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FIG.13

S201

FORM LOWER ELECTRODES

S202

FORM PARTITION WALL

$203

WATER REPELLENT TREATMENT

S204

FORM HOLE INJECTION LAYERS

S205

FORM HOLE TRANSPORT LAYERS
OF RED AND GREEN PIXELS

S206

FORM LIGHT-EMITTING LAYERS
OF RED AND GREEN PIXELS

S207

FORM HOLE TRANSPORT LAYER
OF BLUE PIXEL

S209

FORM BLUE LIGHT-EMITTING LAYERS
(COMMON LAYER) OVER ENTIRE SURFACE

S210

FORM ELECTRON TRANSPORT LAYERS
OVER ENTIRE SURFACE

S211

FORM ELECTRON INJECTION LAYERS
OVER ENTIRE SURFACE

S212

FORM UPPER ELECTRODE




Patent Application Publication

Jul. 4,2013 Sheet 12 of 26

US 2013/0171756 Al

—»153}
15
| ~15A

N g ~—14
/>>/ ™11
\ ) )
10R 10G 10B
FIG.148B
imAR 16AG (§§ 16AB (Y158
\v : A A% : A% §f15A}15
) ,I/l/ ,[ ,I/l/ ,l 1 \_’14
™11

)//D“/?/

FIG.14C

16BR

16BG

)
\Z\ N

/\

e

‘/1/4

/I\\\

158}
15
f15A

14

/%//V/V%/

~11

1OR 16AR 10G 16AG IOB 16AB



Patent Application Publication

Jul. 4,2013 Sheet 13 of 26

FIG.14D

16CR

IGFG
N7
N

\Z:
1

A%
X

DN

SN
>

R

&z

A

\¢153}_
15
| ~15A

~—14

~11

10R

10G

16AG

[
] o) |

{
16BR
16AR

Jeh

10B

FIG.14E

16CR

e

16CG

RSSO RS S

B

~-15B
1
Jf15A}'5

14

~11

léB§> \ 16%6) \ 16%B> \
16AR 16AG 16A

10R

10G

10B

FIG.14F

16CR
N
NN

16FG

N

16$B
S S SIS

B

\¢158}_
15
| ~15A

O/

14

VAV

~11

léB§> \ 16EG> \ 16EB> \
16AR 16AG 16A

10R

10G

10B

B

US 2013/0171756 Al



Patent Application Publication

FIG.14G

16CB-—
16CR—]
16CG —]

Jul. 4,2013 Sheet 14 of 26

~16E

~15B
| ~15A

J1s

~—14
~—11

]
\ 168G
16AR 106 10B

FIG.14H

10R 16AG

16CB~
16CR ]
16CG—]

16AB

~—16F
~16E

~15B
-15A

s

14

~11

[
\ 16BB
16AG 10B

!
\ 16BG
16AR 10G

FIG.141

A\
N /2
D\ §
16CB\/§(l
{8
RS
NN NN RN

Y
DN

16AB

~17
~—16F
~ 16E

~15B
| ~15A

J1s

~14

~11

(L
\ 16,BG> \ 16IBB>

)

[
16BR>

10R 16AR 16AG

10G

16AB

US 2013/0171756 Al



Patent Application Publication Jul. 4,2013 Sheet 15 of 26 US 2013/0171756 Al

~ 16F

A\

N

\ S

ﬁ ’ +—16CB
N NS s

—~ J~—15B

$ \/Z\ D \7\\)%/1\ f15A}15
SSSSSVRSSESIVRSSSSEA (4

) )\

| { !
16BR 16BG 16BB
16AR 16AG 16AB
OR

10G 10B




Patent Application Publication

Jul. 4,2013 Sheet 16 of 26

FIG.16

S301

US 2013/0171756 Al

FORM LOWER ELECTRODES

S302

FORM PARTITION WALL

S303

WATER REPELLENT TREATMENT

S304

FORM HOLE INJECTION LAYERS

S305

FORM HOLE TRANSPORT LAYERS
OF RED AND GREEN PIXELS

S306

FORM LIGHT-EMITTING LAYERS
OF RED AND GREEN PIXELS

S307

FORM HOLE TRANSPORT LAYER
OF BLUE PIXEL

S308

FORM COMMON HOLE TRANSPORT LAYER
OVER ENTIRE SURFACE

S309

FORM BLUE LIGHT-EMITTING LAYER
(COMMON LAYER) OVER ENTIRE SURFACE

S310

FORM ELECTRON TRANSPORT LAYERS
OVER ENTIRE SURFACE

S311

FORM ELECTRON INJECTION LAYERS
OVER ENTIRE SURFACE

S312

FORM UPPER ELECTRODE




Patent Application Publication Jul. 4,2013 Sheet 17 of 26 US 2013/0171756 Al

%

JT—15B
1
[§/15A} >
S¥A

1/ T 1] 14
/?/, /%yl ~—11
\ \ \
10R 10G 10B

16AR 16AG 16AB (Y
§g ) 3§1“}5

| ~15A

4 /ﬁiii

10R 10G 10B
FIG.17C
3 16BR 16BG |,
%\V Q S\ s
/1 \—14
\/11

10R 16AR 10G 16AG IOB 16AB



Patent Application Publication

FIG.1/D

FIG.17E

FIG.1/F

FIG.17G

Jul. 4,2013 Sheet 18 0f26  US 2013/0171756 Al
16CR 16CG
2N NI
\\/)V/VJ\\ A)V/A f15A
w2 \-14
(X W /f”\/»n
I
16BR> \ 16BG> >
Lok 16AR | (- 16AG &1
NN Noase
\VM/:]\ V/\z\ /\]\\f15A
FANNANN »14
TR b1

I
16BR>

10R16AR

16CR

\16%G>

p)
e

10G 10B

16CG

\\(/@

NS
s

FANANN

16AB

16D
Dl

R

14

+~-11

16BR>

1OR16AR

\16EG>

L
e

10G 10B

16AB

I
16BR>

1OR16AR

\16%G>

ANz
Viees) |

16AG 16A

10G 10B

B



Patent Application Publication

Jul. 4,2013 Sheet 19 of 26

U

S 2013/0171756 A1

FIG.1/H
| 16E
16CB— 16D
e
16CG ] 158
” 7 f15A}15
i 14
/ 411
16IBR> \16'BG> \ 16'BB> \
Lok 16AR | - 16AG - 16AB
FIG.171
N
N Y 16F
N % §»16E
16CB—k
16CR\§7 &i% 16D
16CG\§§\ j\ ~»153}15
N AN A Rt
RSV RSSR EEESHA 14
/ NS ANA
16BR) 16'BG> \ 16'33) \
Lok 16AR |- 16AG & 16AB
FIG.17]
R Z-1
>\\ +~—16F
N L 16E
16CB—k
Ry —16D
16CR |
16CG\>47( 158

/1

Tl RATT
AANN ANSONN AN

%

15
f15A}

~—14

—~11

I
16BR>
10R

16AR

\ 16,BG>
10G

I
\ 16BB
16AG

[
)

)

16A

10B

B



Patent Application Publication Jul. 4,2013 Sheet 2 of 26
1
4 /// /// /// /// /// //’\’40
~20
Y e
+~—16F
3‘? §MI6E “-16
16CR\>3¢<
16CG —] J~15B
\7\ N V\ N 15
W AT o N LOA
NSNS SN NSZ P
A\ A
| | |
16BR \16BG \ 16BB
16AR 16AG 16AB
10R 10G 10B

US 2013/0171756 Al



Patent Application Publication

FIG

Jul. 4,2013 Sheet 20 of 26

US 2013/0171756 Al

.18

AN
AN

440

16CR—]
16CG —|

[-16D

\%\/20
~17
+~—16F
~16E =-16
@\/16(:3

N %/{% Z 57 2

14

KL }o11
| [
16BR \ 16BG \ \
16AR 16AG 16AB
10R 10G 10B
120 20,40 11
I""i““"I
e " )
I ~ 220
[
[
110—4.. A N >
|
130 210



Patent Application Publication Jul. 4,2013 Sheet 21 of 26 US 2013/0171756 Al

FIG.20

—320
— 300

— 310

FIG.21A

FIG.21B




US 2013/0171756 Al

Jul. 4,2013 Sheet 22 of 26

Patent Application Publication

FIG.22

FIG.23




US 2013/0171756 Al

Jul. 4,2013 Sheet 23 of 26

Patent Application Publication

0cs

dv ¢ OId ¥ 9Id4d A OIA
on/\ﬂV

e

0¢L~—

0TL—

S0TL gy

0TL

-094
ETA

0SL—=F7 11
e~
4" O14d

01,

L)

[o] |

-—

OO
D
-0 ),
2D
OO0
1 |-

o o
< »

—

0cs

1) 4

dv ¢ DId V¥ 'DId



Patent Application Publication Jul. 4,2013 Sheet 24 of 26 US 2013/0171756 Al

FIG.25

810R 810G
gswsgis

810 —

10R  10Y
) )
1004 r Y R Y R Y
10Gl | g
103“”22%2% G B G B G

1ST EXAMPLE
(4 COLORS)




Patent Application Publication Jul. 4,2013 Sheet 25 of 26 US 2013/0171756 Al

FIG.27

10R 106G
! .

10— R G R G R G

10Y |,

IOB“”Zégz% Y B Y B Y

2ND EXAMPLE

(4 COLORS)
R G R G R G
B Y B Y B Y
106 10Y
. )
10| G Y G Y G Y
10R | %
IOB‘”éééz% R B R B R
3RD EXAMPLE 7
(4 COLORS)
G Y G Y G Y
B R B R B R




Patent Application Publication Jul. 4,2013 Sheet 26 of 26 US 2013/0171756 Al
10R 10G 10Y
/S M.
10—+ | R G Y RI|IG Y RI||G Y
10B 1 B 5 B
4TH EXAMPLE
(4 COLORS)
R G Y RI|IG Y RI||G Y
B B B
10R 10G 10Y
L)
1R ||| Y[||R]|G]|Y]|||R]|G]]|Y
10B
B B B
5TH EXAMPLE
(4 COLORS)
R G Y RI||IG Y RI||G Y
B B B




US 2013/0171756 Al

ORGANIC EL DISPLAY DEVICE AND
MANUFACTURING METHOD OF THE SAME

RELATED APPLICATION DATA

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 13/248,437 filed Sep. 29, 2011, the entirety of
which is incorporated herein by reference to the extent per-
mitted by law. The present application claims priority to and
contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 2010-225959 filed with the
Japan Patent Office on Oct. 5, 2010, the entire content of
which is hereby incorporated by reference to the extent per-
mitted by law.

BACKGROUND

[0002] The present disclosure relates to an organic EL
(Electro Luminescence) display device that relies on the phe-
nomenon of organic electroluminescence to emit light and a
manufacturing method of the same.

[0003] The advancement of the information and telecom-
munication industry at an accelerating pace has led to demand
for display elements offering sophisticated performance.
Among these, the organic EL element that is attracting atten-
tion as a next generation display device features not only a
wide view angle and excellent contrast but also quick
response time.

[0004] The light-emitting layer and other layers forming an
organic EL element are broadly classified into two types,
namely, low and high molecular weight materials. It is com-
monly known that low molecular weight materials offer
higher light emission efficiency and longer life. In particular,
low molecular weight materials offer higher blue light per-
formance.

[0005] In order to form an organic film, on the other hand,
a dry method (vapor deposition method) such as vacuum
vapor deposition is used for low molecular weight materials,
and a wet method (coating or printing method) such as spin
coating, ink jet or nozzle printing is used for high molecular
weight materials.

[0006] The vacuum vapor deposition method is advanta-
geous in that the process step adapted to remove the solvent is
not necessary after the film formation because it is not nec-
essary to dissolve the material adapted to form an organic thin
film in the solvent. However, patterning using a metal mask is
difficult. In particular, the equipment and manufacturing cost
adapted to produce large-size panels is high. As a result, the
method has drawbacks including its difficulty in applying the
method to large-screen substrates and problem with achiev-
ing volume production. For this reason, the wet methods such
as ink jet and nozzle printing are drawing attention for their
relative ease in increasing the display screen size.

[0007] However, the blue light-emitting material in particu-
lar of all the high molecular weight materials used in ink jet or
nozzle printing offers low emission brightness and short life,
thus making it difficult to manufacture practical display prod-
ucts using a wet method.

[0008] Therefore, in Japanese Patent Laid-Open No. 2007-
73532 (hereinafter referred to as Patent Document 1), for
example, a manufacturing method is proposed in which red
and green light-emitting layers are patterned for each pixel
using ink jet, after which a blue light-emitting layer is formed
on top thereof by vacuum vapor deposition.
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[0009] However, the manufacturing method using the
printing method for the red and green organic layers and the
vapor deposition method for the blue organic layer as dis-
closed in Patent Document 1 includes a process step in which
the film forming material solution is applied only to the red
and green pixels but not to the blue pixels. In this case, the
drying speed of the applied solution is high at the regions
adjacent to the blue pixels, thus drawing the undried applied
solution to the regions where the solution has already dried.
This leads to a non-uniform or asymmetrical thickness of the
organic layer after drying, thus resulting in thick regions
adjacent to the blue pixels.

[0010] The present disclosure has been made in light of the
foregoing, and it is desirable to provide an organic EL display
device and manufacturing method of the same for ensuring
improved uniformity or symmetry in the thickness of the
organic layer adjacent to the blue pixels.

[0011] An organic EL display device according to the
present disclosure includes, on a substrate, lower electrodes,
first hole injection/transport layers, second organic light-
emitting layers of colors other than blue, blue first organic
light-emitting layer, electron injection/transport layers and
upper electrode. The lower electrodes are provided one for
each of a blue first organic EL element and second organic EL.
elements of other colors. Each of the first hole injection/
transport layers is provided on or above the lower electrode
for one of the first and second organic EL elements and has at
least a hole injection or hole transport characteristic. Each of
the second organic light-emitting layers of other colors is
provided on one of the first hole injection/transport layers of
the second organic EL elements. The blue first organic light-
emitting layer is provided over the entire surfaces of the
second organic light-emitting layers and the first hole injec-
tion/transport layer of the first organic EL element. The blue
first organic light-emitting layer is made of a low molecular
weight material. The electron injection/transport layers are
provided sequentially over the entire surface of the first
organic light-emitting layer. Each of the electron injection/
transport layers has at least an electron injection or electron
transport characteristic. The organic EL display device
includes a plurality of pixels, each of which has the first and
second organic EL elements arranged in the same positional
relationship. Each of the second organic EL elements is adja-
cent to the first organic EL elements in the same or adjacent
pixel at least on its two sides opposed to each other.

[0012] A manufacturing method of an organic EL display
device according to the present disclosure includes a step of
forming, on a substrate, a lower electrode for each of a blue
first organic EL element and second organic EL elements of
other colors. The manufacturing method includes another
step of forming, by a coating method, first hole injection/
transport layers on or above the lower electrode, one for each
of'the first and second organic EL elements. Each of the first
hole injection/transport layers has at least a hole injection or
hole transport characteristic. The manufacturing method
includes still another step of forming, by a coating method,
second organic light-emitting layers of other colors on the
first hole injection/transport layers of the second organic EL.
elements. The manufacturing method includes still another
step of forming, by a vapor deposition method, a blue first
organic light-emitting layer over the entire surfaces of the
second organic light-emitting layers and the first hole injec-
tion/transport layer of the first organic EL element. The blue
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first organic light-emitting layer is made of a low molecular
weight material. The manufacturing method includes still
another step of forming electron injection/transport layers
and an upper electrode sequentially over the entire surface of
the first organic light-emitting layer. Each of the electron
injection/transport layers has at least an electron injection or
electron transport characteristic. A plurality of pixels are pro-
vided in the organic EL display device. Each of the pixels has
the first and second organic EL elements arranged in the same
positional relationship. Each of the second organic EL ele-
ments is adjacent to the first organic EL elements in the same
or adjacent pixel at least on its two sides opposed to each
other.

[0013] In the organic EL display device or manufacturing
method of the same according to the present disclosure, each
of the second organic ELL elements is adjacent to the first
organic EL elements in the same or adjacent pixel at least on
its two sides opposed to each other. This suppresses non-
uniform drying speed of the applied solution on the sides
adjacent to the first organic EL elements in the manufacturing
process, thus providing reduced imbalance in thickness of the
organic layer after drying. This ensures improved uniformity
or symmetry in the thickness of the organic layer adjacent to
the blue pixels.

[0014] The organic EL display device or manufacturing
method of the same according to the present disclosure
arranges each of the second organic EL elements to be adja-
cent to the first organic EL elements in the same or adjacent
pixel at least on its two sides opposed to each other. This
ensures improved uniformity or symmetry in the thickness of
the organic layer adjacent to the blue pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a diagram illustrating the configuration of
an organic EL display device according to a first embodiment
of the present disclosure;

[0016] FIG.2isadiagram illustrating an example of a pixel
drive circuit shown in FIG. 1;

[0017] FIG. 3 is a sectional view illustrating the configura-
tion of the display region shown in FIG. 1;

[0018] FIG. 4 is a diagram illustrating a first example of
two-dimensional arrangement of organic EL elements;
[0019] FIG. 5is a diagram illustrating a second example of
two-dimensional arrangement of organic EL elements;
[0020] FIG. 6 is a diagram illustrating a third example of
two-dimensional arrangement of organic EL elements;
[0021] FIG. 7 is a diagram illustrating a fourth example of
two-dimensional arrangement of organic EL elements;
[0022] FIG. 8 is a diagram illustrating a fifth example of
two-dimensional arrangement of organic EL elements;
[0023] FIG. 9 is a diagram illustrating a sixth example of
two-dimensional arrangement of organic EL elements;
[0024] FIG. 10 is a diagram illustrating the flow of the
manufacturing method of the organic EL display device
shown in FIG. 1;

[0025] FIGS. 11A to 11C are sectional views illustrating
the manufacturing method shown in FIG. 10 in the order of
execution of the process steps;

[0026] FIGS. 11D and 11E are continued from FIG. 11C
and sectional views illustrating the process steps;

[0027] FIGS. 11F to 11H are continued from FIG. 11E and
sectional views illustrating the process steps;

[0028] FIGS.12A and 12B are diagrams for describing the
problem with the manufacturing method used in the past;
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[0029] FIG. 13 is a diagram illustrating the flow of the
manufacturing method of the organic EL display device
according to a second embodiment of the present disclosure;
[0030] FIGS. 14A to 14C are sectional views illustrating
the manufacturing method shown in FIG. 13 in the order of
execution of the process steps;

[0031] FIGS. 14D to 14F are continued from FIG. 14C and
sectional views illustrating the process steps;

[0032] FIGS. 14G to 141 are continued from FIG. 14F and
sectional views illustrating the process steps;

[0033] FIG. 15 is a sectional view illustrating the configu-
ration of an organic EL display device according to a fourth
embodiment of the present disclosure;

[0034] FIG. 16 is a diagram illustrating the flow of the
manufacturing method of the organic EL display device
shown in FIG. 15;

[0035] FIGS. 17A to 17C are sectional views illustrating
the manufacturing method shown in FIG. 16 in the order of
execution of the process steps;

[0036] FIGS.17Dto 17G are continued from FIG. 17C and
sectional views illustrating the process steps;

[0037] FIGS.17H to 17] are continued from FIG. 17G and
sectional views illustrating the process steps;

[0038] FIG. 18 is a sectional view illustrating the configu-
ration of an organic EL display device according to a fifth
embodiment of the present disclosure;

[0039] FIG.19isaplan view illustrating the rough configu-
ration of a module that includes the display device according
to one of the above embodiments;

[0040] FIG. 20 is a perspective view illustrating the appear-
ance of application example 1 according to one of the above
embodiments is applied;

[0041] FIG. 21A illustrates the appearance of application
example 2 as seen from the front, and FIG. 21B illustrates the
appearance thereof as seen from the rear;

[0042] FIG. 22 is aperspective view illustrating the appear-
ance of application example 3;

[0043] FIG. 23 is a perspective view illustrating the appear-
ance of application example 4;

[0044] FIG. 24A is a front view of application example in
an open position, FIG. 24B is a side view thereof, F1G. 24C is
a front view in a closed position, FIG. 24D is a left side view,
FIG. 24E is aright side view, FIG. 24F is a top view, and FIG.
24G is a bottom view;

[0045] FIG. 25 is a diagram illustrating the problem with
the use of four colors;

[0046] FIG. 26 is a diagram illustrating a first example of
two-dimensional arrangement of organic EL elements when
four colors are used;

[0047] FIG. 27 is a diagram illustrating a second example
of two-dimensional arrangement of organic EL elements
when four colors are used;

[0048] FIG. 28 is a diagram illustrating a third example of
two-dimensional arrangement of organic EL elements when
four colors are used;

[0049] FIG. 29 is a diagram illustrating a fourth example of
two-dimensional arrangement of organic EL elements when
four colors are used; and

[0050] FIG. 30 is a diagram illustrating a fifth example of
two-dimensional arrangement of organic EL elements when
four colors are used.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0051] A detailed description will be given below of the
preferred embodiments of the present disclosure with refer-
ence to the accompanying drawings. It should be noted that
the description will be given in the following order.

1. First embodiment (example in which the red and green
light-emitting layers are formed by a coating method and the
blue light-emitting layer is formed by a vapor deposition
method as a common layer)

2.Second embodiment (example in which the blue hole trans-
port layer is formed with a low molecular weight material)
3. Third embodiment (example in which the red and green
light-emitting layers include a low molecular weight mate-
rial)

4. Fourth embodiment (example in which the second hole
injection/transport layer is provided on the red and green
light-emitting layers and the blue hole transport layer)

5. Fifthembodiment (example in which no blue hole transport
layer is provided and a second hole injection/transport layer is
provided on or above the blue hole injection layer)

6. Application examples

7. Modification examples (when four colors are used)

First Embodiment

[0052] FIG. 1 is a diagram illustrating the configuration of
an organic EL display device according to a first embodiment
of the present disclosure. This organic EL display device is
used, for example, in an organic EL television set. The
organic EL display device has, for example, a plurality of red,
green and blue organic EL elements 10R, 10G and 10B
arranged in a matrix form as a display region 110 on a sub-
strate 11. The red, green and blue organic EL elements 10R,
10G and 10B will be described later. A signal line drive circuit
120 and scan line drive circuit 130, i.e., video display drivers,
are provided around the display region 110.

[0053] Pixel drive circuits 140 are provided in the display
region 110. FIG. 2 is a diagram illustrating an example of the
pixel drive circuit 140 shown in FIG. 1. The same circuit 140
is an active drive circuit formed under the lower electrode 14.
That is, the pixel drive circuit 140 includes a drive transistor
Trl, write transistor Tr2, capacitor (holding capacitor) Cs and
red organic EL element 10R (or green or blue organic EL
element 10G or 10B). The capacitor Cs is provided between
the drive transistor Trl and write transistor Tr2. The red
organic EL element 10R is connected in series to the drive
transistor Trl between a first power supply line (Vcc) and
second power supply line (GND). Each of the drive transistor
Trl and write transistor Tr2 includes an ordinary thin film
transistor (TFT). These transistors are not specifically limited
in structure and may have an inverted staggered (so-called
bottom gate) structure or staggered (top gate) structure.
[0054] In the pixel drive circuit 140, a plurality of signal
lines 120A are arranged in the column direction, and a plu-
rality of scan lines 130A are arranged in the row direction.
The intersection between one of the signal lines 120A and one
ofthe scan lines 130A is associated with one of the red, green
and blue organic EL elements 10R, 10G and 10B (subpixels).
Each of the signal lines 120A is connected to the signal line
drive circuit 120 so that an image signal is supplied to the
source electrode of the write transistor Tr2 from the signal
line drive circuit 120 via the signal line 120A. Each of the scan
lines 130A is connected to the scan line drive circuit 130 so
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that a scan signal is sequentially supplied to the gate electrode
of the write transistor Tr2 from the scan line drive circuit 130
via the scan line 130A.

[0055] Inthe display region 110, on the other hand, the red
organic EL elements 10R adapted to emit red light, the green
organic EL elements 10G adapted to emit green light and the
blue organic EL elements 10B adapted to emit blue light, are
arranged sequentially in a matrix form as a whole. It should be
noted that a combination of the red, green and blue organic EL,
elements 10R, 10G and 10B adjacent to each other makes up
apixel. Here, the blue organic EL element 10B corresponds to
a specific example of a “first organic EL. element” in the
present disclosure. Each of the red and green organic EL
elements 10R and 10G corresponds to a specific example of a
“second organic EL element” in the present disclosure.
[0056] FIG. 3 is a sectional view illustrating the configura-
tion of the display region 110 shown in FIG. 1. Each of the
red, green and blue organic EL elements 10R, 10G and 10B
includes the lower electrode 14 serving as an anode, a parti-
tion wall 15, organic layer 16 including a light-emitting layer
16C which will be described later, and an upper electrode 17
serving as a cathode that are stacked in this order from the side
of the substrate 11, with the above-described drive transistor
Trl of the pixel drive circuit 140 and a planarizing insulating
film (not shown) provided therebetween.

[0057] The red, green and blue organic EL elements 10R,
10G and 10B configured as described above are covered with
aprotective layer 20. Further, a sealing substrate 40 made, for
example, of glass is attached to the entire surface of the
protective film 20 for sealing purposes, with an adhesive layer
(not shown) made of a thermally or ultraviolet hardening
resin provided between the protective layer 20 and the sealing
substrate 40.

[0058] The substrate 11 is a support on which the red, green
and blue organic EL elements 10R, 10G and 10B are arranged
and formed. The substrate 11 may be of a well-known type,
and a film or sheet made of quartz, glass, metal foil or resin is
used. Of these materials, quartz or glass is preferred. In the
case of a resin, among resin materials that can be used are
methacrylic resins typified by polymethyl methacrylate
(PMMA), polyesters such as polyethylene terephthalate
(PET), polyethylene naphthalate (PEN) and polybutylene
naphthalate (PBN) and polycarbonate resins. However, it is
necessary for the substrate 11 to have a layered structure and
be surface treated in such a manner as to minimize the water
and gas permeability.

[0059] The lower electrode 14 is provided on the substrate
11 for each of the red, green and blue organic EL, elements
10R, 10G and 10B. The thickness of the lower electrode 14 is,
for example, 10 nm to 100 nm in the direction of stacking
(hereinafter simply referred to as thickness). Among the
materials that can be used are metal elements such as chro-
mium (Cr), gold (Au), platinum (Pt), nickel (Ni), copper (Cu),
tungsten (W) and silver (Ag) and their alloys. Further, the
lower electrode 14 may have a layered structure that includes
ametal film and a transparent conductive film. The metal film
is made of one of the above metal elements or their alloy. The
transparent conductive film is, for example, made of an alloy
of'indium and tin oxide (ITO), InZnO (indium zinc oxide) or
an alloy of zinc oxide (ZnO) and aluminum (Al). It should be
noted that if the lower electrode 14 is used as a cathode, it is
preferred that the lower electrode 14 should be made of a
material with high hole injection capability. It should be
noted, however, that those materials such as aluminum (Al)
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alloys having an oxide coating on the surface or other mate-
rials whose hole injection barrier caused by a small work
function is problematic can be used as the lower electrode 14
if a proper hole injection layer is provided.

[0060] The partition wall 15 is designed not only to ensure
insulation between the lower electrodes 14 and upper elec-
trode 17 but also to shape the light-emitting region into a
desired form. The partition wall 15 is also capable of serving
as a partition wall during coating by the ink jet or nozzle
printing method in the manufacturing process which will be
described later. The same wall 15 includes a lower partition
wall 15A and upper partition wall 15B. The upper partition
wall 15B is made of a photosensitive resin such as positive
photosensitive polybenzoxazole or positive photosensitive
polyimide and provided on the lower partition wall 15A made
ofan inorganic insulating material such as SiO,. The partition
wall 15 has an opening for the light-emitting region. It should
be noted that the organic layer 16 and upper electrode 17 may
be provided not only above the opening but also on or above
the partition wall 15. However, light emission takes place
only through the opening of the partition wall 15.

[0061] The organic layer 16 of the red organic EL element
10R includes, for example, a hole injection layer 16AR, hole
transport layer 16BR, red light-emitting layer 16CR, blue
light-emitting layer 16CB, electron transport layer 16E and
electron injection layer 16F that are stacked in this order from
the side of the lower electrode 14. The organic layer 16 of the
green organic EL element 10G includes, for example, a hole
injection layer 16 AG, hole transport layer 16BG, green light-
emitting layer 16CG, the blue light-emitting layer 16CB,
electron transport layer 16E and electron injection layer 16F
that are stacked in this order from the side of the lower
electrode 14. The organic layer 16 of the blue organic EL
element 10B includes, for example, a hole injection layer
16AB, hole transport layer 16BB, the blue light-emitting
layer 16CB, electron transport layer 16E and electron injec-
tion layer 16F that are stacked in this order from the side of the
lower electrode 14. Of these, the blue light-emitting layer
16CB, electron transport layer 16E and electron injection
layer 16F are provided as common layers to be shared among
the red, green and blue organic EL elements 10R, 10G and
10B.

[0062] The hole injection layers 16 AR, 16 AG and 16AB
are designed to provide improved hole injection efficiency
and serve also as buffer layers adapted to prevent leaks. The
same layers 16 AR, 16AG and 16AB are provided on the
lower electrodes 14 respectively for the red, green and blue
organic EL elements 10R, 10G and 10B.

[0063] The thickness of the hole injection layers 16AR,
16AG and 16AB should preferably be, for example, 5 nm to
100 nm, and more preferably be 8 nm to 50 nm. It is only
necessary to select the material of the hole injection layers
16AR, 16AG and 16AB as appropriate according to the rela-
tionship with the materials of the electrode and adjacent layer.
Among the materials that can be used as the hole injection
layers 16 AR, 16 AG and 16AB are polyaniline and its deriva-
tives, polythiophene and its derivatives, polypyrrole and its
derivatives, polyphenylene vinylene and its derivatives, poly-
ethylene vinylene and its derivatives, polyquinoline and its
derivatives, polyquinoxaline and its derivatives, conductive
high molecular weight compounds such as polymers includ-
ing an aromatic amine structure in the main or side chain,
metal phthalocyanines (e.g., copper phthalocyanine) and car-
bon.
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[0064] If a high molecular weight material is used as the
hole injection layers 16AR, 16AG and 16AB, the weight-
average molecular weight (Mw) thereof should preferably be
about 2000 to 10000 for an oligomer or 10000 to 300000, and
should particularly preferably be about 5000 to 200000. Ifthe
Mw is less than 5000, the hole injection layer is likely to
dissolve during the formation of the hole transport layer and
other overlying layers. On the other hand, if the Mw is greater
than 300000, the material is likely to gel, thus making the film
formation difficult.

[0065] Among the typical conductive high molecular
weight compounds used as the hole injection layers 16AR,
16AG and 16AB are polyaniline, oligoaniline and polydiox-
ythiophenes such as poly(3,4-ethylenedioxythiophene) (PE-
DOT). These compounds include a polymer in the name of
Nafion (trademark) and another in a dissolved form in the
name of Liquion (trademark) commercially available from
H.C. Starck, ELSOURCE from Nissan Chemical Industries
and Verazol (trademark), a conductive polymer from Soken
Chemical and Engineering.

[0066] The hole transport layers 16BR, 16BG and 16BB
are designed to provide improved efficiency in transporting
holes respectively to the red, green and blue light-emitting
layers 16CR, 16CG and 16CB. The same layers 16BR, 16BG
and 16BB are provided respectively on the hole injection
layers 16AR, 16 AG and 16AB respectively for the red, green
and blue organic EL elements 10R, 10G and 10B.

[0067] Although depending on the overall configuration of
the elements, the thickness of the hole transport layers 16BR,
16BG and 16BB should preferably be, for example, 10 nm to
200 nm, and more preferably be 15 nm to 150 nm. Among the
high molecular weight materials that can be used as the hole
transport layers 16BR, 16BG and 16BB are light-emitting
materials that can be dissolved in an organic solvent such as
polyvinylcarbazole and its derivatives, polyfluorene and its
derivatives, polyaniline and its derivatives, polysilane and its
derivatives, polysiloxane derivatives having an aromatic
amine structure in the side or main chain, polythiophene and
its derivatives and polypyrrole.

[0068] The weight-average molecular weight (Mw) of a
high molecular weight material should preferably be about
50000 to 300000, and should particularly preferably be
100000 to 200000. If the Mw is less than 50000, low molecu-
lar weight components fall out of the high molecular weight
material when the light-emitting layers are formed, thus
resulting in dots in the hole injection/transport layers. This
may lead to reduced initial performance of the organic EL
elements or deterioration thereof. On the other hand, if the
Mw is greater than 300000, the material is likely to gel, thus
making the film formation difficult.

[0069] It should be noted that the weight-average molecu-
lar weight (Mw) is a polystyrene-equivalent weight-average
molecular weight found by gel permeation chromatography
(GPC) using tetrahydrofuran as a solvent.

[0070] When an electric field is applied to the red and green
light-emitting layers 16CR and 16CG, the electrons and holes
recombine, thus emitting light. The thickness of the red and
green light-emitting layers 16CR and 16CG should prefer-
ably be, for example, 10 nm to 200 nm, and more preferably
be 15 nm to 150 nm. Among the materials that can be used as
the same layers 16CR and 16CG are polyfluorene-based high
molecular weight derivatives, (poly)paraphenylene vinylene
derivatives, polyphenylene derivatives, polyvinylcarbazole
derivatives, polythiophene derivatives, perylene-based dyes,
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coumarin-based dyes, rhodamine-based dyes and any of the
above high molecular weight compounds doped with an
organic EL material. For example, the high molecular weight
compound can be doped with rubrene, perylene, 9,10-diphe-
nylanthracene, tetraphenylbutadiene, nile red or coumarin 6.
[0071] When an electric field is applied to the blue light-
emitting layer 16CB, the electrons and holes recombine, thus
emitting light. The blue light-emitting layer 16CB is provided
over the entire surfaces of the red and green light-emitting
layers 16CR and 16CG and the hole transport layer 16BB of
the blue organic EL element 10B as a common layer. The blue
light-emitting layer 16CB is formed by doping an anthracene
compound, i.e., a host material, with a guest material made of
an organic light-emitting material such as blue or green low
molecular weight fluorescent dye, phosphorescent dye or
metal complex, thus emitting blue or green light.

[0072] The electron transport layer 16E is designed to pro-
vide improved efficiency in transporting electrons to the red,
green and blue light-emitting layers 16CR, 16CG and 16CB.
The same layer 16E is provided over the entire surface of the
blue light-emitting layer 16CB as a common layer. Among
the materials that can be used as the electron transport layer
16E are quinolone, perylene, phenanthroline, bisstyryl, pyra-
dine, triazole, oxazole, fullerene, oxadiazole, fluorenone, and
their derivatives and metal complexes. More specifically,
among the above materials are tris(8-hydroxyquinoline) alu-
minum (abbreviated as Alqs), anthracene, perylene, butadi-
ene, coumarin, C60, acridine, stilbene, 1,10-phenanthroline
and their derivatives and metal complexes.

[0073] The electron injection layer 16F is designed to pro-
vide improved electron injection efficiency and provided over
the entire surface of the electron transport layer 16E as a
common layer. Among the materials that can be used as the
electron injection layer 16F are lithium oxide (Li,0), i.e., an
oxide of lithium (Li), cesium carbonate (Cs,CO,), i.e., a
complex oxide of cesium (Cs), and mixtures of the oxide and
complex oxide. On the other hand, the material of the electron
injection layer 16F is not limited to the above. Instead, alka-
line earth metals such as calcium (Ca) and barium (Ba),
alkaline metals such as lithium and cesium, metals with low
work function such as indium (In) and magnesium (Mg),
oxides, complex oxides and fluorides of these metals may be
used alone or as a mixture or alloy for improved stability.
[0074] The upper electrode 17 is, for example, 3 nm to 8 nm
in thickness and made of a metal conductive film. More
specifically, among the materials that can be used as the upper
electrode 17 are aluminum (Al), magnesium (Mg), calcium
(Ca) and sodium (Na) alloys. Of these, magnesium-silver
alloy (Mg—Ag alloy) is preferred for its conductivity in a thin
film form and low absorbance. The ratio of magnesium and
silver in Mg—Ag alloy is not specifically limited. However, it
is preferred that the thickness ratio between Mg and Ag
should fall within the range from 20:1 to 1:1. Further, alumi-
num (Al)-lithium (Li) alloy (Al—Li alloy) may be used as the
upper electrode 17.

[0075] Still further, the upper electrode 17 may be a layer
made of a mixture including an organic light-emitting mate-
rial such as almiquinoline complexe, styrylamine derivative
or phthalocyanine derivative. In this case, a layer having light
transmittance may be separately provided as a third layer. It
should be noted that, in the case of an active matrix driven
display device, the upper electrode 17 is formed in the form of
a solid film above the substrate 11 in such a manner that the
same electrode 17 is insulated from the lower electrode 14 by
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the organic layer 16 and partition wall 15. The upper electrode
17 is provided as a common layer to be shared among the red,
green and blue organic EL elements 10R, 10G and 10B.
[0076] The protective layer 20 is, for example, 2 to 3 pm in
thickness and may be made of an insulating or conductive
material. As insulating materials, inorganic amorphous insu-
lating materials such as amorphous silicon (a.-Si), amorphous
silicon carbide (a-SiC), amorphous silicon nitride (a-Si;_
xN,) and amorphous carbon (a-C) are preferred. These inor-
ganic amorphous insulating materials do not form grains, thus
making them suitable for use as a protective film.

[0077] The sealing substrate 40 is located on the side of the
upper electrode 17 of the red, green and blue organic EL
elements 10R, 10G and 10B. The same substrate 40 is
designed to seal the red, green and blue organic EL elements
10R, 10G and 10B together with the adhesive layer (not
shown). The sealing substrate 40 is made of a material such as
glass transparent to light emitted by the red, green and blue
organic EL elements 10R, 10G and 10B. A color filter and a
light-shielding film serving as a black matrix (both not
shown) are, for example, provided on the sealing substrate 40
to extract light emitted by the red, green and blue organic EL
elements 10R, 10G and 10B and absorb external light
reflected by the red, green and blue organic EL elements 10R,
10G and 10B and interconnects provided between the same
elements 10R, 10G and 10B, thus providing improved con-
trast.

[0078] The color filter includes red, green and blue filters
(all not shown) that are sequentially arranged to match the
positions of the red, green and blue organic EL elements 10R,
10G and 10B. The red, green and blue filters are each formed,
for example, to be rectangular in shape with no space ther-
ebetween. These red, green and blue filters are made of aresin
mixed with a pigment. The filters have been adjusted to offer
high light transmittance in the intended red, green or blue
range of wavelengths and low light transmittance in the other
ranges of wavelengths by selecting a proper pigment.

[0079] The light-shielding film is made of a black resin film
mixed with a black coloring agent and having an optical
density of 1 or more or a thin film filter that relies on thin film
interference. The light-shielding film should preferably be
made of a black resin film because this makes it easy to form
the light-shielding film at low cost. A thin film filter includes
one or more layers of thin films, each made of a metal, metal
nitride or metal oxide, stacked one on top of another, and is
designed to attenuate light by means of thin film interference.
An example of a thin film filter includes chromium and chro-
mium oxide (IIT)(Cr,O,) that are stacked alternately one on
top of another.

[0080] FIGS. 4 to 9 illustrate first to sixth examples of
arrangement of the red, green and blue organic EL elements
10R, 10G and 10B. The organic EL display device 1 includes
a plurality of pixels 10 that are arranged in a matrix form.
Each of the pixels 10 is, for example, square in planar shape
and includes at least the one organic EL element 10B and also
the one red organic EL element 10R and one green organic EL,
element 10G.

[0081] The red, green and blue organic EL elements 10R,
10G and 10B are included in each of all the pixels 10 and
arranged in the same manner. Each of the red and green
organic EL. elements 10R and 10G is adjacent to the blue
organic EL elements 10B in the same or adjacent pixel at least
on its two sides opposed to each other. This allows for the
organic EL display device 1 to ensure improved uniformity or
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symmetry in the thickness of the organic layer 16 of the red
and green organic EL elements 10R and 10G.

[0082] In the first example shown in FIG. 4 and second
example shown in FIG. 5, for example, the red, green and blue
organic EL elements 10R, 10G and 10B are long, narrow and
rectangular (strip) in planar shape. The red and green organic
EL elements 10R and 10G are arranged equidistantly in the
direction parallel to the short sides of the rectangles. The blue
organic EL element 10B is arranged between the red and
green organic EL elements 10R and 10G. In this case, each of
the red and green organic EL elements 10R and 10G is adja-
cent to the blue organic EL elements 10B in the same or
adjacent pixel 10 on its two long sides.

[0083] In the third example shown in FIG. 6, the red and
green organic EL elements 10R and 10G are arranged each at
one of the two corners on a diagonal line in each of the pixels
10 (so-called staggered arrangement). That is, the red and
green organic EL elements 10R and 10G are rectangular (e.g.,
square) in planar shape and positioned diagonally relative to
each other on the same diagonal line. The blue organic EL
elements 10B are rectangular (e.g., square) in planar shape
and arranged in regions (top right and bottom left corners in
the pixels 10) other than those of the red and green organic EL
elements 10R and 10G. In this case, each of the red and green
organic EL elements 10R and 10G is adjacent to the blue
organic EL elements 10B in the same or adjacent pixel 10 on
its all four sides.

[0084] In the fourth example shown in FIG. 7 and fifth
example shown in FIG. 8 and sixth example shown in FIG. 9,
the red and green organic EL elements 10R and 10G are
arranged in one direction (linearly). That is, the same ele-
ments 10R and 10G are rectangular (e.g., square) in planar
shape and arranged side by side (red organic EL element 10R
at the top left corner and the green organic EL element 10G at
the top right corner in the pixels 10). The blue organic EL
elements 10B are arranged in regions (bottom left and bottom
right corners in the pixels 10) other than those of the red and
green organic EL elements 10R and 10G. In this case, each of
the red and green organic EL elements 10R and 10G is adja-
cent to the blue organic EL elements 10B in the same or
adjacent pixel 10 on its upper and lower sides.

[0085] The blue organic EL elements 10B may be the same
in planar shape (e.g., square) as the red and green organic EL
elements 10R and 10G as in the fourth example shown in FIG.
7. Alternatively, the blue organic EL elements 10B may be
long, narrow and rectangular in shape that is as long as the red
and green organic EL elements 10R and 10G combined as in
the fifth example shown in FIG. 8 and sixth example shown in
FIG. 9.

[0086] It is preferred in any of the first to sixth examples
that the red and green organic EL elements 10R and 10G
should be identical in area. If the same elements 10R and 10G
are identical in area and if the same amount of ink is used for
printing, the drying time will be the same for the same ele-
ments 10R and 10G, thus providing uniform film thickness
distribution for the same elements 10R and 10G.

[0087] On the other hand, it is not always necessary for the
blue organic EL element 10B to be identical in area to the red
and green organic EL elements 10R and 10G. For example,
there is a case in which the blue organic EL element 10B is
designed to be larger in area than the red and green organic EL
elements 10R and 10G because the blue organic EL element
10B has a shorter light emission life than the red and green
organic ELL elements 10R and 10G. Therefore, the red and
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green organic EL elements 10R and 10G may differ in area
from the blue organic EL element 10B. In the examples other
than the third example shown in FIG. 6, the area of the blue
organic EL element 10B can be designed as desired.

[0088] In the first example shown in FIG. 4, for example,
the red, green and blue organic EL elements 10R, 10G and
10B are equal in length of the short sides. In contrast, in the
second example shown in FIG. 5, the short sides of each of the
blue organic EL elements 10B are shorter than those of each
of the red and green organic EL elements 10R and 10G.
Further, the area of each of the blue organic EL elements 10B
is smaller than that of each of the red and green organic EL
elements 10R and 10G. As a result, the area of the red organic
EL element 10R, that of the green organic EL element 10G
and that of the two blue organic EL elements 10B combined
are roughly equal.

[0089] In the fifth example shown in FIG. 8, on the other
hand, the length of the short side of the blue organic EL
element 10B is equal to the length of one side of each of the
red and green organic EL elements 10R and 10G. In contrast,
in the sixth example shown in FIG. 9, the short side of the blue
organic EL element 10B is shorter than one side of each of the
red and green organic EL elements 10R and 10G. As a result,
the areas of the red, green and blue organic EL elements 10R,
10G and 10B are roughly equal as in the second example.
[0090] It is needless to say that the red, green and blue
organic EL elements 10R, 10G and 10B can also be arranged
in manners other than those in the first to sixth examples.
[0091] This organic EL display device can be manufac-
tured, for example, in the following manner.

[0092] FIG. 10 is a diagram illustrating the flow of the
manufacturing method of this organic EL display device.
FIGS. 11A to 11H illustrate the manufacturing method shown
in FIG. 10 in the order of execution of the process steps. First,
the pixel drive circuits 140, each including the drive transistor
Trl, are formed on the substrate 11 made of the material
described above. Then, a planarizing insulating film (not
shown) made, for example, of a photosensitive resin is pro-
vided.

(Step of Forming the Lower Electrodes 14)

[0093] Next, a transparent conductive film made, for
example, of ITO is formed over the entire surface of the
substrate 11 and patterned, thus forming the lower electrodes
14, one each for each of the red, green and blue organic EL.
elements 10R, 10G and 10B as illustrated in FIG. 11A (step
S101). At this time, the lower electrodes 14 are brought into
continuity with the drain electrodes of the drive transistors
Trl via contact holes (not shown) of the planarizing insulat-
ing film (not shown).

(Step of Forming the Partition Wall 15)

[0094] Next, as illustrated in FIG. 11A, an inorganic insu-
lating film made, for example, of SiO2 is formed by CVD
(Chemical Vapor Deposition) on the lower electrodes 14 and
planarizing insulating film (not shown) and patterned by pho-
tolithography and etching, thus forming the lower partition
walls 15A.

[0095] Then, as illustrated in FIG. 11A, the upper partition
walls 15B made of the above-described photosensitive mate-
rial are formed at predetermined positions of the lower parti-
tion walls 15A, and more specifically, at the positions sur-
rounding the light-emitting regions of the pixels. This allows
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for the partition wall 15 including the upper and lower parti-
tion walls 15A and 15B to be formed (step S102).

[0096] After the formation of the partition wall 15, the side
of the substrate 11 on which the lower electrodes 14 and
partition wall 15 are formed is oxygen plasma treated, thus
removing the contaminants such as organic substances from
the surface and providing improved wettability. More specifi-
cally, the substrate 11 is heated to a predetermined tempera-
ture such as about 70 to 80° C. and plasma treated (O, plasma
treatment) using oxygen as a reactant gas under the atmo-
spheric pressure.

(Step of Performing Water Repellent Treatment)

[0097] Theplasma treatment is followed by the water repel-
lent treatment (liquid repellent treatment) (step S103), thus
providing reduced wettability of the top and side surfaces of
the upper partition walls 15B in particular. More specifically,
plasma treatment (CF4 plasma treatment) is performed using
tetrafluoromethane as a reactant gas under the atmospheric
pressure, followed by cooling of the substrate 11 that has been
heated for the plasma treatment, thus making the top and side
surfaces of the upper partition walls 15B liquid-repellent and
reducing the wettability thereof.

[0098] It should be noted that the exposed surfaces of the
lower electrodes 14 and the lower partition walls 15 are more
or less affected by this CF,, plasma treatment. However, ITO
of which the lower electrodes 14 are made and SiO2 of which
the lower partition walls 15 are made lack affinity for fluorine.
Therefore, the surfaces whose wettability has been improved
by the oxygen plasma treatment retain their wettability intact.

(Step of Forming the Hole Injection Layers 16 AR, 16 AG and
16AB)

[0099] After the water repellent treatment, the hole injec-
tion layers 16 AR, 16AG and 16AB made of the above-de-
scribed material are each formed in the region surrounded by
the upper partition walls 15B as illustrated in FIG. 11B (step
S104). These hole injection layers 16AR, 16AG and 16AB
are formed by a coating method such as ink jet, nozzle print-
ing, letterpress printing, gravure printing or reverse offset
printing. In particular, because it is necessary to selectively
place the material forming the hole injection layers 16AR,
16AG and 16AB in the regions surrounded by the upper
partition walls 15B, the ink jet method or nozzle printing
method, each of which is a drop discharge method, should
preferably be used.

[0100] More specifically, the solution or dispersed liquid of
the material forming the hole injection layers 16 AR, 16AG
and 16AB such as polyaniline or polythiophene is placed on
the exposed surfaces of the lower electrodes 14, for example,
by the ink jet method. Then, the solution or dispersed liquid is
heated (dried), thus forming the hole injection layers 16 AR,
16AG and 16AB.

[0101] During the heat treatment, the solvent or dispersion
medium is dried and then heated to high temperatures. If a
conductive high molecular weight compound such as polya-
niline or polythiophene is used, air or oxygen atmosphere is
preferred. The reason for this is that conductivity is more
likely to manifest itself as a result of the oxidation of the
conductive high molecular weight compound by oxygen.
[0102] The heating temperature should preferably be 150°
C. to 300° C., and more preferably be 180° C. to 250° C.
Although depending on the temperature and atmosphere, the
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heating time should preferably be 5 to 300 minutes and more
preferably be 10 to 240 minutes. The film thickness after the
drying should preferably be 5 nm to 100 nm, and more pref-
erably be 8 nm to 50 nm.

(Step of Forming the Hole Transport Layers 16BR, 16BG and
16BB)

[0103] After the formation of the hole injection layers
16AR, 16AG and 16AB, the hole transport layers 16BR,
16BG and 16BB made of the above-described high molecular
weight compound are formed respectively on the hole injec-
tion layers 16 AR, 16AG and 16AB respectively for the red,
green and blue organic EL elements 10R, 10G and 10B as
illustrated in FIG. 11C (step S105). These hole transport
layers 16BR, 16BG and 16BB are formed by a coating
method such as ink jet, nozzle printing, letterpress printing,
gravure printing or reverse offset printing. In particular,
because it is necessary to selectively place the material form-
ing the hole transport layers 16BR, 16BG and 16BB in the
regions surrounded by the upper partition walls 15B, the ink
jet method or nozzle printing method, each of which is a drop
discharge method, should preferably be used.

[0104] More specifically, the solution or dispersed liquid of
the material forming the hole transport layers 16BR, 16BG
and 16BB is placed on the exposed surfaces of the hole
injection layers 16 AR, 16 AG and 16AB, for example, by the
ink jet method. Then, the solution or dispersed liquid is heated
(dried), thus forming the hole transport layers 16BR, 16BG
and 16BB.

[0105] During the heat treatment, the solvent or dispersion
medium is dried and then heated to high temperatures. It is
preferred that the atmosphere or solvent to be applied should
be heated in an atmosphere whose chief component is nitro-
gen (N,). The presence of oxygen or moisture may lead to
reduced light emission efficiency or life of the manufactured
organic EL display device. Oxygen and moisture have sig-
nificant impact on the heating process in particular. There-
fore, caution is necessary. The oxygen concentration should
preferably be 0.1 ppm to 100 ppm and more preferably be 50
ppm or less. If the oxygen concentration is greater than 100
ppm, the interfaces between the formed thin films may be
contaminated, possibly resulting in reduced light emission
efficiency or life of the obtained organic EL display device.
On the other hand, the oxygen concentration of less than 0.1
ppm is not problematic in terms of the element characteris-
tics. In the currently available volume production process,
however, the equipment cost adapted to maintain the oxygen
concentration at less than 0.1 ppm may become excessive.
[0106] As for moisture, on the other hand, the dew point
should preferably be —80° C. to -40° C., more preferably be
-50° C. or less, and still more preferably be -60° C. or less. If
moisture having a dew point higher than —40° C. is present,
the interfaces between the formed thin films may be contami-
nated, possibly resulting in reduced light emission efficiency
or life of the obtained organic EL display device. On the other
hand, moisture having a dew point of less than —80° C. is not
problematic in terms of the element characteristics. In the
currently available volume production process, however, the
equipment cost adapted to maintain the moisture dew point at
less than -80° C. may become excessive.

[0107] The heating temperature should preferably be 100°
C. t0230° C., and more preferably be 100° C. to 200° C. It is
preferred that the heating temperature should be at least lower
than the temperature at which the hole injection layers 16 AR,
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16AG and 16AB were formed. Although depending on the
temperature and atmosphere, the heating time should prefer-
ably be 5 to 300 minutes and more preferably be 10 to 240
minutes. The film thickness after the drying should preferably
be 10 nm to 200 nm, and more preferably be 15 nm to 150 nm.

(Step of Forming the Red and Green Light-Emitting Layers
16CR and 16CG)

[0108] After the formation of the hole transport layers
16BR, 16BG and 16BB, the red light-emitting layer 16CR
made of the above-described high molecular weight com-
pound is formed on the hole transport layer 16BR of the red
organic ELL element. Further, the green light-emitting layer
16CG made of the above-described high molecular weight
compound is formed on the hole transport layer 16BG of the
green organic EL element (step S106). The red and green
light-emitting layers 16CR and 16 CG are formed by a coating
method such as ink jet, nozzle printing, letterpress printing,
gravure printing or reverse offset printing. In particular,
because it is necessary to selectively place the material form-
ing the red and green light-emitting layers 16CR and 16CG in
the regions surrounded by the upper partition walls 15B, the
ink jet method or nozzle printing method, each of which is a
drop discharge method, should preferably be used.

[0109] More specifically, the solution or dispersed liquid of
the material forming the red and green light-emitting layers
16CR and 16CG such as a high molecular weight polymer is
placed on the exposed surfaces of the hole transport layers
16BR and 16BG, for example, by the ink jet method. Then,
the solution or dispersed liquid is heated (dried), thus forming
the red and green light-emitting layers 16CR and 16CG.
[0110] During the heat treatment, the solvent or dispersion
medium is dried and then heated to high temperatures. It is
preferred that the atmosphere or solvent to be applied should
be heated in an atmosphere whose chief component is nitro-
gen (N,). The presence of oxygen or moisture may lead to
reduced light emission efficiency or life of the manufactured
organic EL display device. Oxygen and moisture have sig-
nificant impact on the heating process in particular. There-
fore, caution is necessary. The oxygen concentration should
preferably be 0.1 ppm to 100 ppm and more preferably be 50
ppm or less. If the oxygen concentration is greater than 100
ppm, the interfaces between the formed thin films may be
contaminated, possibly resulting in reduced light emission
efficiency or life of the obtained organic EL display device.
On the other hand, the oxygen concentration of less than 0.1
ppm is not problematic in terms of the element characteris-
tics. In the currently available volume production process,
however, the equipment cost adapted to maintain the oxygen
concentration at less than 0.1 ppm may become excessive.
[0111] As for moisture, on the other hand, the dew point
should preferably be —80° C. to —-40° C., more preferably be
-50° C. or less, and still more preferably be -60° C. or less. If
moisture having a dew point higher than —40° C. is present,
the interfaces between the formed thin films may be contami-
nated, possibly resulting in reduced light emission efficiency
or life of the obtained organic EL display device. On the other
hand, moisture having a dew point of less than -80° C. is not
problematic in terms of the element characteristics. In the
currently available volume production process, however, the
equipment cost adapted to maintain the moisture dew point at
less than —80° C. may become excessive.

[0112] The heating temperature should preferably be 100°
C. to 230° C., and more preferably be 100° C. to 200° C. It is
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preferred that the heating temperature should be at least lower
than the temperature at which the hole injection layers 16 AR,
16AG and 16AB were formed. Although depending on the
temperature and atmosphere, the heating time should prefer-
ably be 5 to 300 minutes and more preferably be 10 to 240
minutes. Although depending on the overall element struc-
ture, the film thickness after the drying should preferably be
10 nm to 200 nm, and more preferably be 15 nm to 150 nm.
[0113] Here, each of the red and green organic EL elements
10R and 10G is adjacent to the blue organic EL elements 10B
in the same or adjacent pixel 10 at least on its two sides
opposed to each other. This suppresses non-uniform drying
speed of the applied solution on the sides adjacent to the blue
organic EL elements 10B, thus providing reduced imbalance
in thickness of the red and green light-emitting layers 16CR
and 16CG after drying. Therefore, improved uniformity or
symmetry can be achieved in the thickness of the red and
green light-emitting layers 16CR and 16CG.

[0114] In the first example shown in FIG. 4 and second
example shown in FIG. 5, for example, the blue organic EL.
element 10B in a strip form is arranged between the red and
green organic EL elements 10R and 10G. Each of the red and
green organic EL elements 10R and 10G is adjacent to the
blue organic EL elements 10B in the same or adjacent pixel on
its two long sides. This suppresses non-uniform drying speed
of'the applied solution on the long sides of each of the red and
green organic EL elements 10R and 10G, thus providing
reduced imbalance in thickness of the red and green light-
emitting layers 16CR and 16CG after drying. Therefore,
improved uniformity or symmetry can be achieved in the
horizontal (direction parallel to the short sides) film thickness
distribution in FIG. 4 or 5.

[0115] In the third example shown in FIG. 6, the red and
green organic EL elements 10R and 10G are arranged in a
staggered fashion. Each of the red and green organic EL
elements 10R and 10G is adjacent to the blue organic EL
elements 10B in the same or adjacent pixel 10 on its all four
sides. This suppresses non-uniform drying speed of the
applied solution on all the four sides of each of the red and
green organic EL elements 10R and 10G, thus providing
reduced imbalance in thickness of the red and green light-
emitting layers 16CR and 16CG after drying. Therefore,
improved uniformity or symmetry can be achieved in not only
the horizontal but also vertical film thickness distributions in
FIG. 6, thus making this arrangement the most advantageous
of all.

[0116] In the fourth example shown in FIG. 7 and fifth
example shown in FIG. 8 and sixth example shown in FIG. 9,
the red and green organic EL elements 10R and 10G are
arranged in one direction. Each of the red and green organic
EL elements 10R and 10G is adjacent to the blue organic EL.
elements 10B in the same or adjacent pixel 10 on its upper and
lower sides. This suppresses non-uniform drying speed of the
applied solution on the upper and lower sides of each of the
red and green organic EL elements 10R and 10G, thus pro-
viding reduced imbalance in thickness of the red and green
light-emitting layers 16CR and 16CG after drying. Therefore,
improved uniformity or symmetry can be achieved in the
vertical film thickness distribution in FIG. 7 or 8.

[0117] Incontrast, red, green and blue organic EL elements
810R, 810G and 810B have been hitherto arranged in this
order as illustrated in FIG. 12A. Therefore, the drying speed
of the applied solution is high on the sides of red and green
light-emitting layers 816CR and 816CG adjacent to the blue
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organic EL element 810B, thus drawing the undried ink to the
dried ink because of the so-called coffee stain phenomenon.
This leads to thickening of the sides adjacent to the blue
organic EL elements 810B, thus resulting in poor uniformity
or symmetry in the film thickness distribution. The term “cot-
fee stain phenomenon” refers to a phenomenon in which the
liquid film that has spread across the substrate evaporates
more at its outer edge or periphery than any other regions. In
order to make up for the loss, the liquid flows toward the
periphery, thus forming a film with a swelling periphery after
the drying. It should be noted that, in FIGS. 12A to 12B, the
same components as those in FIGS. 11D to 11E are desig-
nated by reference numerals in the 800 series.

[0118] A possible countermeasure to avoid this situation
would be to apply only the solvent to the blue organic EL
element 810B so as to even out the drying speed. However, it
is necessary to increase the number of heads of the coater,
thus resulting in increased cost.

[0119] On the other hand, the blue organic EL element
810B has a shorter light emission life than the red and green
organic EL elements 810R and 810G because of the material
problem. Therefore, it is necessary for the blue organic EL
element 810B to be larger in area than the red and green
organic EL elements 810R and 810G for longer service life.
In this case, however, uneven drying is more likely, thus
resulting in uneven film thickness caused by the coffee stain
phenomenon described with reference to FIG. 12B.

(Step of Forming the Blue Light-Emitting Layer 16CB)

[0120] After the formation of the hole transport layer 16BB
of the blue organic ELL element 10B and the red and green
light-emitting layers 16 CR and 16CG, the blue light-emitting
layer 16CB made of the above-described low molecular
weight material is formed over the entire surfaces of the red
and green light-emitting layers 16CR and 16CG and the hole
transport layer 16BB of the blue organic EL element 10B by
a vapor deposition method as illustrated in FIG. 11E (step
S109).

(Step of Forming the Electron Transport Layer 16E, Electron
Injection Layer 16F and the Upper Electrode 17)

[0121] After the formation of the blue light-emitting layer
16CB, the electron transport layer 16E, electron injection
layer 16F and upper electrode 17 made of the above-de-
scribed materials are formed over the entire surface of the
blue light-emitting layer 16 CB by a vapor deposition method
as illustrated in FIGS. 11F to 11H (steps S110 to S112).
[0122] After the formation of the upper electrode 17, the
protective layer 20 is formed by a film forming method such
as vapor deposition or CVD in which the energy of the par-
ticles of the formed film is small to the extent that the under-
lying layers are not adversely affected. For example, if the
protective layer 20 made of amorphous silicon nitride is
formed, the same layer 20 is formed to the thickness of 2 to 3
um by CVD. At this time, it is preferred to set the film forming
temperature of the protective layer 20 at room temperature so
as to prevent the reduction of luminance due to the deterio-
ration of the organic layer 16. It is also preferred to form the
protective layer 20 under the conditions that provide the
smallest possible stress on the film so as to prevent the peeling
of the protective layer 20.

[0123] The blue light-emitting layer 16CB, electron trans-
port layer 16E, electron injection layer 16F, upper electrode
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17 and protective layer 20 are each formed over the entire
surface in the form of a solid film without using any mask.
Further, the blue light-emitting layer 16CB, electron transport
layer 16E, electron injection layer 16F, upper electrode 17
and protective layer 20 are desirably formed successively in
the same film forming equipment without being exposed to
the atmosphere. This prevents the deterioration of the organic
layer 16 caused by moisture in the atmosphere.

[0124] Tt should be noted that if an auxiliary electrode (not
shown) is formed in the same process step as for the lower
electrodes 14, the organic layer 16 formed in the form of a
solid film on the auxiliary electrode may be removed by laser
abrasion or other technique before forming the upper elec-
trode 17. This allows for the upper electrode 17 to be directly
connected to the auxiliary electrode, thus providing improved
contact.

[0125] After the formation of the protective layer 20, a
light-shielding film made of the above-described material is,
for example, formed on the sealing substrate 40 made of the
above-described material. Next, the material of a red filter
(not shown) is applied to the sealing substrate 40, for
example, by spin coating. Next, blue and green filters (not
shown) are sequentially formed in the same manner as for the
red filter (not shown).

[0126] Then, an adhesive layer (not shown) is formed on
the protective layer 20. Finally, the sealing substrate 40 is
attached to the protective film 20 with the adhesive layer
sandwiched therebetween. This completes the display device
shown in FIGS. 1 to 3.

[0127] In this organic EL display device, a scan signal is
supplied to each pixel from the scan line drive circuit 130 via
the gate electrode of the write transistor Tr2. Further, a pixel
signal supplied from the signal line drive circuit 120 via the
write transistor Tr2 is held by the holding capacitor Cs. That
is, the drive transistor Trl is controlled to turn ON or OFF
according to the signal held by the holding capacitor Cs, thus
injecting a drive current Id into the red, green and blue organic
EL elements 10R, 10G and 10B and allowing the holes and
electrons to recombine for light emission. This light transmits
through the lower electrodes 14 and substrate 11 before being
extracted when the organic EL display device is a bottom
emission type. The light transmits through the upper elec-
trode 17, color filter (not shown) and sealing substrate 40
before being extracted when the organic EL display device is
a top emission type.

[0128] At this time, the red light-emitting layer 16CR and
blue light-emitting layer 16CB are provided in the red organic
EL element 10R. In the same element 10R, energy transfer
occurs in red, the color at the lowest energy level, thus making
the red light emission predominant. The green and blue light-
emitting layers 16CG and 16CB are provided in the green
organic EL element 10G. In the same element 10G, energy
transfer occurs in green, the color at a lower energy level of
the two, thus making the green light emission predominant.
The blue organic EL. element 10B includes only the blue
light-emitting layer 16CB, thus allowing blue light emission
to take place. Here, each of the red and green organic EL
elements 10R and 10G is adjacent to the blue organic EL
elements 10B in the same or adjacent pixel at least on its two
sides opposed to each other. This suppresses non-uniform
drying speed of the applied solution on the sides adjacent to
the first organic EL elements in the manufacturing process,
thus providing reduced imbalance in thickness of the red and
green light-emitting layers 16CR and 16CG after drying.
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Therefore, improved uniformity or symmetry can be achieved
in the thickness of the red and green light-emitting layers
16CR and 16CG, thus contributing to a practically larger light
emission area and providing longer light emission life.
[0129] As described above, in the present embodiment,
each of the red and green organic EL elements 10R and 10G
is adjacent to the blue organic EL elements 10B in the same or
adjacent pixel at least on its two sides opposed to each other.
This ensures improved uniformity or symmetry in the thick-
ness of the red and green light-emitting layers 16CR and
16CG, thus contributing to a practically larger light emission
area and providing longer light emission life.

[0130] Further, when the blue organic EL element 10B is
designed to be larger in area than the red and green organic EL
elements 10R and 10G, it is possible to suppress the imbal-
ance in thickness of the red and green light-emitting layers
16CR and 16CG. This makes it possible to strike a balance
with the red and green organic EL elements 10R and 10G in
terms of light emission life by increasing the area of the blue
organic EL element 10B.

Second to Fifth Embodiments

[0131] A description will be given below of second to fifth
embodiments. Each of these embodiments relates to an ele-
ment structure that particularly enhances the advantageous
effect of the pixel arrangement described in the first embodi-
ment with reference to FIGS. 4 to 9. On the other hand, the
same components as those in the first embodiment are
denoted by the same reference numerals, and the description
thereof is omitted.

Second Embodiment

[0132] The second embodiment is identical in configura-
tion to the first embodiment except that a low molecular
weight material is included in the hole transport layer 16BB
ofthe blue organic EL element 10B to provide improved blue
light emission efficiency and longer life. Here, the term “low
molecular weight material” means a substance other than
those made of molecules of a high molecular weight polymer
or condensate generated as a result of the repetition of the
same or similar reactions of a low molecular weight com-
pound in a chain-like manner, and refers to a compound
practically having a single molecular weight. Further, heating
does not practically generate any new chemical bond between
molecules. Therefore, a low molecular weight material exists
in the form of a single molecule.

[0133] Among specific materials that can be used as the
hole transport layer 16 BB are benzine, styrylamine, tripheny-
lamine, porphyrin, triphenylene, azatriphenylene, tetracy-
anoquinodimethane, triazole, imidazole, oxadiazole, pol-
yarylalkane, phenylenediamine, arylamine, oxazole,
anthracene, fluorenone, hydrazone, stilbene, and their deriva-
tives, and heterocyclic conjugated monomers, oligomers or
polymers such as polysilane-based compounds, vinylcarba-
zole-based compounds, thiophene-based compounds or
aniline-based compounds.

[0134] Among more specific materials that can be used are
a-naphthylphenylphenylenediamine, porphyrin, metal tet-
raphenylporphyrin, metal naphthalocyanine, hexacyanoazat-
riphenylene, 7,7,8,8-tetracyanoquinodimethane (TCNQ),
7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane ~ (F4-
TCNQ), tetracyano 4,4,4-tris(3-methyl phenyl phenyl amino)
triphenylamine, N,N,N',N'-tetrakis(p-tolyl) p-phenylenedi-
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amine, N,N,N',N'-tetraphenyl-4,4'-diaminobiphenyl,
N-phenylcarbazole, 4-di-p-tolylaminostilbene, poly(par-
aphenylene vinylene), poly(thiophene vinylene) and poly(2,
2'-thienylpyrrol). However, the materials that can be used are
not limited thereto.

[0135] This organic EL display device can be manufac-
tured, for example, in the following manner.

[0136] FIG. 13 is a diagram illustrating the flow of the
manufacturing method of the organic EL display device
according to the present embodiment. FIGS. 14A to 141 illus-
trate the manufacturing method shown in FIG. 13 in the order
of execution of the process steps.

(Step of Forming the Lower Electrodes 14)

[0137] First, the lower electrodes 14 are formed on the
substrate 11 on which the pixel drive circuits 140 and a
planarizing insulating film have been formed as illustrated in
FIG. 14A in the same manner as in the first embodiment (step
S201).

(Step of Forming the Partition Wall 15)

[0138] Next, the partition wall 15 made up of the lower and
upper partition walls 15A and 15B is formed as illustrated in
FIG. 14A in the same manner as in the first embodiment (step
S202).

(Step of Performing Water Repellent Treatment)

[0139] Next, oxygen plasma treatment is performed on the
side of the substrate 11 on which the lower electrodes 14 and
partition wall 15 have been formed, followed by water repel-
lent treatment (liquid repellent treatment) in the same manner
as in the first embodiment (step S203), thus providing
reduced wettability of the top and side surfaces of the upper
partition walls 15B in particular.

(Step of Forming the Hole Injection Layers 16 AR, 16 AG and
16AB)

[0140] Then, the hole injection layers 16 AR, 16AG and
16AB made of the above-described material are formed in the
regions surrounded by the upper partition walls 15B as illus-
trated in FIG. 14B in the same manner as in the first embodi-
ment (step S204).

(Step of Forming the Hole Transport Layers 16BR and 16 BG)

[0141] After the formation of the hole injection layers
16AR, 16AG and 16AB, the hole transport layers 16BR and
16BG made of the above-described high molecular weight
material are formed respectively on the hole injection layers
16AR and 16AG respectively for the red and green organic
EL elements 10R and 10G as illustrated in FIG. 14C in the
same manner as in the first embodiment (step S205).

[0142] Here, each of the red and green organic EL elements
10R and 10G is adjacent to the blue organic EL elements 10B
in the same or adjacent pixel 10 at least on its two sides
opposed to each other. This suppresses non-uniform drying
speed of the applied solution on the sides adjacent to the blue
organic EL elements 10B, thus providing reduced imbalance
in thickness of the red and green light-emitting layers 16BR
and 16BG after drying as in the first embodiment. Therefore,
improved uniformity or symmetry can be achieved in the
thickness of the red and green light-emitting layers 16BR and
16BG.
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(Step of Forming the Red and Green Light-Emitting Layers
16CR and 16CG)

[0143] After the formation of the hole transport layers
16BR and 16BG, the red light-emitting layer 16CR made of
the above-described high molecular weight compound is
formed on the hole transport layer 16 BR of the red organic EL
element 10R as illustrated in FIG. 14D in the same manner as
in the first embodiment. Further, the green light-emitting
layer 16CG made of the above-described high molecular
weight compound is formed on the hole transport layer 16BG
of the green organic EL element 10G (step S206).

[0144] Here again, each of the red and green organic EL
elements 10R and 10G is adjacent to the blue organic EL
elements 10B in the same or adjacent pixel 10 at least on its
two sides opposed to each other. This suppresses non-uniform
drying speed of the applied solution on the sides adjacent to
the blue organic EL elements 10B, thus providing reduced
imbalance in thickness of the red and green light-emitting
layers 16CR and 16CG after drying as in the first embodi-
ment. Therefore, improved uniformity or symmetry can be
achieved in the thickness of the red and green light-emitting
layers 16CR and 16CG.

(Step of Forming the Hole Transport Layer 16BB of the Blue
Organic EL Element 10B)

[0145] After the formation of the red and green light-emit-
ting layers 16CR and 16CG, the hole transport layer 16BB
made of the above-described low molecular weight material
is formed on the hole injection layer 16 AB of the blue organic
EL element 10B as illustrated in FIG. 14E (step S207). The
hole transport layer 16BB is formed by a coating method such
as ink jet, nozzle printing, letterpress printing, gravure print-
ing or reverse offset printing. In particular, because it is nec-
essary to selectively place the material forming the hole trans-
port layer 16BB in the regions surrounded by the upper
partition walls 15B, the ink jet method or nozzle printing
method, each of which is a drop discharge method, should
preferably be used.

[0146] More specifically, the solution or dispersed liquid of
the low molecular weight material forming the hole transport
layer 16BB is placed on the exposed surface of the hole
injection layer 16 AB, for example, by the ink jet method.
Then, the solution or dispersed liquid is heated (dried), thus
forming the hole transport layer 16BB.

[0147] During the heat treatment, the solvent or dispersion
medium is dried and then heated to high temperatures. It is
preferred that the atmosphere or solvent to be applied should
be heated in an atmosphere whose chief component is nitro-
gen (N,). The presence of oxygen or moisture may lead to
reduced light emission efficiency or life of the manufactured
organic EL display device. Oxygen and moisture have sig-
nificant impact on the heating process in particular. There-
fore, caution is necessary. The oxygen concentration should
preferably be 0.1 ppm to 100 ppm and more preferably be 50
ppm or less. If the oxygen concentration is greater than 100
ppm, the interfaces between the formed thin films may be
contaminated, possibly resulting in reduced light emission
efficiency or life of the obtained organic EL display device.
On the other hand, the oxygen concentration of less than 0.1
ppm is not problematic in terms of the element characteris-
tics. In the currently available volume production process,
however, the equipment cost adapted to maintain the oxygen
concentration at less than 0.1 ppm may become excessive.
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[0148] As for moisture, on the other hand, the dew point
should preferably be —80° C. to -40° C., more preferably be
-50° C. or less, and still more preferably be -60° C. or less. If
moisture having a dew point higher than -40° C. is present,
the interfaces between the formed thin films may be contami-
nated, possibly resulting in reduced light emission efficiency
or life of the obtained organic EL display device. On the other
hand, moisture having a dew point of less than -80° C. is not
problematic in terms of the element characteristics. In the
currently available volume production process, however, the
equipment cost adapted to maintain the moisture dew point at
less than -80° C. may become excessive.

[0149] The heating temperature should preferably be 100°
C.t0230° C., and more preferably be 100° C. to 200° C. Itis
preferred that the heating temperature should be at least lower
than the temperature at which the hole injection layers 16 AR,
16AG and 16AB were formed. On the other hand, continued
heating at a temperature far beyond the glass transition tem-
perature Tg of the low molecular weight material may lead to
significantly degraded characteristics. Although depending
on the temperature and atmosphere, the heating time should
preferably be 5 to 300 minutes and more preferably be 10 to
240 minutes. The film thickness after the drying should pref-
erably be 10 nm to 200 nm, and more preferably be 15 nm to
150 nm.

(Order of the Steps)

[0150] The step of forming the hole transport layers 16BR
and 16BG of the red and green organic EL elements 10R and
10G, that of forming the hole transport layer 16BB of the blue
organic EL element 10B and that of forming the red and green
light-emitting layers 16CR and 16CG may be performed in
any order. However, it is at least necessary that an underlying
layer on which the target layer is to be formed should be
formed in advance and that the underlying layer should have
undergone the heating process including heating and drying.
Further, it is necessary to apply these layers so that the heating
temperature is equal to or lower than that in the previous step.
For example, if the heating temperature of the red and green
light-emitting layers 16CR and 16CG is 130° C. and that of
the hole transport layer 16BB of the blue organic EL element
10B is the same temperature or 130° C., the red and green
light-emitting layers 16CR and 16CG may be applied, fol-
lowed, without drying, by the application of the hole transport
layer 16BB of the blue organic EL element 10B, which is
followed by the drying and heating of the red and green
light-emitting layers 16CR and 16CG and the hole transport
layer 16BB of the blue organic EL element 10B.

[0151] On the other hand, it is preferred to perform drying
and heating as two separate steps. The reason for this is that
uneven film thickness is likely because the applied wet film is
significantly fluid during the drying process. It is preferred
that the film should be dried through uniform vacuum drying
at a normal pressure, and more preferred that the film should
be dried with no currents of air. During the heating process,
the solvent has evaporated to a certain extent. As a result, the
film is hard and less fluid. By heating the film in this state
slowly, it is possible to remove the solvent existing in trace
amounts and allow for the rearrangement of the light-emitting
material and that of the hole transport layers at the molecular
level.

(Step of Forming the Blue Light-Emitting Layer 16CB)

[0152] After the formation of the hole transport layer 16BB
of the blue organic EL. element 10B and the red and green
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light-emitting layers 16 CR and 16CG, the blue light-emitting
layer 16CB made of the above-described low molecular
weight material is formed, as a common layer, over the entire
surfaces of the red and green light-emitting layers 16CR and
16CG and the hole transport layer 16BB of the blue organic
EL element 10B by vapor deposition as illustrated in FIG. 14F
in the same manner as in the first embodiment (step S209).

(Step of Forming the Electron Transport Layer 16E, Electron
Injection Layer 16F and Upper Electrode 17)

[0153] After the formation of the blue light-emitting layer
16CB, the electron transport layer 16E, electron injection
layer 16F and upper electrode 17 made of the above-de-
scribed materials are formed over the entire surface of the
blue light-emitting layer 16 CB by a vapor deposition method
as illustrated in FIGS. 14G to 141 in the same manner as in the
first embodiment (steps S210 to S212).

[0154] After the formation of the upper electrode 17, the
protective layer 20 is formed as illustrated in FIG. 3 in the
same manner as in the first embodiment. Further, a light-
shielding film and red, blue and green filters (not shown) are
sequentially formed on the sealing substrate 40 made of the
above-described material.

[0155] Then, an adhesive layer (not shown) is formed on
the protective layer 20, and the sealing substrate 40 is attached
to the protective film 20 with the adhesive layer provided
therebetween. This completes the display device shown in
FIGS.1to0 3.

[0156] In this organic EL display device, the driving of the
pixels is controlled in the same manner as in the first embodi-
ment. As a result, the drive current Id is injected into the red,
green and blue organic EL elements 10R, 10G and 10B,
allowing for the holes and electrons to recombine for light
emission. This light transmits through the lower electrodes 14
and substrate 11 before being extracted when the organic EL
display device is a bottom emission type. The light transmits
through the upper electrode 17, color filter (not shown) and
sealing substrate 40 before being extracted when the organic
EL display device is a top emission type.

[0157] At this time, the red and blue light-emitting layers
16CR and 16CB are provided in the red organic EL element
10R. In the same element 10R, energy transfer occurs in red,
the color at the lowest energy level, thus making the red light
emission predominant. The green and blue light-emitting lay-
ers 16CG and 16CB are provided in the green organic EL
element 10G. In the same element 10G, energy transfer
occurs in green, the color at a lower energy level of the two,
thus making the green light emission predominant. The blue
organic EL element 10B includes only the blue light-emitting
layer 16CB, thus allowing blue light emission to take place.
Here, the hole transport layer 16BB of the blue organic EL
element 10B is made of alow molecular weight material. This
contributes to improved condition of the interface with the
blue light-emitting layer 16CB made of a low molecular
weight material, thus providing improved blue light emission
efficiency and life.

[0158] As described above, the hole transport layer 16BB
made of a low molecular weight material is formed on the
holeinjection layer 16 AB of the blue organic EL element 10B
by a coating method in the present embodiment. Therefore,
the present embodiment contributes to improved condition of
the interface with the blue light-emitting layer 16 CB made of
a low molecular weight material for improved blue light
emission efficiency and life in addition to the advantageous
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effect achieved by the first embodiment. This provides even
higher light emission efficiency and longer life of the color
organic EL display device having the red, green and blue
organic EL elements 10R, 10G and 10B arranged and formed
therein. Further, the second embodiment resolves the diffi-
culty in patterning and contributes to lower cost of the print-
ing process at the same time.

Third Embodiment

[0159] The third embodiment is identical in configuration
to the second embodiment except that a low molecular weight
material is included in the red and green light-emitting layers
16CR and 16CG.

[0160] The red and green light-emitting layers 16CR and
16CG are made of a mixture of two materials, a high molecu-
lar weight (light-emitting) material and a low molecular
weight material added thereto. As a result, the present
embodiment provides improved hole and electron injection
efficiencies from the blue light-emitting layer 16CB serving
as a common layer to the red or green light-emitting layer
16CR or 16CG. Here, the term “low molecular weight mate-
rial” refers to a monomer or oligomer obtained by bonding
two to 10 of this monomer together. A low molecular weight
material having a weight-average molecular weight of 50000
or less is preferred. It should be noted that low molecular
weight materials having a weight-average molecular weight
beyond the above level are not necessarily excluded.

[0161] The red and green light-emitting layers 16CR and
16CG are formed, for example, by a coating method such as
the ink jet method. At this time, the high and low molecular
weight materials are dissolved using one or more organic
solvents including toluene, xylene, anisole, cyclohexane,
mesitylene(1,3,5-trimethylbenzene), pseudocumene(1,2,4-
trimethylbenzene), dihydro-benzofuran, 1,2,3,4-tetramethyl-
benzene, tetralin, cyclohexylbenzene, 1-methylnaphthalene,
p-anisyl alcohol, dimethylnaphtalene, 3-methyl biphenyl,
4-methyl biphenyl, 3-isopropyl biphenyl and monoisopropyl-
naphthalene. Then, the red and green light-emitting layers
16CR and 16CG are formed using this mixture solution.
[0162] Among thehigh molecular weight materials that can
be used as the red and green light-emitting layers 16CR and
16CG are polyfluorene-based high molecular weight deriva-
tives, (poly)paraphenylene vinylene derivatives, polyphe-
nylene derivatives, polyvinylcarbazole derivatives, poly-
thiophene derivatives, perylene-based dyes, coumarin-based
dyes, rhodamine-based dyes and any of the above high
molecular weight compounds doped with an organic EL
material. On the other hand, rubrene, perylene, 9,10-diphe-
nylanthracene, tetraphenylbutadiene, nile red or coumarin 6
can be used as a dopant.

[0163] A description will be given below of the principle
behind the reason why the hole and electron injection effi-
ciencies from the blue light-emitting layer 16CB serving as a
common layer to the red or green light-emitting layer 16CR or
16CG improve as a result of addition of a low molecular
weight material to the high molecular weight material of
which the red and green light-emitting layers 16CR and
16CG are made.

[0164] In the first and second embodiments, the blue light-
emitting layer 16CB made of a low molecular weight material
is formed as a common layer on top of the red and green
light-emitting layers 16CR and 16CG made only of a high
molecular weight material. There is a large difference in
energy level between the red and green light-emitting layers
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16CR and 16CG and the blue light-emitting layer 16CB. This
leads to a significantly low hole or electron injection effi-
ciency between the blue light-emitting layer 16CB and each
of the red and green light-emitting layers 16CR and 16CG,
making it likely that the light-emitting layers made of a high
molecular weight material may not be able to deliver its
characteristics to a sufficient degree. In the present embodi-
ment, a low molecular weight material (monomer or oligo-
mer) is added to the red and green light-emitting layers 16CR
and 16CG so as to reduce the difference in energy level
between the red and green light-emitting layers 16CR and
16CG and the blue light-emitting layer 16CB, thus providing
improved hole or electron injection characteristic. Here, the
relationship is considered between the highest occupied
molecular orbital (HOMO) level and lowest occupied
molecular orbital (LOMO) level of the red and green light-
emitting layers 16CR and 16CG, the HOMO (highest occu-
pied molecular orbital) level and the lowest unoccupied
molecular orbital (LUMO) level of the blue light-emitting
layer 16CB, and the HOMO (highest occupied molecular
orbital) level and the lowest unoccupied molecular orbital
(LUMO) level of the low molecular weight material added to
the red and green light-emitting layers 16CR and 16CG. As a
specific low molecular weight material to be added, a com-
pound is selected that has a LUMO level lower than that of the
red or green light-emitting layer 16CR or 16CG and higher
than that of the blue light-emitting layer 16CB and that also
has a HOMO level higher than that of the red or green light-
emitting layer 16CR or 16CG and lower than that of the blue
light-emitting layer 16CB.

[0165] On the other hand, the term “low molecular material
added to the red and green light-emitting layers 16CR and
16CG” means a substance other than those made of mol-
ecules of a high molecular weight polymer or condensate
generated as a result of the repetition of the same or similar
reactions of a low molecular weight compound in a chain-like
manner, and refers to a compound practically having a single
molecular weight. Further, heating does not practically gen-
erate any new chemical bond between molecules. Therefore,
the low molecular weight material exists in a single molecule.
The weight-average molecular weight (Mw) of such a low
molecular weight material should preferably be 50000. The
reason for this is that a material having a molecular weight
lower to a certain extent than 50000 offers more diverse
characteristics, thus making it easier to adjust the hole or
electron mobility, band gap or solubility to a solvent.

[0166] On the other hand, the amount of addition of the low
molecular weight material should preferably be such that the
mixing ratio between the high molecular weight material
used as the red or green light-emitting layer 16CR or 16CG
and the low molecular weight material is from 10:1 to 1:2 in
weight ratio. The reason for this is that the effectiveness of
addition of the low molecular weight material is smaller if the
mixing ratio is less than 10:1. On the other hand, if the mixing
ratio is greater than 1:2, it is difficult to obtain the character-
istics of the high molecular weight material as a light-emit-
ting material.

[0167] Among the materials that can be used as such a low
molecular weight material are benzine, styrylamine, triph-
enylamine, porphyrin, triphenylene, azatriphenylene, tetra-
cyanoquinodimethane, triazole, imidazole, oxadiazole, pol-
yarylalkane, phenylenediamine, arylamine, oxazole,
anthracene, fluorenone, hydrazone, stilbene, and their deriva-
tives, and heterocyclic conjugated monomers, oligomers or
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polymers such as polysilane-based compounds, vinylcarba-
zole-based compounds, thiophene-based compounds or
aniline-based compounds.

[0168] Among more specific materials that can be used are
a-naphthylphenylphenylenediamine, porphyrin, metal tet-
raphenylporphyrin, metal naphthalocyanine, hexacyanoazat-
riphenylene, 7,7,8,8-tetracyanoquinodimethane (TCNQ),
7,7,8 8-tetracyano-2,3,5,6-tetrafluoroquinodimethane  (F4-
TCNQ), tetracyano 4,4 ,4-tris(3-methyl phenyl phenyl amino)
triphenylamine, N,N,N',N'-tetrakis(p-tolyl) p-phenylenedi-
amine, N,N,N',N'-tetraphenyl-4,4'-diaminobiphenyl,
N-phenylcarbazole, 4-di-p-tolylaminostilbene, poly(par-
aphenylene vinylene), poly(thiophene vinylene), and poly(2,
2'-thienylpyrrol). However, the materials that can be used are
not limited thereto.

[0169] It should be noted that not only one but a plurality of
low molecular weight materials may be mixed into the red
and green light-emitting layers 16CR and 16CG.

[0170] Thisorganic EL display device can be manufactured
in the same manner as in the second embodiment.

[0171] Inthis organic EL display device, the driving of the
pixels is controlled in the same manner as in the first embodi-
ment. As a result, the drive current Id is injected into the red,
green and blue organic EL elements 10R, 10G and 10B,
allowing for the holes and electrons to recombine for light
emission. This light transmits through the lower electrodes 14
and substrate 11 before being extracted when the organic EL
display device is a bottom emission type. The light transmits
through the upper electrode 17, color filter (not shown) and
sealing substrate 40 before being extracted when the organic
EL display device is a top emission type.

[0172] At this time, the red and blue light-emitting layers
16CR and 16CB are provided in the red organic EL element
10R. In the same element 10R, energy transfer occurs in red,
the color at the lowest energy level, thus making the red light
emission predominant. The green and blue light-emitting lay-
ers 16CG and 16CB are provided in the green organic EL
element 10G. In the same element 10G, energy transfer
occurs in green, the color at a lower energy level of the two,
thus making the green light emission predominant. The blue
organic EL element 10B includes only the blue light-emitting
layer 16CB, thus allowing blue light emission to take place.
As described earlier, in the first and second embodiments, the
hole or electron injection efficiency from the blue light-emit-
ting layer 16CB to the red or green light-emitting layer 16CR
or 16CG is low, thus making it difficult for the same light-
emitting layer 16CR or 16CG made of a high molecular
weight material to deliver its original characteristics.

[0173] Here, a low molecular weight material is added to
the high molecular weight material in the red and green light-
emitting layers 16CR and 16CG, thus providing reduced dif-
ference in energy level with the blue light-emitting layer
16CB made of a low molecular weight material. This contrib-
utes to improved hole or electron injection efficiency from the
blue light-emitting layer 16CB to the red or green light-
emitting layer 16CR or 16CG, practically providing the val-
ues close to the element characteristics possessed by the red
and green light-emitting layers 16CR and 16CG.

[0174] Asdescribed above, the red and green light-emitting
layers 16CR and 16CG are formed with a mixture of high and
low molecular weight materials by a coating method in the
present embodiment. Therefore, the present embodiment
contributes to improved hole or electron transfer efficiency
from the blue light-emitting layer 16CB to the red or green
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light-emitting layer 16CR or 16CG in addition to the advan-
tageous effect achieved by the first embodiment, thus provid-
ing the values close to the element characteristics possessed
by the red and green light-emitting layers 16CR and 16CG.
That is, the present embodiment provides even higher light
emission efficiency and longer life of the color organic EL
display device having the red, green and blue organic EL
elements 10R, 10G and 10B arranged and formed therein.

Fourth Embodiment

[0175] FIG. 15 illustrates the sectional configuration of the
display region 110 of an organic EL display device 1A
according to a fourth embodiment of the present disclosure.
The organic EL display device 1A includes a common hole
transport layer 16D made of a low molecular weight material
between the entire surfaces of the red and green light-emitting
layers 16CR and 16CG and the hole transport layer 16BB of
the blue organic EL element 10B and the blue light-emitting
layer 16CB. The organic EL display device 1A is identical in
configuration to the counterpart according to the third
embodiment except in this respect.

[0176] The organic layer 16 of the red organic EL element
10R includes, for example, the hole injection layer 16AR,
hole transport layer 16BR, red light-emitting layer 16CR,
common hole transport layer (second hole injection/transport
layer) 16D, blue light-emitting layer 16CB, electron transport
layer 16E and electron injection layer 16F that are stacked in
this order from the side of the lower electrodes 14. The
organic layer 16 of the green organic EL element 10G
includes, for example, the hole injection layer 16 AG, hole
transport layer 16BG, green light-emitting layer 16CG, com-
mon hole transport layer 16D, blue light-emitting layer
16CB, electron transport layer 16E and electron injection
layer 16F that are stacked in this order from the side of the
lower electrodes 14. The organic layer 16 of the blue organic
EL element 10B includes, for example, the hole injection
layer 16 AB, hole transport layer 16BB, common hole trans-
port layer 16D, blue light-emitting layer 16CB, electron
transport layer 16E and electron injection layer 16F that are
stacked in this order from the side of the lower electrodes 14.
Of these, the common hole transport layer 16D, blue light-
emitting layer 16CB, electron transport layer 16E and elec-
tron injection layer 16F are provided as common layers to be
shared among the red, green and blue organic EL. elements
10R, 10G and 10B.

[0177] The red light-emitting layer 16CR and green light-
emitting layer 16CG are made of a mixture of two materials,
a high molecular weight (light-emitting) material and a low
molecular weight material added thereto as in the third
embodiment.

[0178] The hole transport layer 16BB of the blue organic
EL element 10B may be made of a low molecular weight
material (monomer or oligomer) or a high molecular weight
material. Of the two types of low molecular weight materials
used here, the term “monomer” refers to a substance, other
than a compound such as a low molecular weight polymer or
condensate, that has a single molecular weight and exists in
the form of a single molecule as with the low molecular
weight material added to the red and green light-emitting
layers 16CR and 16CG. On the other hand, the term “oligo-
mer” refers to a plurality of monomers bonded together
whose weight-average molecular weight (Mw) is 50000 or
less. Further, the high molecular weight material need only
have a weight-average molecular weight of 50000 to 300000
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and should particularly preferably have a weight-average
molecular weight of 100000 to 200000 as with the high
molecular weight material used as the hole transport layers
16BR and 16BG. It should be noted that the low and high
molecular weight materials used as the hole transport layer
16BB may be made of a mixture of two or more materials
having different molecular weights and weight-average
molecular weights.

[0179] Thecommonhole transport layer 16D is designed to
provide improved hole injection efficiency to the blue light-
emitting layer 16CB and provided over the entire surfaces of
the red and green light-emitting layers 16CR and 16CG and
the hole transport layer 16BB of the blue organic EL element
10B. Although depending on the overall configuration of the
elements, the thickness of the common hole transport layer
16D should preferably be, for example, 1 nm to 20 nm, and
more preferably be 1 nm to 10 nm.

[0180] The common hole transport layer 16D is formed by
a vapor deposition method. Therefore, a low molecular
weight material, and a monomer in particular, is preferred
because polymerized molecules such as an oligomer or high
molecular weight material may break down during the vapor
deposition. It should be noted that the low molecular weight
material used as the common hole transport layer 16D may be
made of a mixture of two or more materials having different
molecular weights.

[0181] As with the low molecular weight materials
described in relation to the red, green and blue light-emitting
layers 16CR, 16CG and 16CB in the third embodiment,
among the materials that can be used as the common hole
transport layer 16D are benzine, styrylamine, tripheny-
lamine, porphyrin, triphenylene, azatriphenylene, tetracy-
anoquinodimethane, triazole, imidazole, oxadiazole, pol-
yarylalkane, phenylenediamine, arylamine, oxazole,
anthracene, fluorenone, hydrazone, stilbene, and their deriva-
tives, and heterocyclic conjugated monomers, oligomers or
polymers such as polysilane-based compounds, vinylcarba-
zole-based compounds, thiophene-based compounds or
aniline-based compounds.

[0182] Among more specific materials that can be used are
a-naphthylphenylphenylenediamine, porphyrin, metal tet-
raphenylporphyrin, metal naphthalocyanine, hexacyanoazat-
riphenylene, 7,7,8,8-tetracyanoquinodimethane (TCNQ),
7,7,8,8-tetracyano-2,3,5,6-tetrafluoroquinodimethane ~ (F4-
TCNQ), tetracyano 4,4,4-tris(3-methyl phenyl phenyl amino)
triphenylamine, N,N,N',N'-tetrakis(p-tolyl) p-phenylenedi-
amine, N,N,N',N'-tetraphenyl-4,4'-diaminobiphenyl,
N-phenylcarbazole, 4-di-p-tolylaminostilbene, poly(par-
aphenylene vinylene), poly(thiophene vinylene) and poly(2,
2'-thienylpyrrol). However, the materials that can be used are
not limited thereto.

[0183] This organic EL display device can be manufac-
tured, for example, in the following manner.

[0184] FIG. 16 is a diagram illustrating the flow of the
manufacturing method of this organic EL display device.
FIGS. 17A to 17] illustrate the manufacturing method shown
in FIG. 16 in the order of execution of the process steps.

(Step of Forming the Lower Electrodes 14)

[0185] First, the lower electrodes 14 are formed on the
substrate 11 on which the pixel drive circuits 14 and a pla-
narizing insulating film have been formed as illustrated in
FIG. 17A in the same manner as in the first embodiment (step
S301).
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(Step of Forming the Partition Wall 15)

[0186] Next, the partition wall 15 made up of the lower and
upper partition walls 15A and 15B is formed as illustrated in
FIG. 17 A in the same manner as in the first embodiment (step
S302).

(Step of Performing Water Repellent Treatment)

[0187] Next, oxygen plasma treatment is performed on the
side of the substrate 11 on which the lower electrodes 14 and
partition wall 15 have been formed, followed by water repel-
lent treatment (liquid repellent treatment) in the same manner
as in the first embodiment (step S303), thus providing
reduced wettability of the top and side surfaces of the upper
partition walls 15B in particular.

(Step of Forming the Hole Injection Layers 16 AR, 16 AG and
16AB)

[0188] Then, the hole injection layers 16AR, 16AG and
16AB made of the above-described material are formed in the
regions surrounded by the upper partition walls 15B as illus-
trated in FIG. 17B in the same manner as in the first embodi-
ment (step S304).

(Step of Forming the Hole Transport Layers 16 BR and 16 BG)

[0189] After the formation of the hole injection layers
16AR, 16AG and 16AB, the hole transport layers 16 BR and
16BG made of the above-described high molecular weight
material are formed respectively on the hole injection layers
16AR and 16AG respectively for the red and green organic
EL elements 10R and 10G as illustrated in FIG. 17C in the
same manner as in the first embodiment (step S305).

[0190] Here, each of the red and green organic EL elements
10R and 10G is adjacent to the blue organic EL elements 10B
in the same or adjacent pixel 10 at least on its two sides
opposed to each other. This suppresses non-uniform drying
speed of the applied solution on the sides adjacent to the blue
organic EL elements 10B, thus providing reduced imbalance
in thickness of the red and green light-emitting layers 16BR
and 16BG after drying as in the first embodiment. Therefore,
improved uniformity or symmetry can be achieved in the
thickness of the red and green light-emitting layers 16BR and
16BG.

(Step of Forming the Red and Green Light-Emitting Layers
16CR and 16CG)

[0191] After the formation of the hole transport layers
16BR and 16BG, the red light-emitting layer 16CR made of
the above-described high molecular weight compound is
formed on the hole transport layer 16 BR of the red organic EL
element 10R as illustrated in FIG. 17D in the same manner as
in the first embodiment. Further, the green light-emitting
layer 16CG made of the above-described high molecular
weight compound is formed on the hole transport layer 16BG
of the green organic EL element 10G (step S306).

[0192] Here again, each of the red and green organic EL
elements 10R and 10G is adjacent to the blue organic EL
elements 10B in the same or adjacent pixel 10 at least on its
two sides opposed to each other. This suppresses non-uniform
drying speed of the applied solution on the sides adjacent to
the blue organic EL elements 10B, thus providing reduced
imbalance in thickness of the red and green light-emitting
layers 16CR and 16CG after drying as in the first embodi-
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ment. Therefore, improved uniformity or symmetry can be
achieved in the thickness of the red and green light-emitting
layers 16CR and 16CG.

(Step of Forming the Hole Transport Layer 16BB of the Blue
Organic EL Element 10B)

[0193] After the formation of the red and green light-emit-
ting layers 16CR and 16CG, the hole transport layer 16BB
made of the above-described low molecular weight material
is formed on the hole injection layer 16 AB of the blue organic
EL element 10B as illustrated in FIG. 17E in the same manner
as in the third embodiment (step S307).

(Order of the Steps)

[0194] The step of forming the hole transport layers 16BR
and 16BG of the red and green organic EL elements 10R and
10G, that of forming the hole transport layer 16BB of the blue
organic EL element 10B and that of forming the red and green
light-emitting layers 16CR and 16CG are performed in the
same order as in the second embodiment.

(Step of Forming the Common Hole Transport Layer 16D)

[0195] After the formation of the hole transport layer 16BB
of the blue organic EL element 10B and the red and green
light-emitting layers 16CR and 16CG, the common hole
transport layer 16D made of the above-described low molecu-
lar weight material is formed as a common layer over the
entire surfaces of the red and green light-emitting layers
16CR and 16CG and the hole transport layer 16 BB of the blue
organic EL element 10B by a vapor deposition method as
illustrated in FIG. 17F (step S308).

(Step of Forming the Blue Light-Emitting Layer 16CB)

[0196] After the formation of the common hole transport
layer 16D, the blue light-emitting layer 16CB made of the
above-described low molecular weight material is formed as
a common layer over the entire surface of the common hole
transport layer 16D by a vapor deposition method as illus-
trated in FIG. 17G (step S309).

(Step of Forming the Electron Transport Layer 16E, Electron
Injection Layer 16F and Upper Electrode 17)

[0197] After the formation of the blue light-emitting layer
16CB, the electron transport layer 16E, electron injection
layer 16F and upper electrode 17 made of the above-de-
scribed materials are formed over the entire surface of the
blue light-emitting layer 16CB by a vapor deposition method
as illustrated in FIGS. 17H to 17] in the same manner as in the
first embodiment (steps S310 to S312).

[0198] After the formation of the upper electrode 17, the
protective layer 20 is formed as illustrated in FIG. 3 in the
same manner as in the first embodiment. At this time, the
common hole transport layer 16D, blue light-emitting layer
16CB, electron transport layer 16E, electron injection layer
16F, upper electrode 17 and protective layer 20 are each
formed over the entire surface in the form of a solid film
without using any mask. Further, the common hole transport
layer 16D, blue light-emitting layer 16CB, electron transport
layer 16E, electron injection layer 16F, upper electrode 17
and protective layer 20 are desirably formed successively in
the same film forming equipment without being exposed to
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the atmosphere. This prevents the deterioration of the organic
layer 16 caused by moisture in the atmosphere.

[0199] After the formation of the protective layer 20, a
light-shielding film, and red, blue and green filters (not
shown) are sequentially formed on the sealing substrate 40
made of the above-described material in the same manner as
in the first embodiment.

[0200] Then, an adhesive layer (not shown) is formed on
the protective layer 20. Finally, the sealing substrate 40 is
attached to the protective film 20 with the adhesive layer
sandwiched therebetween. This completes the display device
shown in FIGS. 1 to 3.

[0201] In this organic EL display device 1A, the driving of
the pixels is controlled in the same manner as in the first
embodiment. As a result, the drive current Id is injected into
the red, green and blue organic EL elements 10R, 10G and
10B, allowing for the holes and electrons to recombine for
light emission. This light transmits through the lower elec-
trodes 14 and substrate 11 before being extracted when the
organic EL display device is a bottom emission type. The
light transmits through the upper electrode 17, color filter (not
shown) and sealing substrate 40 before being extracted when
the organic EL display device is a top emission type.

[0202] If the blue light-emitting layer 16CB is provided
directly on the blue hole transport layer 16BB formed by a
coating method as in the second or third embodiment, the blue
light-emitting layer 16CB may not be able to deliver its origi-
nal characteristics due to the following reasons. The first
reason is the reduction of hole injection characteristic to the
blue light-emitting layer 16CB due, for example, to moisture
or residual solvent that may find its way into the blue hole
transport layer 16BB during the formation thereof by a coat-
ing method. The second reason is the deterioration of the blue
hole transport layer 16BB due, for example, to contamination
of'its interface because the same layer 16BB is formed in an
atmospheric environment.

[0203] In the organic EL display device according to the
present embodiment, the common hole transport layer 16D
made of a low molecular weight material is formed on the
blue hole transport layer 16BB by a vapor deposition method.
This suppresses moisture or other contaminants in the atmo-
sphere from entering the blue hole transport layer 16BB, thus
contributing to improved condition of the interface with the
blue light-emitting layer 16CB. This ensures improved effi-
ciency in injecting holes into the blue light-emitting layer
16CB, thus allowing for the same layer 16CB to provide the
values close to its original characteristics.

[0204] It should be noted that because the common hole
transport layer 16D is formed by a vapor deposition method,
the same layer 16D is also formed on the red and green
light-emitting layers 16CR and 16CG. As a result, the blue
light-emitting layer 16CB is stacked above each ofthe red and
green light-emitting layers 16CR and 16CG with the common
hole transport layer 16D provided therebetween. The com-
mon hole transport layer 16D normally shows electron block-
ing characteristic on the red and green light-emitting layers
16CR and 16CG, thus resulting in degraded electron injection
characteristic to the red and green light-emitting layers 16CR
and 16CG. On the other hand, if the red and green light-
emitting layers 16CR and 16CG are made only of a high
molecular weight material as in the first or second embodi-
ment, there is a large difference in energy level between the
same layers 16CR and 16CG and the common hole transport
layer 16D made of a low molecular weight material, possibly
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resulting in degraded hole transport capability. This leads to a
lack of electrons and holes injected into the red and green
light-emitting layers 16CR and 16CG, possibly resulting in
increased drive voltage or reduced light emission efficiency.
Further, because holes and electrons are not injected properly,
the light emission of the red or green organic EL element 10R
or 10G may be accompanied by emission of blue light that has
peaks in the range of wavelengths from 430 nm to 500 nm.
That is, red or green light is mixed with blue light, thus
changing the chromaticity of the red and green organic EL.
elements 10R and 10G. This may present a serious problem
for the display elements making up the display.

[0205] In contrast, in the present embodiment, the red and
green light-emitting layers 16CR and 16CG are formed with
a mixture of high and low molecular weight materials, thus
contributing to reduced energy level. This provides improved
hole transport capability and allows for adjustment as appro-
priate. Further, the common hole transport layer 16D is
formed with a material of the same family as the low molecu-
lar weight material added to the red and green light-emitting
layers 16CR and 16CG, thus providing reduced difference,
for example, in energy level between the different layers.
Further, the common hole transport layer 16D is formed with
amaterial of the same family as the material of which the blue
light-emitting layer 16CB is made, thus providing excellent
capability of transporting electrons to be injected into the red
and green light-emitting layers 16CR and 16CG. This con-
tributes to reduced hole and electron transport barriers
between each of the red and green light-emitting layers 16CR
and 16CG and the common hole transport layer 16D, thus
resolving the above problems with the drive voltage and light
emission efficiency. Further, blue light emission is sup-
pressed when the red or green organic EL element 10R or 10G
emits light, thus keeping the chromaticity change of the red
and green organic EL elements 10R and 10G to a minimum.
That is, it is possible to provide the red and green organic EL.
elements 10R and 10G that can be used as display elements.

[0206] As described above, the common hole transport
layer 16D made of a low molecular weight material is formed
by a vapor deposition method over the entire surfaces of the
hole transport layer 16BB and the red and green light-emit-
ting layers 16CR and 16CG in the present embodiment, thus
contributing to improved condition of the interface of the blue
light-emitting layer 16CB in addition to the advantageous
effects achieved by the first to third embodiments. This
ensures improved efficiency in injecting holes into the blue
light-emitting layer 16CB, thus allowing for the same layer
16CB to provide the values close to its original characteris-
tics. That is, the present embodiment contributes to improved
light emission efficiency and longer life of the blue organic
EL element 10B, thus providing even higher light emission
efficiency and longer life of the color organic EL display
device having the red, green and blue organic EL elements
10R, 10G and 10B arranged and formed therein.

[0207] Further, alow molecular weight material is added to
the red and green light-emitting layers 16CR and 16CG, thus
making it easier to adjust the carrier balance between holes
and electrons. This suppresses the reduction of electron injec-
tion characteristic and hole transport characteristic to the red
and green light-emitting layers 16CR and 16CG resulting
from the formation of the common hole transport layer 16D,
blue light-emitting layer 16CB and electron transport layer
16E. That is, this keeps the reduction of light emission effi-
ciency and life, increase in drive voltage and change in light
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emission chromaticity of the red and green organic EL ele-
ments 10R and 10G to a minimum.

Fifth Embodiment

[0208] FIG. 18 illustrates the sectional configuration of the
display region of an organic EL display device 1B according
to a fifth embodiment of the present disclosure. The organic
EL display device 1B is identical in configuration to the
counterpart according to the fourth embodiment except that
the common hole transport layer 16D is provided directly on
the hole injection layer 16 AB without providing the hole
transport layer 16BB of the blue organic EL element 10B.
[0209] The organic layer 16 of the red organic EL element
10R includes, for example, the hole injection layer 16AR,
hole transport layer 16BR, red light-emitting layer 16CR,
common hole transport layer (second hole injection/transport
layer) 16D, blue light-emitting layer 16CB, electron transport
layer 16E and electron injection layer 16F that are stacked in
this order from the side of the lower electrodes 14, as with the
red organic EL element 10R according to the fourth embodi-
ment. The organic layer 16 of the green organic EL element
10G includes, for example, the hole injection layer 16AG,
hole transport layer 16BG, green light-emitting layer 16CG,
common hole transport layer 16D, blue light-emitting layer
16CB, electron transport layer 16E and electron injection
layer 16F that are stacked in this order from the side of the
lower electrodes 14, as with the green organic EL element
10G according to the fourth embodiment. The organic layer
16 of the blue organic EL element 10B includes, for example,
the hole injection layer 16 AB, common hole transport layer
16D, blue light-emitting layer 16CB, electron transport layer
16E and electron injection layer 16F that are stacked in this
order from the side ofthe lower electrodes 14 and differs from
the counterpart according to the fourth embodiment in that
there is no blue hole transport layer. Of these, the common
hole transport layer 16D, blue light-emitting layer 16CB,
electron transport layer 16E and electron injection layer 16F
are provided as common layers to be shared among the red,
green and blue organic EL elements 10R, 10G and 10B.
[0210] The organic EL display device according to the
present embodiment provides even longer life of the blue
organic EL element 10B in addition to the advantageous
effect achieved by the fourth embodiment. Further, providing
the common hole transport layer 16D directly on the hole
injection layer 16 AB of the blue organic EL. element 10B
contributes not only to reduced number of manufacturing
process steps but also reduced cost.

(Module and Application Examples)

[0211] A description will be given below of application
examples of the organic EL display device described in the
above embodiments. The organic EL display device accord-
ing to any one of the above embodiments is applicable as a
display device of electronic equipment across all disciplines
adapted to display a video signal fed thereto from external
equipment or generated therein including a television set,
digital camera, laptop personal computer, PDA such as
mobile phone and video camcorder.

(Module)

[0212] The organic EL display device according to any one
of the above embodiments is incorporated, for example, as a
module as shown in FIG. 19 in a variety of electronic equip-
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ment including those described later as application examples
1 to 5. This module has, on one side of the substrate 11, a
region 210 that is exposed from the protective layer 30 and
sealing substrate 40. External connection terminals (not
shown) are formed in the region 210 by extending wiring
from the signal line drive circuit 120 and scan line drive
circuit 130. The external connection terminals may have a
flexible printed circuit (FPC) 220 for exchange of signals.

Application Example 1

[0213] FIG. 20 illustrates the appearance of a television set
to which the organic EL display device according to one of the
above embodiments is applied. This television set has, for
example, a video display screen section 300 that includes a
front panel 310 and filter glass 320. The video display screen
section 300 includes the organic EL display device according
to one of the above embodiments.

Application Example 2

[0214] FIGS. 21A and 21B illustrate the appearance of a
digital camera to which the organic EL display device accord-
ing to one of the above embodiments is applied. This digital
camera has, for example, a flash-emitting section 410, display
section 420, menu switch 430 and shutter button 440. The
display section 420 includes the organic EL display device
according to one of the above embodiments.

Application Example 3

[0215] FIG. 22 illustrates the appearance of a laptop per-
sonal computer to which the organic EL display device
according to one of the above embodiments is applied. This
laptop personal computer has, for example, a main body 510,
a keyboard 520 adapted to be manipulated for entry of text or
other information and a display section 530 adapted to dis-
play an image. The display section 530 includes the organic
EL display device according to one of the above embodi-
ments.

Application Example 4

[0216] FIG. 23 illustrates the appearance of a video cam-
corder to which the organic EL display device according to
one of the above embodiments is applied. This video cam-
corder has, for example, a main body section 610, lens 620
provided on the front-facing side surface of the main body
section 610 to capture the image of the subject, imaging
start/stop switch 630 and display section 640. The display
section 640 includes the organic EL display device according
to one of the above embodiments.

Application Example 5

[0217] FIGS. 24A to 24G illustrate the appearance of a
mobile phone to which the organic EL display device accord-
ing to one of the above embodiments is applied. This mobile
phone includes upper and lower enclosures 710 and 720
connected by a connection section (hinge section) 730 and
has, for example, a display 740, subdisplay 750, picture light
760 and camera 770. The display 740 or subdisplay 750
includes the organic EL display device according to one of the
above embodiments.

[0218] Although described above by way of preferred
embodiments, the present disclosure is not limited to the
above embodiments but may be modified in various manners.
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[0219] For example, the materials and thicknesses of the
different layers or the film formation methods and conditions
described in the above embodiments are not limited. Instead,
the different layers may be made of different materials and
have different thicknesses or may be formed by different
methods and under different conditions.

[0220] Further, although specific configurations of the red,
green and blue organic EL elements 10R, 10G and 10B were
described in the above embodiments, it is not necessary to
provide all the layers. Still further, other layers may be addi-
tionally provided.

[0221] Still further, although a description was given of a
three primary color display device having, as organic EL
elements other than blue (second organic EL elements), red
and green organic EL elements in the above embodiments, the
second organic EL elements are at least one, and preferably
two, of the red, green, yellow and white organic EL elements.
For example, the present disclosure is applicable to a two
primary color display device that includes blue and yellow
organic EL elements.

[0222] In addition, the present disclosure is applicable to a
four primary color display device having, as second organic
EL elements, yellow or white organic EL element, together
with the red and green organic EL elements. In this case, if the
red, blue, green and yellow organic EL elements 810R, 810B,
810G and 810Y are arranged in this order as illustrated in
FIG. 25, the drying speed is high on the left side of each of the
green organic EL elements 810G and on the right of each of
the red organic EL elements 810R, thus resulting in larger
film thicknesses.

[0223] Therefore, the rectangular (e.g., square) red, green
and yellow organic EL elements 10R, 10G and 10Y are each
arranged at one of the corners of each of the pixels 10, with the
blue organic EL element 10B arranged at the remaining one
corner as illustrated in FIGS. 26 to 28. As aresult, each of the
green organic EL elements 10G is adjacent to the blue organic
EL elements 10B in the same or adjacent pixel on its left and
right sides in the first example shown in FIG. 26. This sup-
presses non-uniform drying speed of the applied solution on
the left and right sides of each of the green organic EL ele-
ments 10G, thus providing reduced imbalance in thickness of
the green light-emitting layer 16CG after drying. Therefore,
improved uniformity or symmetry can be achieved in the
horizontal thickness distribution. On the other hand, each of
the red organic EL elements 10R is adjacent to the blue
organic EL elements 10B in the same or adjacent pixel on its
upper and lower sides. This suppresses non-uniform drying
speed of the applied solution on the upper and lower sides of
each of the red organic EL elements 10R, thus providing
reduced imbalance in thickness of the red light-emitting layer
16CR after drying. Therefore, improved uniformity or sym-
metry can be achieved in the vertical thickness distribution.

[0224] Each of the yellow organic EL elements 10Y is
adjacent to the blue organic EL elements 10B in the same or
adjacent pixel on its left and right sides in the second example
shown in FIG. 27. This suppresses non-uniform drying speed
ofthe applied solution on the left and right sides of each of the
yellow organic EL elements 10Y, thus providing reduced
imbalance in thickness of the yellow light-emitting layer after
drying. Therefore, improved uniformity or symmetry can be
achieved in the horizontal thickness distribution. The same as
in the first example holds for the red organic EL elements
10R.
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[0225] Each of the red organic EL elements 10R is adjacent
to the blue organic EL elements 10B in the same or adjacent
pixel on its left and right sides in the third example shown in
FIG. 28. This suppresses non-uniform drying speed of the
applied solution on the left and right sides of each of the red
organic EL elements 10R, thus providing reduced imbalance
in thickness of the red light-emitting layer 16CR after drying.
Therefore, improved uniformity or symmetry can be achieved
in the horizontal thickness distribution. Further, each of the
green organic EL elements 10G is adjacent to the blue organic
EL elements 10B in the same or adjacent pixel on its upper
and lower sides in the first example shown in FIG. 26. This
suppresses non-uniform drying speed of the applied solution
on the upper and lower sides of each of the green organic EL.
elements 10G, thus providing reduced imbalance in thickness
of the green light-emitting layer 16CG after drying. There-
fore, improved uniformity or symmetry can be achieved in the
vertical thickness distribution.

[0226] Alternatively, the red, green and yellow organic EL
elements 10R, 10G and 10Y may be arranged in one direction
as illustrated as the fourth example in FIG. 29. Each of the red,
green and yellow organic EL elements 10R, 10G and 10Y is
adjacent to the blue organic EL elements 10B in the same or
adjacent pixel on its upper and lower sides. This suppresses
non-uniform drying speed of the applied solution on the
upper and lower sides of each of the red, green and yellow
organic EL elements 10R, 10G and 10Y, thus providing
reduced imbalance in thickness of the red and green light-
emitting layers 16CR and 16CG and the yellow light-emitting
layer after drying. Therefore, improved uniformity or sym-
metry can be achieved in the vertical thickness distribution.
This fourth example is more preferred because the red, green
and yellow organic EL elements 10R, 10G and 10Y are iden-
tically shaped (identical in area). Further, the aperture ratio
can be adjusted by shortening the short sides of the blue
organic EL elements 10B and lengthening the long sides of
the red, green and yellow organic EL elements 10R, 10G and
10Y as illustrated as the fifth example in FIG. 30.

[0227] Itshould be noted that the same also holds true when
the yellow organic EL elements 10Y are replaced by thee
white organic EL elements in FIGS. 26 to 30.

[0228] Further, although a case was described in the above
embodiments in which the present disclosure is applied to
active matrix display devices, the present disclosure is also
applicable to passive matrix display devices. Still further, the
configuration of the pixel drive circuit adapted to achieve
active matrix driving is not limited to that described in the
above embodiments. Instead, capacitive elements and tran-
sistors may be added as necessary. In this case, necessary
drive circuits may be added in addition to the signal line drive
circuit 120 and scan line drive circuit 130 in response to the
change in the pixel drive circuit.

[0229] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2010-225959 filed in the Japan Patent Office on Oct.
5, 2010, the entire content of which is hereby incorporated by
reference.

[0230] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors in so far as they are within the scope of the
appended claims or the equivalents thereof.
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What is claimed is:
1. A manufacturing method of an organic electrolumines-
cence display device comprising:

forming, on a substrate, a lower electrode for each of ablue
first organic electroluminescence element and second
organic electroluminescence elements of other colors;

forming, by a coating method, first hole injection/transport
layers on or above the lower electrode, one for each of
the first and second organic electroluminescence ele-
ments, each of the first hole injection/transport layers
having at least a hole injection or hole transport charac-
teristic;

forming, by a coating method, second organic light-emit-
ting layers of other colors on the first hole injection/
transport layers of the second organic electrolumines-
cence elements;

forming, by a vapor deposition method, a blue first organic
light-emitting layer over the entire surfaces of the sec-
ond organic light-emitting layers and the first hole injec-
tion/transport layer of the first organic electrolumines-
cence element, the blue first organic light-emitting layer
being made of a low molecular weight material; and

forming electron injection/transport layers and an upper
electrode sequentially over the entire surface of the first
organic light-emitting layer, each of the electron injec-
tion/transport layers having at least an electron injection
or electron transport characteristic, wherein

a plurality of pixels, each having the first and second
organic electroluminescence elements arranged in the
same positional relationship, are provided in the organic
electroluminescence display device, and

each of the second organic electroluminescence elements
is adjacent to the first organic electroluminescence ele-
ments in the same or adjacent pixel at least on its two
sides opposed to each other.
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2. The manufacturing method of an organic electrolumi-
nescence display device of claim 1, wherein
ink jet, nozzle printing, letterpress printing, gravure print-
ing or reverse offset printing is used as the coating
method.
3. The manufacturing method of an organic electrolumi-
nescence display device of claim 2, wherein
each of the second organic electroluminescence elements
is at least one of the red, green yellow and white organic
electroluminescence elements.
4. The manufacturing method of an organic electrolumi-
nescence display device of claim 3, wherein
the second organic electroluminescence elements are
arranged each at one of the two corners on a diagonal
line in each of the plurality of pixels.
5. The manufacturing method of an organic electrolumi-
nescence display device of claim 3, wherein
the first and second organic electroluminescence elements
are long, narrow and rectangular,
the second organic electroluminescence elements are
arranged equidistantly in the direction parallel to the
short sides of the rectangles, and
the first organic electroluminescence element is arranged
between the second organic electroluminescence ele-
ments.
6. The manufacturing method of an organic electrolumi-
nescence display device of claim 3, wherein
the second organic electroluminescence elements are
arranged in one direction.
7. The manufacturing method of an organic electrolumi-
nescence display device of claim 5, wherein
the second organic electroluminescence elements differ in
area from the first organic electroluminescence element.

#* #* &k %
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