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ORGANIC EL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of and claims the
benefit of priority under 35 U.S.C. §120 from U.S. Ser. No.
12/250,134 filed Oct. 13, 2008, and claims the benefit of
priority under 35 U.S.C. §119 from Japanese Patent Applica-
tion No. 2007-279247 filed Oct. 26, 2007, the entire contents
of each of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescence (EL) display technology.

[0004] 2. Description of the Related Art

[0005] There has been a rapidly increasing demand for
flat-panel display devices, which are represented by liquid
crystal display devices, by virtue of their features of smaller
thickness, lighter weight and lower power consumption, com-
pared to CRT displays. The flat-panel display devices have
been applied to various displays of portable information ter-
minal devices, large-size televisions, etc. In recent years,
display devices using organic electroluminescence (EL) ele-
ments have vigorously been developed, by virtue of their
features of self-emission, a higher response speed, a wider
viewing angle, a higher contrast, still smaller thickness and
lighter weight, compared to the liquid crystal display devices.

[0006] Inthe organic EL element, holes are injected from a
hole injection electrode (anode), electrons are injected from
an electron injection electrode (cathode), and the holes and
electrons are recombined in a light emitting layer, thereby
producing light. In order to obtain full-color display, it is
necessary to form pixels which emit red (R) light, green (G)
light and blue (B) light, respectively. It is necessary to selec-
tively apply light-emitting materials, which emit lights with
different light emission spectra, such as red, green and blue, to
light-emitting layers of organic EL elements which constitute
the red, green and blue pixels.

[0007] As a method for selectively applying such light-
emitting materials, there is known a method, as disclosed in
Jpn. Pat. Appln. KOKAI Publication No. 2003-157973,
wherein in the case of using low-molecular-weight organic
EL materials of which films are formed by a vacuum evapo-
ration method, mask evaporation is performed independently
for respective color pixels by using a metallic fine mask
having openings in association with the respective color pix-
els.

[0008] In the mask evaporation method using the metallic
fine mask, however, a sufficient precision cannot be obtained
when a high fineness (resolution) is required for the display
device and pixels become finer. As a result, a so-called color
mixture defect, by which light-emitting materials of respec-
tive colors are mixed, occurs frequently, and normal display
cannot be obtained. The reason is, in part, that in the case of
the metallic mask, unlike a photomask which is used in so-
called photolithography, the size and position of an opening
are greatly varied due to low initial processing precision as
well as thermal expansion or strain by radiation heat of an
evaporation source.
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[0009] In addition, the precision of the mask evaporation
using the metallic mask becomes lower as the size of the mask
increases, and an increase in size of the display device is
limited.

BRIEF SUMMARY OF THE INVENTION

[0010] The object of the present invention is to provide an
organic EL display device which can display a multi-color
image with high fineness, and a method of manufacturing the
organic EL display device.

[0011] According to a first aspect of the present invention,
there is provided an organic EL display device comprising: a
first organic EL element which emits light of a first color and
a second organic EL element which emits light of a second
color that differs from the first color, the first organic EL
element and the second organic EL element being arranged
on a substrate, wherein each of the first organic EL. element
and the second organic EL element includes a first electrode,
a second electrode which is opposed to the first electrode, and
an organic layer which is interposed between the first elec-
trode and the second electrode, the organic layer of the first
organic EL. element and the organic layer of the second
organic EL element are formed of an identical material, and a
light emission function of the first color is substantially lost in
the organic layer of the second organic EL element.

[0012] According to a second aspect of the present inven-
tion, there is provided a method of manufacturing an organic
EL display device including a first organic EL element which
emits light of a first color and a second organic EL element
which emits light of a second color that differs from the first
color, the first organic EL element and the second organic EL.
element being arranged on a substrate, wherein each of the
first organic EL. element and the second organic EL element
includes afirst electrode, a second electrode which is opposed
to the first electrode, and an organic layer which is interposed
between the first electrode and the second electrode, a step of
forming the organic layer comprising: a step of forming a
mixture layer, in which a host material, a first light-emitting
material with a light emission function of the first color and a
second light-emitting material with a light emission function
of the second color are mixed, in a region where the first
organic EL element and the second organic EL element are
formed; and a step of covering a region, where the first
organic EL element is formed, with a mask, and irradiating a
region, where the second organic EL element is formed, with
electromagnetic waves which are capable of losing the light
emission function of the first light-emitting material.

[0013] The present invention can provide an organic EL
display device which can display a multi-color image with
high fineness, without using a metallic fine mask for pattern-
ing and forming an organic layer in a manufacturing process
of the organic EL display device, and a method of manufac-
turing the organic EL display device.

[0014] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING
[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
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embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0016] FIG.11is aplan view which schematically shows an
organic EL display device according to an embodiment of the
present invention;

[0017] FIG.2isacross-sectional view which schematically
shows an example of the structure that is adoptable in the
display device shown in FIG. 1;

[0018] FIG. 3is across-sectional view which schematically
shows an example of the structure that is adoptable in an
organic EL element included in the display device shown in
FIG. 2;

[0019] FIG. 4 is a plan view schematically showing an
example of arrangement of pixels, which is adoptable in the
display device shown in FIG. 2;

[0020] FIG. 5 is a graph showing a light absorption spec-
trum of a light-emitting material which is adopted in the
display device shown in FIG. 2;

[0021] FIG. 6 schematically shows an example of a process
flow of the organic EL element shown in FIG. 3;

[0022] FIG. 7A illustrates the outline of a co-evaporation
step using point-source-type evaporation sources;

[0023] FIG. 7B illustrates the outline of a co-evaporation
step using a line-source-type evaporation source;

[0024] FIG. 7C is a view for explaining a density distribu-
tion of each light-emitting material in an organic layer in the
case of using the line-source-type evaporation source;

[0025] FIG. 8 schematically illustrates an electromagnetic
wave radiation step;

[0026] FIG.9 schematically illustrates another electromag-
netic wave radiation step;

[0027] FIG. 10 shows one principle for controlling the
emission light colors of pixels in the present invention;

[0028] FIG. 11 is a cross-sectional view which schemati-
cally shows another example of the structure that is adoptable
in the organic ELL element included in the display device
shown in FIG. 2;

[0029] FIG. 12 is a cross-sectional view which schemati-
cally shows still another example of the structure that is
adoptable in the organic EL element included in the display
device shown in FIG. 2;

[0030] FIG. 13 is a cross-sectional view which schemati-
cally shows still another example of the structure that is
adoptable in the organic EL element included in the display
device shown in FIG. 2;

[0031] FIG. 14 is a cross-sectional view which schemati-
cally shows still another example of the structure that is
adoptable in the organic EL element included in the display
device shown in FIG. 2;

[0032] FIG. 15 is a cross-sectional view which schemati-
cally shows still another example of the structure that is
adoptable in the organic EL element included in the display
device shown in FIG. 2;

[0033] FIG. 16 is a cross-sectional view which schemati-
cally shows still another example of the structure that is
adoptable in the organic EL element included in the display
device shown in FIG. 2; and
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[0034] FIG. 17 is a cross-sectional view which schemati-
cally shows still another example of the structure that is
adoptable in the organic EL element included in the display
device shown in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings. In the drawings, structural elements having the same or
similar functions are denoted by like reference numerals, and
an overlapping description is omitted.

[0036] FIG.1 is aplan view which schematically shows an
organic EL display device according to an embodiment of the
present invention. FIG. 2 is a cross-sectional view which
schematically shows an example of the structure that is adopt-
able in the display device shown in FIG. 1. FIG. 3 is a cross-
sectional view which schematically shows an example of the
structure that is adoptable in an organic EL element included
in the display device shown in FIG. 2. FIG. 4 is a plan view
schematically showing an example of arrangement of pixels,
which is adoptable in the display device shown in FIG. 2.
[0037] Thedisplay device shown in FIG. 1 and FIG. 2 is an
organic EL display device of a top emission type, which
adopts an active matrix driving method. This display device
includes a display panel DP, a video signal line driver XDR
and a scanning signal line driver YDR.

[0038] The display panel DP includes an insulative sub-
strate SUB such as a glass substrate. An undercoat layer (not
shown) is formed on the substrate SUB. The undercoat layer
is formed by stacking an SiN, layer and an SiO, layer, in the
named order, on the substrate SUB. A semiconductor pattern,
which is formed of, e.g. polysilicon containing impurities, is
formed on the undercoat layer.

[0039] A part of the semiconductor pattern is used as a
semiconductor layer SC. Impurity diffusion regions, which
are used as a source and a drain, are formed in the semicon-
ductor layer SC. Another part of the semiconductor pattern is
used as a lower electrode of a capacitor C (to be described
later). The lower electrode is disposed in association with
each of pixels PX1 to PX3 (to be described later).

[0040] The pixels PX1 to PX3 are arranged in an X direc-
tion in the named order, and constitute a triplet. In a display
region, such triplets are arranged in the X direction and Y
direction. Specifically, in the display region, a pixel string in
which pixels PX1 are arranged in the Y direction, a pixel
string in which pixels PX2 are arranged in the Y direction and
a pixel string in which pixels PX3 are arranged in the Y
direction are arranged in the X direction in the named order,
and these three pixel strings are repeatedly arranged in the X
direction.

[0041] The semiconductor pattern is coated with a gate
insulation film G1. The gate insulation film GI can be formed
by using, e.g. TEOS (tetraethyl orthosilicate). Scanning sig-
nal lines SL1 and SL.2 are formed on the gate insulation film
GI. The scanning signal lines SL.1 and SL.2 extend in the X
direction and are alternately disposed in the Y direction. The
scanning signal lines SL.1 and SL.2 are formed of, e.g. MoW.
[0042] An upper electrode of the capacitor C is further
disposed on the gate insulation film GI. The upper electrode is
disposed in association with each of the pixels PX1 to PX3,
and is opposed to the lower electrode. The upper electrode is
formed of, e.g. MoW, and can be formed in the same fabri-
cation step as the scanning signal lines SL.1 and SL.2.
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[0043] The scanning signal lines SL1 and SL2 cross the
semiconductor layer SC. An intersection part between the
scanning signal line SL.1 and the semiconductor layer SC
constitutes a switching transistor SWa. An intersection part
between the scanning signal line SL.2 and the semiconductor
layer SC constitutes switching transistors SWa and SWe. In
addition, the lower electrode, the upper electrode and the gate
insulation film GI, which is interposed therebetween, consti-
tute the capacitor C. The upper electrode includes an exten-
sion part which crosses the semiconductor layer SC, and an
intersection part between the extension part and the semicon-
ductor layer SC constitutes a driving transistor DR.

[0044] In this example, the driving transistor DR and
switching transistors SWa to SWc are top-gate-type p-chan-
nel thin-film transistors. In addition, a part, which is desig-
nated by a reference character G in FIG. 2, is a gate of the
switching transistor SWa.

[0045] The gate insulation film GI, scanning signal lines
SL1 and SL2 and the upper electrode are coated with an
interlayer insulation film II. The interlayer insulation film Il is
formed by using SiO, which is deposited by, e.g. plasma CVD
(chemical vapor deposition).

[0046] Video signal lines DL and power supply lines PSL
are formed on the interlayer insulation film II. The video
signal lines DL extend in the Y direction and are arranged in
the X direction. The power supply lines PSL extend, for
example, in the Y direction, and are arranged in the X direc-
tion. Source electrodes SE and drain electrodes DE are
formed on the interlayer insulation film II. The source elec-
trodes SE and drain electrodes DE connect elements in the
pixels PX1 to PX3. In addition, the source electrode SE and
drain electrode DE are connected to impurity diffusion
regions, which are provided in the semiconductor layer SC,
via contact holes which are made in the interlayer insulation
film II.

[0047] The video signal line DL, power supply line PSL,
source electrode SE and drain electrode DE have, for
example, a three-layer structure of Mo/Al/Mo. These ele-
ments can be formed by the same process. The video signal
line DL, power supply line PSL, source electrode SE and
drain electrode DE are coated with a passivation film PS. The
passivation film PS is formed by using, e.g. SiN,.

[0048] Pixel electrodes (corresponding to, for example,
first electrodes) PE are disposed on the passivation film PS in
association with the pixels PX1 to PX3. Each pixel electrode
PE is connected to the drain electrode DE via a contact hole
which is provided in the passivation film PS. The drain elec-
trode DE is connected to the drain of the switching transistor
SWa. In this example, the pixel electrode PE is an anode. As
a material of the pixel electrode PE, use can be made of a
light-transmissive electrically conductive material such as
ITO (indium tin oxide).

[0049] A partition insulation layers PI is also formed on the
passivation film PS. Through-holes are provided at those
positions in the partition insulation layer PI, which corre-
spond to the pixel electrodes PE, or slits are provided at those
positions in the partition insulation layer PI, which corre-
spond to the pixel electrodes PE. It is assumed, for example,
that through-holes are provided at those positions in the par-
tition insulation layer PI, which correspond to the pixel elec-
trodes PE. The partition insulation layer P1 is, for instance, an
organic insulation layer. The partition insulation layer PI can
be formed by using, for example, a photolithography tech-
nique.
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[0050] An organiclayer ORG is formed on each pixel elec-
trode PE. As shown in FIG. 2, the organic layer ORG is
typically a continuous film spreading over the display region
including all pixels PX1 to PX3. In short, the organic layer
ORG covers the pixel electrodes PE and partition insulation
layer PI.

[0051] The partition insulation layer PI and organic layer
ORG are coated with a counter-electrode (corresponding to,
for example, a second electrode) CE. In this example, the
counter-electrode CE is a cathode and is a common electrode
which is shared by the pixels PX1 to PX3. The counter-
electrode CE is electrically connected to an electrode wiring
(not shown) which is formed in the same layer as the video
signal line DL, for example, via a contact hole which is made
in the passivation film PS and partition insulation layer PI.

[0052] The pixel electrode PE, organic layer ORG and
counter-electrode CE constitute an organic EL element
OLED which is disposed in association with the pixel elec-
trode PE. In FIG. 4, reference numerals EA1 to EA3 denote
light-emission parts of the organic EL elements OLED which
are included in the pixels PX1 to PX3. Each of the light-
emission parts EA1 to EA3 is a right-angled tetragonal shape
which is elongated in the Y direction. In the structure shown
in FIG. 4, the areas of the light-emission parts EA1 to EA3 are
substantially equal.

[0053] Each of the pixels PX1 to PX3, as shown in FIG. 1,
includes the driving transistor DR, switching transistors SWa
to SWc, organic EL element OLED and capacitor C. As has
been described above, in this example, the driving transistor
DR and switching transistors SWa to SWc are p-channel
thin-film transistors.

[0054] The driving transistor DR, switching transistor SWa
and organic EL element OLED are connected in series in the
named order between a first power supply terminal ND1 and
a second power supply terminal ND2. In this example, the
power supply terminal ND1 is a high-potential power supply
terminal, and the power supply terminal ND2 is a low-poten-
tial power supply terminal.

[0055] The gate of the switching transistor SWa is con-
nected to the scanning signal line SL1. The switching tran-
sistor SWb is connected between the video signal line DL and
the drain of the driving transistor DR, and the gate of the
switching transistor SWb is connected to the scanning signal
line SL.2. The switching transistor SWc is connected between
the drain and gate of the driving transistor DR, and the gate of
the switching transistor SWc is connected to the scanning
signal line SL2. The capacitor C is connected between the
gate of the driving transistor DR and a constant potential
terminal ND1'". In this example, the constant potential termi-
nal ND1' is connected to the power supply terminal ND1.

[0056] The video signal line driver XDR and scanning sig-
nal line driver YDR are disposed on the substrate SUB. Spe-
cifically, the video signal line driver XDR and scanning signal
line driver YDR are implemented by COG (chip on glass).
The video signal line driver XDR and scanning signal line
driver YDR may be implemented by TCP (tape carrier pack-
age), instead of COG. Alternatively, the video signal line
driver XDR and scanning signal line driver YDR may be
directly formed on the substrate SUB.

[0057] Thevideo signal lines DL are connected to the video
signal line driver XDR. In this example, the power supply line
PSL is further connected to the video signal line driver XDR.
The video signal line driver XDR outputs current signals as
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video signals to the video signal lines DL, and supplies a
power supply voltage to the power supply line PSL.

[0058] The scanning signal lines SL.1 and SL.2 are con-
nected to the scanning signal line driver YDR. The scanning
signal line driver YDR outputs voltage signals as first and
second scanning signals to the scanning signal lines SL.1 and
SL2.

[0059] When animage is to be displayed on this organic EL
display device, for example, the scanning signal lines SL.2 are
successively scanned. Specifically, the pixels PX1 to PX3 are
selected on a row-by-row basis. In a selection period in which
a certain row is selected, a write operation is executed in the
pixels PX1 to PX3 included in this row. In a non-selection
period in which this row is not selected, a display operation is
executed in the pixels PX1 to PX3 included in this row.
[0060] Inthe selection period in which the pixels of PX1 to
PX3 of a certain row are selected, the scanning signal line
driver YDR outputs, as voltage signals, scanning signals for
opening (rendering non-conductive) the switching transistors
SWa to the scanning signal line SL.1 to which the pixels PX1
to PX3 are connected. Then, the scanning signal line driver
YDR outputs, as voltage signals, scanning signals for closing
(rendering conductive) the switching transistors SWb and
SWec to the scanning signal line SL.2 to which the pixels PX1
to PX3 are connected. In this state, the video signal line driver
XDR outputs, as current signals (write current) 1., video
signals to the video signal lines DL, and sets a gate-source
voltage V, of the driving transistor DR at a magnitude cor-
responding to the video signal I,,. Subsequently, the scan-
ning signal line driver YDR outputs, as voltage signals, scan-
ning signals for opening the switching transistors SWb and
SWec to the scanning signal line SL.2 to which the pixels PX1
to PX3 are connected, and then outputs, as voltage signals,
scanning signals for closing the switching transistors SWa to
the scanning signal line SL1 to which the pixels PX1 to PX3
are connected. Thus, the selection period ends.

[0061] In the non-selection period following the selection
period, the switching transistors SWa are kept closed, and the
switching transistors SWb and SWc are kept opened. In the
non-selection period, a driving current I, , which corre-
sponds in magnitude to the gate-source voltage V,; of the
driving transistor DR, flows in the organic EL element OLED.
The organic EL element OLED emits light with a luminance
corresponding to the magnitude of the driving current I ;.. In
this case, 1,,~I,,, and emission light corresponding to the
current signal (write current) I, can be obtained in each
pixel.

[0062] The above-described example adopts the structure
in which the current signal is written as the video signal in the
pixel circuit. Alternatively, a structure in which a voltage
signal is written as the video signal in the pixel circuit may be
adopted. The invention is not particularly restricted to the
above-described example. In the present embodiment, use is
made of p-channel thin-film transistors. Alternatively,
n-channel thin-film transistors may be used, with the spirit of
the invention being unchanged.

[0063] The sealing of the organic EL element OLED is
effected by boding a sealing glass substrate SUB2, to which a
desiccant is attached, by means of a sealant which is applied
to the periphery of the display region.

[0064] Some examples of the present invention will now be
described below.

Sig

EXAMPLE 1

[0065] InExample1,a3.0-type WVGA organic EL display
was fabricated. The pixel size is 82.5 umx27.5 um, and the
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number of pixels is 800x3x480. This pixel size is the pixel
size of each of the pixel PX1, pixel PX2 and pixel PX3, and in
this example all the pixels have the same size. In addition, in
this example, the thickness of ITO of the pixel electrode PE is
50 nm.

[0066] InExample 1, as shown in FIG. 3, the organic layer
ORG was formed as a single mixture layer including at least
three kinds of light-emitting materials with different emission
light colors. Specifically, in the example shown in FIG. 3, the
organic layer ORG includes a host material HM, a first light-
emitting material EM1, a second light-emitting material EM?2
and a third light-emitting material EM3. The organic layer
ORG with this structure was formed as a continuous film
spreading over the display region including all pixels PX1 to
PX3.

[0067]
instance,
(BPVBI).

[0068] The first light-emitting material EM1 is formed of a
luminescent organic compound or composition having a cen-
tral light emission wavelength in red wavelengths. As the first
light-emitting material (dopant material) EM1, use was made
of, for instance, 4-(Dicyanomethylene)-2-methyl-6-(juloli-
din-4-yl-vinyl)-4H-pyran (DCM2).

[0069] The second light-emitting material EM2 is formed
of'a luminescent organic compound or composition having a
central light emission wavelength in green wavelengths. As
the second light-emitting material (dopant material) EM2,
use was made of, for instance, tris(8-hydroxyquinolato)alu-
minum (Algs).

[0070] The third light-emitting material EM3 is formed of
a luminescent organic compound or composition having a
central light emission wavelength in blue wavelengths. As the
third light-emitting material (dopant material) EM3, use was
made of, for instance, bis[(4,6-difluorophenyl)-pyridinato-N,
C2'](picorinate)iridium(IIT) (FIrpic).

[0071] FIG. 5 shows the light absorption spectra of the first
light-emitting material EM1, the second light-emitting mate-
rial EM2 and the third light-emitting material EM3, which
were used in this example. Specifically, the first light-emitting
material EM1 has a light absorption spectrum which is indi-
cated by (a) in FIG. 5, and has a peak of normalized absor-
bance in the vicinity of the wavelength of 500 nm. The second
light-emitting material EM2 has a light absorption spectrum
which is indicated by (b) in FIG. 5, and has a peak of normal-
ized absorbance in the vicinity of the wavelength of 400 nm.
The third light-emitting material EM3 has a light absorption
spectrum which is indicated by (c) in FIG. 5, and has a peak
of'normalized absorbance in the vicinity of the wavelength of
250 nm.

[0072] In the wavelengths above 500 nm, the normalized
absorbance of each of the second light-emitting material EM2
and third light-emitting material EM3 is less than 10%. In the
wavelengths above 400 nm, the normalized absorbance of the
third light-emitting material EM3 is less than 10%.

[0073] In Example 1, as described above, the pixel PX1,
pixel PX2 and pixel PX3 have the organic layer ORG of the
same structure, but the pixel PX1, pixel PX2 and pixel PX3
are configured to have different emission light colors. In this
example, the organic EL element OLED included in the pixel
PX1 emits red light, the organic EL element OLED included
in the pixel PX2 emits green light, and the organic EL element
OLED included in the pixel PX3 emits blue light.

As the host material HM, use was made of, for
4,4'-bis(2,2'-diphenyl-ethen-1-yl)-diphenyl
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[0074] In general, the color of light in the range of wave-
lengths of 400 nm to 435 nm is defined as purple; the color of
light in the range of wavelengths of 435 nm to 480 nm is
defined as blue; the color of light in the range of wavelengths
of 480 nm to 490 nm is defined as greenish blue; the color of
light in the range of wavelengths of 490 nm to 500 nm is
defined as bluish green; the color of light in the range of
wavelengths of 500 nm to 560 nm is defined as green; the
color of light in the range of wavelengths of 560 nm to 580 nm
is defined as yellowish green; the color of light in the range of
wavelengths of 580 nm to 595 nm is defined as yellow; the
color of light in the range of wavelengths of 595 nmto 610 nm
is defined as orange; the color of light in the range of wave-
lengths of 610 nm to 750 nm is defined as red; and the color
of light in the range of wavelengths of 750 nm to 800 nm is
defined as purplish red. In this example, the color of light with
a major wavelength in the range of wavelengths of 400 nm to
490 nm is defined as blue; the color of light with a major
wavelength, which is greater than 490 nm and less than 595
nm, is defined as green; and the color of light with a major
wavelength in the range of wavelengths of 595 nm to 800 nm
is defined as red.

[0075] A description will now be given of an example of a
manufacturing method of the organic EL display device hav-
ing the above-described structure. FIG. 6 shows a process
flow of the manufacturing method.

[0076] To start with, an array substrate, which has such a
structure that the counter-electrode CE and organic layer
ORG are removed from the above-described display panel
DP, is prepared in an array step.

[0077] Then, an organic layer ORG is formed on the pixel
electrode PE by a vacuum evaporation method. Examples of
the evaporation method for forming the organic layer ORG
include a method using an evaporation device to which point-
source-type evaporation sources, as shown in FIG. 7A, are
applied, and a method using an evaporation device to which a
line-source-type evaporation source, as shown in FIG. 7B, is
applied.

[0078] Specifically, in the evaporation device shown in
FIG. 7A, point-source-type evaporation sources S are dis-
posed in a chamber. The evaporation source S is configured to
disperse a material source by heating a crucible by, e.g. a
resistive heating method. Each evaporation source S includes
a first evaporation source RS including a material source of
the first light-emitting material EM1, a second evaporation
source GS including a material source of the second light-
emitting material EM2, a third evaporation source BS includ-
ing a material source of the third light-emitting material EM3,
and a fourth evaporation source HS including a material
source of the host material HM. In the example shown in FIG.
7 A, the evaporation sources S with this structure are fixed and
disposed at four positions in the device.

[0079] On the other hand, the substrate SUB is held by a
holding mechanism (not shown) such that its major surface,
on which the pixel electrodes PE are formed, faces the four
evaporation sources S. Not a fine mask in which openings are
formed in association with individual pixels, but a rough
mask, in which an opening corresponding to the display
region is formed, is interposed between the substrate SUB
and the evaporation sources S.

[0080] While the substrate SUB is being rotated by the
holding mechanism, the evaporation sources S are heated and
the respective material sources are dispersed. Thereby, the
first light-emitting material EM1, second light-emitting
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material EM2, third light-emitting material EM3 and host
material HM are co-evaporated. The organic layer ORG,
which is thus formed, is a continuous film spreading over the
display region.

[0081] Since the thus formed organic layer ORG is formed
with no movement of the evaporation sources S, the density
distribution of each of the first light-emitting material EM1,
second light-emitting material EM2 and third light-emitting
material EM3 is substantially uniform in the thickness direc-
tion of the organic layer ORG. In other words, in the case
where the point-source-type evaporation sources are used, the
organic layer ORG, which has the feature that each light-
emitting material has a uniform density distribution in the
film thickness direction from the pixel electrode PE toward
the counter-electrode CE, is formed.

[0082] On the other hand, in the evaporation device shown
in FIG. 7B, a line-source-type evaporation source S is dis-
posed in a chamber. The evaporation source S has a shape
which is elongated in the depth direction (i.e. a direction
normal to the sheet face of FIG. 7B) of the substrate SUB. The
evaporation source S has a length which is equal to or greater
than the depth of the substrate SUB. The evaporation source
S is configured to disperse a material source by heating a
crucible by, e.g. a resistive heating method. The evaporation
source S includes a first evaporation source RS including a
material source of the first light-emitting material EM1, a
second evaporation source GS including a material source of
the second light-emitting material EM2, a third evaporation
source BS including a material source of the third light-
emitting material EM3, and a fourth evaporation source HS
including a material source of the host material HM. The
evaporation source S having this structure is configured to be
movable in the width direction of the substrate SUB.

[0083] In the example shown in FIG. 7B, in the state in
which the evaporation source S stands by in the home position
(i.e. a position outside the position where the evaporation
source S is just opposed to the substrate SUB), the first evapo-
ration source RS, fourth evaporation source HS, second
evaporation source GS and third evaporation source BS are
closely arranged in the width direction in the evaporation
source S in the named order from the one closest to the
substrate SUB.

[0084] On the other hand, the substrate SUB is held by a
holding mechanism (not shown) such that its major surface,
on which the pixel electrodes PE are formed, faces the evapo-
ration source S. Not a fine mask in which openings are formed
in association with individual pixels, but a rough mask, in
which an opening corresponding to the display region is
formed, is interposed between the substrate SUB and the
evaporation source S.

[0085] While the evaporation source S is being heated and
the respective material sources are being dispersed, the
evaporation source S is once reciprocated between the home
position and the end of the substrate SUB. During this time,
the first light-emitting material EM1, second light-emitting
material EM2, third light-emitting material EM3 and host
material HM are co-evaporated. The organic layer ORG,
which is thus formed, is a continuous film spreading over the
display region.

[0086] Since the thus formed organic layer ORG is formed
with the movement of the evaporation source S, the first
light-emitting material EM1, second light-emitting material
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EM2 and third light-emitting material EM3 have mutually
different density distributions in the thickness direction of the
organic layer ORG.

[0087] For example, in the case where the organic layer
ORG is formed in the evaporation device having the evapo-
ration source S with the structure shown in FIG. 7B, the
densities of the respective light-emitting materials in the
organic layer ORG have the following relationship in a first
region near the pixel electrode PE:

[0088] the first light-emitting material EMI (R)>the second
light-emitting material EM2 (G)>the third light-emitting
material EM3 (B).

[0089] The reason why this relationship is established is
that the evaporation sources in the evaporation source S are
arranged in the order of the first evaporation source RS, fourth
evaporation source HS, second evaporation source GS and
third evaporation source BS from the evaporation source clos-
est to the substrate SUB.

[0090] Intheorganic layer ORG, the following relationship
is established between the densities of the respective light-
emitting materials in a second region which is located more
on the counter-electrode CE side than the first region:
[0091] the second light-emitting material EM2 (G)>the
first light-emitting material EM1 (R)=the third light-emitting
material EM3 (B).

[0092] Inaddition, in the organic layer ORG, the following
relationship is established between the densities of the
respective light-emitting materials in a third region which is
located in the vicinity of the counter-electrode CE:

[0093] the third light-emitting material EM3 (B)>the sec-
ond light-emitting material EM2 (G)>the first light-emitting
material EM1 (R).

[0094] In the case where the organic layer ORG is formed
in the evaporation device including the evaporation source S
having the structure shown in FIG. 7B, the densities of the
respective light-emitting materials in the organic layer ORG
have the relationship as shown in FIG. 7C. The density dis-
tribution of each light-emitting material is symmetric with
respect to a substantially middle position in the film thickness
direction because each light-emitting material is evaporated
while the evaporation source S is being reciprocated.

[0095] In other words, in the case where the line-source-
type evaporation source S is used, the organic layer ORG,
which has the feature that the respective light-emitting mate-
rials have mutually different density distributions in the film
thickness direction from the pixel electrode PE toward the
counter-electrode CE, is formed.

[0096] Subsequently, electromagnetic waves are radiated
on associated areas of the organic EL element OLED that is
included in each of the pixel PX1, pixel PX2 and pixel PX3,
so that any one of the first light-emitting material EM1, sec-
ond light-emitting material EM2 and third light-emitting
material EM3 may emit light. In the case where three kinds of
light-emitting materials are included, the electromagnetic
wave radiation step includes at least two exposure steps. In
the pixel PX2 that emits green light, the light emission func-
tion of the first light-emitting material EM1 in the organic
layer ORG is lost. In the pixel PX3 that emits blue light, the
light emission functions of the first light-emitting material
EM1 and second light-emitting material EM2 in the organic
layer ORG are lost.

[0097] To be more specific, in an example shown in FIG. 8,
to begin with, such an exposure condition is set in a first
exposure step that the light emission function of the first
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light-emitting material EM1 is lost in regions that form the
pixel PX2 and pixel PX3, and the associated areas are
exposed. Specifically, the pixel PX1 is covered with a photo-
mask (MASK1 in FIG. 8), and the pixel PX2 and pixel PX3
are exposed. The pixel PX2 and pixel PX3 are exposed with
light having a peak wavelength of normalized absorbance of
the first light-emitting material EM1, that is, light having a
wavelength of 500 nm or more in the above-described
example (PHOTO1). By this exposure, the light emission
function of the first light-emitting material EM1 is lost. The
details will be described later.

[0098] Inasubsequentsecond exposure step, such an expo-
sure condition is set that the light emission function of the
second light-emitting material EM2 is lost in the region that
forms the pixel PX3, and the associated area is exposed.
Specifically, the pixel PX1 and pixel PX2 are covered with a
photomask (MASK?2 in FIG. 8), and the pixel PX3 is exposed.
The pixel PX3 is exposed with light having a peak wavelength
of normalized absorbance of the second light-emitting mate-
rial EM2, thatis, light having a wavelength of 400 nm or more
in the above-described example (PHOTO2). By this expo-
sure, the light emission function of the second light-emitting
material EM2 is lost. The details will be described later.
[0099] The electromagnetic radiation step is not limited to
the example shown in FIG. 8. FIG. 9 shows another example.
In this example, to begin with, such an exposure condition is
set in a first exposure step that the light emission function of
the first light-emitting material EM1 is lost in a region that
forms the pixel PX2, and the associated area is exposed.
Specifically, the pixel PX1 and pixel PX3 are covered with a
photomask (MASK1 in FIG. 9), and the pixel PX2 is exposed.
The pixel PX2 is exposed with light having a peak wavelength
of normalized absorbance of the first light-emitting material
EM1, that is, light having a wavelength of 500 nm or more in
the above-described example (PHOTO1). By this exposure,
the light emission function of the first light-emitting material
EM1 is lost.

[0100] Inasubsequentsecond exposure step, such an expo-
sure condition is set that the light emission functions of the
first light-emitting material EM1 and second light-emitting
material EM2 are lost in the region that forms the pixel PX3,
and the associated area is exposed. Specifically, the pixel PX1
and pixel PX2 are covered with a photomask (MASK2 in
FIG. 9), and the pixel PX3 is exposed. The pixel PX3 is
exposed with light having a peak wavelength range of nor-
malized absorbance of the first light-emitting material EM1
and second light-emitting material EM2, that is, light having
a wavelength range of at least 400 nm to 500 nm in the
above-described example (PHOTO2). By this exposure, the
light emission functions of the first light-emitting material
EM1 and second light-emitting material EM2 are lost at the
same time.

[0101] Thereafter, a counter-electrode CE is formed on the
organic layer ORG by, e.g. a vacuum evaporation method. In
the present example, an aluminum layer with a thickness of
150 nm was formed as the counter-electrode CE. The counter-
electrode CE was formed as a continuous film extending over
the display region. In this example, the counter-electrode CE
also functions as a reflective layer for extracting emission
light from the organic layer ORG toward the substrate SUB
side.

[0102] Further, the organic EL element OLED is sealed,
and the video signal line driver XDR and scanning signal line
driver YDR are mounted on the display panel DP. In the
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above-described manner, the organic EL display device
shown in FIG. 1 and FIG. 2 is obtained.

[0103] In this example, the patterning precision that is
required for the opening corresponding to the display region
may be lower by an order of magnitude or more than the
patterning precision in the case of selectively applying light-
emitting materials on the respective pixels. Accordingly, the
precision of opening that is required for the rough mask is
low, and the opening can sufficiently be formed even by mask
evaporation using a metallic mask.

[0104] On the other hand, as regards the patterning preci-
sion in the exposure step of radiating electromagnetic waves
on the individual pixels, since photomasks are used, a target
pixel for irradiation and a pixel other than the target pixel can
be discriminated with high precision. Specifically, even in the
case where the pixel size is small, the electromagnetic wave
radiation process can be carried out without radiating elec-
tromagnetic waves on the region other than the region of the
pixel that is the object of radiation.

[0105] In the meantime, in the case where one organic EL
element OLED includes a plurality of light-emitting materi-
als EM1 to EM3, it is possible that not only light of one color
but also light of other colors may be emitted. Normally, with
the structure in which the light-emitting materials EM1 to
EM3 are simply mixed, the pixels PX1 to PX3 emit light of
the same color, and full-color display cannot be obtained.
[0106] To cope with this, in the present invention, a pixel,
which is to be irradiated with electromagnetic waves, and
other pixels are separated in the exposure step by using a
photomask, and the color of emission light of each pixel is
controlled. FIG. 10 shows one principle for controlling the
colors of emission light of the pixels in the invention.

[0107] In the organic layer ORG having the structure in
which the host material HM and light-emitting materials
EM1 to EM3 are mixed, the first light-emitting material EM1
of red basically tends to easily emit light. The reason for this
is as follows. In the system in which the host material HM,
third light-emitting material EM3, second light-emitting
material EM2 and first light-emitting material EM1 co-exist,
if the excitation energy is higher in this order, energy transfer
occurs from the host material HM, which is excited by re-
combination ofholes and electrons, to the third light-emitting
material EM3 by Forster transition. Further, energy transfer
occurs to the first light-emitting material EM1 via the second
light-emitting material EM2. In short, in this system, the first
light-emitting material EM1, which has the lowest excitation
energy, most easily emits light from the excited state. There-
fore, in the pixel PX1 on which no electromagnetic wave is
radiated, red light is emitted.

[0108] On the other hand, in the pixel PX2 in which the first
light-emitting material EM1 has been irradiated with electro-
magnetic waves, the red dopant material that is the first light-
emitting material EM1 absorbs the electromagnetic waves,
and the material is decomposed or polymerized, or the
molecular structure of the material is changed. As a result, the
red dopant material no longer emits red light in a so-called
extinction state (corresponding to a state in which the light
emission function is lost). This state substantially corre-
sponds to the system in which the host material HM, the third
light-emitting material EM3 and the second light-emitting
material EM2 co-exist. Accordingly, energy transfer occurs
from the excited host material HM to the third light-emitting
material EM3, and further energy transfer occurs to the sec-
ond light-emitting material EM2. In short, in this system, the
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second light-emitting material EM2, which has the lowest
excitation energy (the next lowest excitation energy to the
first light-emitting material), most easily emits light from the
excited state. Therefore, in the pixel PX2, green light is emit-
ted.

[0109] Further, in the pixel PX3 in which the first light-
emitting material EM1 and second light-emitting material
EM2 have been irradiated with electromagnetic waves, the
red dopant material that is the first light-emitting material
EM1 and the green dopant material that is the second light-
emitting material EM2 absorb the electromagnetic waves,
and these materials are decomposed or polymerized, or the
molecular structures of the materials are changed. As a result,
the red dopant material and green dopant material no longer
emit red light and green light in a so-called extinction state
(corresponding to a state in which the light emission function
is lost). This state substantially corresponds to the system in
which the host material HM and the third light-emitting mate-
rial EM3 co-exist. Accordingly, energy transfer occurs only
from the excited host material HM to the third light-emitting
material EM3. In short, in this system, the third light-emitting
material EM3, which has the lowest excitation energy (the
next lowest excitation energy to the second light-emitting
material), most easily emits light from the excited state.
Therefore, in the pixel PX3, blue light is emitted.

[0110] As has been described above, in the present inven-
tion, the organic layer of each pixel is configured to include a
mixture layer including a plurality of kinds of light-emitting
materials which emit lights of different colors, and in each
pixel a single light-emitting material selectively emits light.
Thereby, without using a metallic fine mask for selectively
forming organic layers in association with RGB pixels, it
becomes possible to emit lights of colors corresponding to the
RGB pixels and to obtain full-color display.

[0111] Inthe case of the evaporation using the fine mask, a
useless film may possibly form on the mask, and the opening
of the pixel may be filled. Consequently, the film formation
rate of the organic film, which is formed in the pixel, lowers,
and a greater amount of material is consumed. As a result, the
number of times of cleaning of the mask increases. By con-
trast, in the present invention, the opening size is large, and
only the rough mask, on which a useless film does not easily
form, is used. Therefore, compared to the case of using the
fine mask, the productivity is high and the environmental load
is low.

[0112] Further, with single-time co-evaporation, the mix-
ture layer including the plural kinds of light-emitting materi-
als can be formed in each pixel. Thus, the manufacturing time
can be decreased, and the manufacturing cost can be reduced.

[0113] Therefore, the present invention can provide a high-
definition, large-sized full-color organic EL display device,
with eco-friendliness and high productivity.

[0114] In the above-described manner, the organic EL dis-
play device of the present invention, as shown in FIG. 1 and
FIG. 2, was obtained.

[0115] As a result, red light was emitted in the pixel PX1,
green light was emitted in the pixel PX2 and blue light was
emitted in the pixel PX3, without mixture of colors. The light
emission efficiency was 8 c¢d/A in red, 10 cd/A in green, and
3 cd/A inblue. As regards the hues of the respective pixels, the
chromaticity coordinates on a chromaticity diagram of the red
light emitted in the pixel PX1 were (0.65, 0.35), the chroma-
ticity coordinates of the green light emitted in the pixel PX2
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were (0.30, 0.60), and the chromaticity coordinates of the
blue light emitted in the pixel PX3 were (0.14, 0.12).

[0116] The above values are values which were obtained by
measuring the luminance and chromaticity (x, y) of each
emission light, with the pixels PX1 to PX3 being successively
turned on, under the condition that reference white (C) was
displayed with the luminance of 100 cd/m* (x, y)=(0.31,
0.315) when the screen was viewed in the frontal direction.
[0117] In the present example, the pixel PX1, pixel PX2
and pixel PX3 have the same size. For example, in order to
uniformize the luminance degradation life of the emission
color of each pixel, the sizes of the pixels may be varied.
Thereby, easy coloring of white can be prevented.

[0118] Other examples of the present invention will be
described below.

EXAMPLE 2

A Case in Which Layers HIL, HTL, ETL and EIL
are Provided in Addition to the Mixture Layer EML

[0119] FIG. 11 shows the structure according to Example 2.
FIG. 11 is a cross-sectional view which schematically shows
another example of the structure that is adoptable in the
organic EL element included in the display device shown in
FIG. 2. In Example 2, the organic layer ORG of each pixel
includes, in addition to the mixture layer EML including the
host material HM, first light-emitting material EM1, second
light-emitting material EM2 and third light-emitting material
EM3, a hole injection layer HIL and a hole transport layer
HTL on the pixel electrode PE side of the mixture layer EML,
and an electron transport layer ETL and an electron injection
layer EIL on the counter-electrode CE side of the mixture
layer EML.

[0120] As the hole injection layer HIL, an amorphous car-
bon layer with a thickness of 10 nm was formed. As the hole
transport layer HTL, a layer of N,N'-diphenyl-N,N'-bis(1-
naphtylphenyl)-1,1'-biphenyl-4,4'-diamine(a-NPD), which
has a thickness o 30 nm, was formed by vacuum evaporation.
The hole injection layer HIL and hole transport layer HTL
were formed as continuous films spreading over the display
region.

[0121] As the electron transport layer ETL, an Alq, layer
with a thickness of 30 nm was used. As the electron injection
layer EIL, a lithium fluoride layer with a thickness of 1 nm
was used. The electron transport layer ETL and electron
injection layer EIL were formed by vacuum evaporation, and
were formed as continuous films spreading over the display
region.

[0122] Thereby, the balance between holes and electrons in
the light-emitting layer is improved, and the light emission
efficiency is enhanced. In addition, hole injection, hole trans-
port, electron injection and electron transport are improved,
and the driving voltage is reduced.

EXAMPLE 3
A Case of Top Emission

[0123] FIG. 12 shows the structure according to Example 3.
FIG. 12 is a cross-sectional view which schematically shows
still another example of the structure that is adoptable in the
organic EL element included in the display device shown in
FIG. 2. In Example 3, a reflective layer REF was formed on
the pixel electrode PE. Thereby, emission light is extracted to
the counter-electrode CE side. The counter-electrode CE was
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formed as a semi-transparent electrode by evaporation using
a mixture of magnesium and silver. The thickness of the
counter-electrode CE was set at 20 nm, and the counter-
electrode CE was formed as a continuous film spreading over
the display region. As regards the ratio between magnesium
and silver, the silver content was set at 60 to 98 % in order to
obtain high light transmissivity.

[0124] Thereby, unlike the structure in which emission
light is extracted to the substrate SUB side, light can be
extracted without restriction of the aperture ratio due to the
thin-film transistors and their wiring. Therefore, even with a
high-definition panel having a small pixel size, a sufficient
light emission area of the OLED element can be secured, and
the power-on degradation (lifetime) of the OLED element is
improved.

EXAMPLE 4

A Case in Which Layers HIL, HTL, ETL and EIL
and an Optical Matching Layer MC are Added in the
Top Emission Structure

[0125] FIG. 13 shows the structure according to Example 4.
FIG. 13 is a cross-sectional view which schematically shows
still another example of the structure that is adoptable in the
organic EL. element included in the display device shown in
FIG. 2. In the structure shown in FIG. 13, a hole injection
layer HIL, a hole transport layer HTL, an electron transport
layer ETL and an electron injection layer EIL were added to
the structure of FIG. 12, and further an optical matching layer
MC was formed on the counter-electrode CE.

[0126] The optical matching layer MC is a light-transmis-
sive layer, and effects optical matching with a gas layer of
nitrogen, or the like, which is present in a gap between the
substrate SUB and the sealing substrate SUB2. The refractive
index of the optical matching layer MC is substantially equal
to the refractive index of the organic layer ORG. For instance,
as the optical matching layer MC, use may be made of a
transparent inorganic insulating layer such as an SiON layer,
atransparent inorganic conductive layer such as an ITO layer,
or a transparent organic layer such as a layer included in the
organic layer ORG. If the optical matching layer MC is used,
the light extraction efficiency can be enhanced. In the present
example, the thickness of the pixel electrode PE was set at 100
nm, and the thickness of the hole transport layer HTL was set
at 75 nm. The optical matching layer MC was set at 70 nm.
[0127] Thereby, compared to Example 3, the light emission
efficiency was successfully increased four times. In the case
where the white luminance was set at the same level as in
Example 3, the power consumption was successfully reduced
to Ya.

EXAMPLE 5

A Case in Which Layers HIL, HTL, ETL and EIL,

an Optical Matching Layer MC and an RGB Inter-

ference Condition Adjusting Layer MC2 are Added
in the Top Emission Structure

[0128] FIG. 14 shows the structure according to Example 5.
FIG. 14 is a cross-sectional view which schematically shows
still another example of the structure that is adoptable in the
organic EL element included in the display device shown in
FIG. 2. In the structure shown in FIG. 14, a layer MC2, which
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adjusts the interference condition of the RGB pixels PX1,
PX2 and PX3, was formed on the reflective layer REF in the
structure of FIG. 13.

[0129] The interference condition adjusting layer MC2 is a
light-transmissive layer. In the case of the top emission struc-
ture as in this Example 5, it is necessary to optimally design
the optical path length between the reflective layer REF and
the counter-electrode CE in accordance with the wavelength
of the emission light color. In particular, in the same order of
interference, the optimal optical path length (resonance con-
dition) differs between the red R, green G and blue B dueto a
difference between their emission light wavelengths. Since
the interference condition adjusting layer MC2, which pro-
vides an optical path length corresponding to a least common
multiple of ¥4 of the three color emission light wavelengths, is
formed between the reflective layer REF and the counter-
electrode CE, it becomes possible to efficiently extract emis-
sion lights of red, green and blue of the pixels PX1 to PX3, to
improve the light emission efficiency and to reduce the power
consumption.

[0130] The refractive index of the interference condition
adjusting layer MC2 is substantially equal to the refractive
index of the organic layer ORG. For instance, as the interfer-
ence condition adjusting layer MC2, use may be made of a
transparent inorganic insulating layer such as an SiN layer, a
transparent inorganic conductive layer such as an ITO layer,
or a transparent organic layer such as a layer included in the
organic layer ORG. In the present example, the thickness of
the hole transport layer HTL was set at 40 nm, SiN was used
for the interference condition adjusting layer MC2, and the
thickness of the interference condition adjusting layer MC2
was set at 410 nm.

[0131] Thereby, compared to Example 3, the light emission
efficiency was successfully increased six times, and the
power consumption was successfully reduced. In this
example, the color purity of each of red, green and blue was
improved, and the color reproduction range was successfully
set at 100% or more (relative to the NTSC ratio).

EXAMPLE 6

An Example in Which the Interference Condition
Adjusting Layer MC2 is Removed from Only the
Blue Pixel PX3 in the Top Emission Structure

[0132] FIG. 15 shows the structure according to Example 6.
FIG. 15 is a cross-sectional view which schematically shows
still another example of the structure that is adoptable in the
organic EL element included in the display device shown in
FIG. 2. In the structure shown in FIG. 15, the interference
condition adjusting layer MC2 of the pixel PX3 (blue) was
removed from the structure of FIG. 14.

[0133] Thereby, the interference condition (resonance con-
dition) can more easily be matched between the respective
color pixels, and it becomes possible to enhance the efficiency
and to improve the purity of each color. In this example, the
thickness of the interference condition adjusting layer MC2
was set at 390 nm in accordance with only red and green.
[0134] Hence, the light emission efficiency was improved
and successfully increased 1.5 times, compared to Example 4,
and the power consumption was successfully reduced.

EXAMPLE 7

An Example in Which an Irregular Scattering Layer
is Formed in the Top Emission Structure

[0135] FIG. 16 shows the structure according to Example 7.
FIG. 16 is a cross-sectional view which schematically shows
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still another example of the structure that is adoptable in the
organic EL element included in the display device shown in
FIG. 2. In the structure shown in FIG. 16, an irregular scat-
tering layer structure, which eliminates a resonance state of
top-emission light, was formed by using a reflective layer
REF and an organic material in the structure shown in FIG.
13.

[0136] Thereby, the interference condition (resonance con-
dition) is eliminated, and the film thickness adjustment of
each organic EL element becomes needless.

EXAMPLE 8

An Example in Which an Irregular Scattering Layer
is Formed in the Pixel PX1 (Red) and Pixel PX2
(Green) in the Top Emission Structure

[0137] FIG. 17 shows the structure according to Example 8.
FIG. 17 is a cross-sectional view which schematically shows
still another example of the structure that is adoptable in the
organic EL, element included in the display device shown in
FIG. 2. In the structure shown in FIG. 17, an irregular scat-
tering layer structure, which eliminates a resonance state of
top-emission light, was formed by using a reflective layer
REF and an organic material in the pixel PX1 (red) and pixel
PX2 (green) in the structure shown in FIG. 13.

[0138] Thereby, it should suffice if the interference condi-
tion (resonance condition) is designed in accordance with
only the pixel PX3 (blue). The efficiency of blue light emis-
sion, which is particularly low in efficiency and is high in
power consumption, can be improved, and the purity of blue
can be enhanced.

EXAMPLE 9

A Case in Which a Partition Insulation Layer PI
(Rib) is Not Used

[0139] In the structure of Example 9, the partition insula-
tion layer PI, which is formed between pixels and is normally
used in display devices using OLED elements, is not formed.
The reason for this is that in the present invention a metallic
mask not used, so there is no need to provide a partition
insulation layer for supporting the metallic mask at the time of
vacuum evaporation.

[0140] Thereby, the step of forming the partition insulation
layer PI can be omitted, the material that is used can be
reduced, and the environmental load can further be reduced.
[0141] In the above-described examples, the organic EL
display device includes three kinds of organic EL elements
which emit lights of different colors. Alternatively, the
organic EL display device may include, as organic EL ele-
ments, only two kinds of organic EL elements which emit
lights of different colors, or four or more kinds of organic EL.
elements which emit lights of different colors.

[0142] The present invention is not limited directly to the
above-described embodiments. In practice, the structural ele-
ments can be modified and embodied without departing from
the spirit of the invention. Various inventions can be made by
properly combining the structural elements disclosed in the
embodiments. For example, some structural elements may be
omitted from all the structural elements disclosed in the
embodiments. Furthermore, structural elements in different
embodiments may properly be combined.
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What is claimed is:

1. An organic EL display device comprising:

a first switching transistor and a second switching transis-
tor placed above a substrate;

an insulation film which covers the first switching tran-
sistor and the second switching transistor;

a first pixel electrode placed above the insulation film
and electrically connected to the first switching tran-
sistor via a first contact hole formed in the insulation
film, the first pixel electrode comprising a first reflec-
tive layer;

a second pixel electrode placed above the insulation film
and electrically connected to the second switching
transistor via a second contact hole formed in the
insulation film, the second pixel electrode comprising
a second reflective layer;

a partition insulation layer placed on the insulation film,
which covers the first contact hole and the second
contact hole, the partition insulation layer comprising
through-holes at positions corresponding to the first
pixel electrode and the second pixel electrode;

an organic layer which is a continuous film covering the
first pixel electrode, the second pixel electrode and the
partition insulation layer and comprises a mixture
layer in which a host material, a first light-emitting
material and a second light-emitting material are
mixed, a light emission function of the first light-
emitting material contained in the organic layer being
lost in a portion above the second pixel electrode; and

a counter electrode which covers the organic layer.

2. The organic EL display device according to claim 1,
wherein the first pixel electrode, a part of the organic layer
and a part of the counter electrode form a first organic EL
element of a first emission light color, and the second pixel
electrode, another part of the organic layer and another part of
the counter electrode form a second organic EL element of a
second emission light color having a wavelength shorter than
that of the first emission light color.

3. The organic EL display device according to claim 2,
wherein the first light-emitting material emits light in the first
organic EL element, and the second light-emitting material
emits light in the second organic EL element.

4. The organic EL display device according to claim 3,
wherein the host material, the first light-emitting material and
the second light-emitting material are deposited by a co-
evaporation method.

5. The organic EL display device according to claim 1,
wherein the first pixel electrode and the second pixel elec-
trode are anodes and the counter electrode is a cathode, and

the organic layer includes a hole injection layer and a hole
transport layer on the first pixel electrode and second
pixel electrode side thereof, and includes an electron
transport layer and an electron injection layer on the
counter electrode side thereof.

6. The organic EL display device according to claim 1,
further comprising an optical matching layer on a side of the
counter electrode, which is opposite to the organic layer.

7. The organic EL display device according to claim 1,
further comprising an interference condition adjusting layer
on an outside of the first pixel electrode and the second pixel
electrode, relative to the organic layer.
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8. The organic EL display device according to claim 1,
further comprising an irregular scattering layer on an outside
of the first pixel electrode and the second pixel electrode,
relative to the organic layer.
9. The organic EL display device according to claim 3,
wherein a density distribution of the first light-emitting mate-
rial and the second light-emitting material included in the
mixture layer is uniform in a film thickness direction in the
organic layer.
10. The organic EL display device according to claim 9,
wherein the first light-emitting material and the second light-
emitting material are deposited by a co-evaporation method
using a point-source-type evaporation source.
11. The organic EL display device according to claim 3,
wherein density distributions of the first light-emitting mate-
rial and the second light-emitting material included in the
mixture layer are different in a film thickness direction in the
organic layer.
12. The organic EL display device according to claim 11,
wherein the first light-emitting material and the second light-
emitting material are deposited by a co-evaporation method
using a line-source-type evaporation source.
13. An organic EL display device comprising:
a first switching transistor, a second switching transistor
and a third switching transistor placed above a substrate:

an insulation film which covers the first switching transis-
tor, the second switching transistor and the third switch-
ing transistor;

a first pixel electrode placed above the insulation film and
electrically connected to the first switching transistor via
a first contact hole formed in the insulation film, the first
pixel electrode comprising a first reflective layer;

a second pixel electrode placed above the insulation film
and electrically connected to the second switching tran-
sistor via a second contact hole formed in the insulation
film, the second pixel electrode comprising a second
reflective layer;

a third pixel electrode placed above the insulation film and
electrically connected to the third switching transistor
via a third contact hole formed in the insulation film, the
third pixel electrode comprising a third reflective layer;

a partition insulation layer placed on the insulation film,
which covers the first contact hole, the second contact
hole and the third contact hole, the partition insulation
layer comprising through-holes at positions correspond-
ing to the first pixel electrode, the second pixel electrode
and the third pixel electrode;

an organic layer which is a continuous film covering the
first pixel electrode, the second pixel electrode, the third
pixel electrode and the partition insulation layer and
comprises a mixture layer in which a host material, a first
light-emitting material, a second light-emitting material
and a third light-emitting material are mixed, a light
emission function of the first light-emitting material
contained in the organic layer being lost in a portion
above the second pixel electrode and light emission
functions of the first light-emitting material and the sec-
ond light-emitting material contained in the organic
layer being lost in a portion above the third pixel elec-
trode; and

a counter electrode which covers the organic layer.

14. The organic EL display device according to claim 13,
wherein the first pixel electrode, a part of the organic layer
and a part of the counter electrode form a first organic EL.
element of a first emission light color, the second pixel elec-
trode, another part of the organic layer and another part of the



US 2011/0315970 Al

counter electrode form a second organic ELL element of a
second emission light color having a wavelength shorter than
that of the first emission light color, and the third pixel elec-
trode, still another part of the organic layer and still another
part of the counter electrode form a third organic EL element
of a third emission light color having a wavelength shorter
than that of the second emission light color.

15. The organic EL display device according to claim 14,
wherein the first light-emitting material emits light in the first
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organic EL element, the second light-emitting material emits
light in the second organic ELL element and the third light-
emitting material emits light in the third organic EL element.

16. The organic EL display device according to claim 13,
wherein the host material, the first light-emitting material, the
second light-emitting material and the third light-emitting
material are deposited by a co-evaporation method.

* * #* ok %
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