25

30

40

45

12

that are other than the emission color having the longest
wavelength so as to heat the emissive layer to a tempera-
ture lower than a glass-transition temperature of the
specific color emissive layer having the emission color
of the shorter-wavelength organic electroluminescence
element and higher than the glass-transition temperature
of the specific color emissive layer having the emission
color with the longest wavelength after that of the emis-
sion color of the shorter-wavelength organic electrolu-
minescence element, thereby causing a change of prop-
erties of a host material in the specific color emissive
layer having the emission color longer in wavelength
than the emission color of the shorter-wavelength
organic electroluminescence element, and

wherein the shorter the wavelength of the emission color of
the specific color emissive layer, the higher the glass-
transition temperature of the host material of the specific
color emissive layer, and

a change of properties of a material for making the specific
color emissive layer lose an emission function is the
change of properties of the host material.

5. An organic EL display device comprising:

a plurality of organic electroluminescence elements each
having an organic material layer which includes an
emissive layer and is sandwiched between an anode and
a cathode, and emitting light with emission colors dif-
ferent from one another,

wherein the emissive layer of each of the organic electrolu-
minescence elements is a laminated body obtained by
stacking a plurality of specific color emissive layers
provided corresponding to the emission colors, and

a thickness of the laminated body which is sandwiched
between an anode and a cathode is substantially equal in
each organic electroluminescence elements.

6. The organic EL display device according to claim 5,

wherein each of the plurality of organic electrolumines-
cence elements has the organic material layer deposited
commonly to the organic electroluminescence elements.

7. The organic EL display device according to claim 5,

wherein the shorter the wavelength of the emission color of
the specific color emissive layer, the higher the glass-
transition temperature of a host material of the specific
color emissive layer, and

a change of properties of the material for making the spe-
cific color emissive layer lose an emission function is a
change of properties of the host material.
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