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7) ABSTRACT

At least one of an organic emitting layer, an electron
injection layer and an electron transfer layer for pixels of an
organic electroluminescence panel is formed from a depo-
sition material by deposition via mask holes of a multilayer
metal mask. The multilayer metal mask has a first metal
layer on the side of a transparent substrate for forming the
organic electroluminescence panel and a second metal layer
on the side of a supply source of the deposition material,
which metal layers are different in material. The second
metal layer is made of a thick plate of magnetic material.
The area of each first mask hole of the first metal layer is
made equal to or smaller than that of each second mask hole
of the second metal layer. Such a configuration can provide
a metal mask forming organic electroluminescence devices
with high reliability, high mechanical strength and high
performance. Thus, a high-definition and high-quality
organic electroluminescence display panel can be realized.

N
N

L

N

%

N

W

7

\\\\\\\\\“\\\\\\\

24A

L cccccccced

55

7
\\\\\\\\\\\\\\{\\\\\R\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\

N

AR

/i

4

Z

Pf
7
4

(b)




Patent Application Publication  Jul 15,2004 Sheet 1 of 12 US 2004/0135498 Al

FIG.1




(a)

(b)

(c)

(d)

(o)




Patent Application Publication Jul. 15,2004 Sheet 3 of 12 US 2004/0135498 Al

FIG.3
24A\ 40\ 29

(a)

(b)

(c)

(d)

26

(o) |

|




ication Jul. 15,2004 Sheet 4 of 12 US
FIG.4

100 101

9.\\\‘-\}\\\\\\“m\»\\\\\v-\}:‘\\\v

55 102




US 2004/0135498 A1

Sheet 5 of 12

2004

’

Patent Application Publication Jul. 15

FIG.6

23um - 46um )

ViI

100(a)
24A
55

110 (a)

Ty

N
N
N
N
A
\
I
NN

\ ,
e 7w 77 7
\ 7 7
N
”..\..Huu.m e ......H...\..h.h..u-
/%//MW/“//V .., R
Ll
wnrlg Eiom
G e



Patent Application Publication Jul. 15,2004 Sheet 6 of 12 US 2004/0135498 Al

FIG.7

23um 46um

<RS5um

100(b)

I
7

-

A\ N\

TEXIFFIY.

24A

\
.

N
N
N

7//

o -

N

N

,

110 (b)

(b)




Patent Application Publication Jul. 15,2004 Sheet 7 of 12 US 2004/0135498 Al

FIG.8

SRS
Ly 1M,
. / 100(c)
gl /
&
‘//\ N
% ;: E
/?E 244
(7] N |
(2) v/ f/) 5
Y X
7 : 55
B =
7 |
A :
/: : :
N
B
B
110 (¢)
(] TS
G| B| |R| |G| |B| [R
S I I i 7/‘
(b) G| |B| |R| IG 9/ %
B| R| G




Patent Application Publication Jul. 15,2004 Sheet 8 of 12 US 2004/0135498 Al

FIG.9

4A

400 24A
110 » V:"
\ Y 0\
a

[~

(a) (b)



Patent Application Publication Jul. 15,2004 Sheet 9 of 12 US 2004/0135498 Al

306

FIG.10

301




Patent Application Publication Jul. 15,2004 Sheet 10 of 12 US 2004/0135498 Al

FIG.T1

304

69.um

4
2um, ¢ 27umy,

14 9um

— 69um




Patent Application Publication Jul. 15,2004 Sheet 11 of 12 US 2004/0135498 Al

FIG.12

110(a) 110(b) 110(c)

304




Patent Application Publication Jul. 15,2004 Sheet 12 of 12 US 2004/0135498 Al

FIG.13

201

| —— 202

ety

E5 7 N 205




US 2004/0135498 Al

ORGANIC ELECTROLUMINESCENCE PANEL
AND METHOD FOR MANUFACTURING THE
SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a display device,
and particularly relates to a method for manufacturing an
organic electroluminescence panel high in definition and
excellent in productivity, and an organic electrolumines-
cence panel manufactured in the manufacturing method.

[0002] An organic electroluminescence (EL) panel is to
display an image with organic EL devices disposed two-
dimensionally and driven by a current. Each organic EL
device typically has a laminated structure of organic mate-
rials including a hole transfer layer, a hole injection layer, an
emitting layer, an electron injection layer, an electron trans-
fer layer and the like on a transparent substrate such as a
glass plate. The organic EL device is constituted by a pair of
electrodes having the laminated structure put therebetween
for allowing a formed current to flow into the laminated
structure. At least one of the paired electrodes is transparent.
More specifically, the organic EL device is a capacitive
display device as follows. That is, a hole transfer layer, a
hole injection layer, an emitting layer, an electron injection
layer and an electron transfer layer are laminated on a first
electrode (typically an anode) formed for each pixel on a
transparent substrate, and further covered with a second
electrode (typically a cathode) A current is applied between
the first and second ¢lectrodes, and the emission luminance
is controlled by the current density. Such organic EL devices
(hereinafter also referred to as “devices” simply) are dis-
posed in a two-dimensional pattern so as to arrange a display
device, that is, an organic EL panel.

[0003] A display device is arranged with the organic EL
panel in combination with functional parts such as a drive
circuit and the like. Organic EL panels are categorized into
a passive matrix type and an active matrix type. In the
passive matrix type, a plurality of first electrodes and a
plurality of second electrodes are crossed to form pixels in
the crossing portions respectively. In the active matrix type,
an active device such as a thin film transistor is provided for
each pixel, and a first electrode to be driven by the active
device is provided. The active matrix type prevails due to its
resolution or high-speed display. Description will be made
below taking the active matrix type for instance.

[0004] The aforementioned respective layers to be formed
on the transparent substrate are formed by deposition using
a mask made from a metal material and referred to as a
so-called metal mask. In the background art, the metal mask
for forming an organic EL panel is produced in the following
procedure, for example, as disclosed in JP-A-2001-237072
(pages 2-6, FIG. 2).

[0005] First, a first resist pattern having a plurality of
through apertures is formed on a metal plate. Etching is
performed through the through apertures of the first resist
pattern so as to form a plurality of through apertures in the
metal plate. After that, the first resist pattern is removed from
the metal plate, and a second resist pattern having a plurality
of second through apertures is formed on the metal plate so
that metal edge portions around the plurality of through
apertures are exposed with a predetermined width from the
second through apertures respectively. Next, etching is per-

Jul. 15, 2004

formed through each of the plurality of second through
apertures of the second resist pattern so as to form a mask
body portion around the second through aperture and a
circumferential edge portion located around the mask body
portion and having a thickness larger than the thickness of
the mask body portion. Then, the second resist pattern is
removed. Thus, a metal mask is obtained.

[0006] Using the metal mask, necessary organic EL con-
stituent layers are formed sequentially on the transparent
substrate having active devices (which will be regarded as
thin film transistors below for explanation) and first elec-
trodes to be driven by the active devices, so as to form a
laminated structure. Second electrodes are coated as the
outermost layer so as to serve as counter electrodes to the
first electrodes. Thus, an organic EL panel is arranged.

SUMMARY OF THE INVENTION

[0007] According to the aforementioned conventional
technique for manufacturing a metal mask for manufactur-
ing an organic EL panel, through aperture portions of a
pattern are formed by two steps of etching or two steps of
electroforming. In the case of etching, in the first step of
etching, it is generally difficult to make the through aperture
size smaller than the thickness of an etched plate material.
On the other hand, in the case of electroforming, it is difficult
to control the sectional shape of each aperture portion, and
it is difficult to give the aperture portion a tilt angle advan-
tageous to oblique deposition. It is therefore difficult to make
the pixel pattern of organic EL devices have high definition
and high performance. Further, it takes much time for a
precipitation step in the second step. It is therefore difficult
to increase the productivity of the metal mask.

[0008] Therefore, there is a limit to reduction in the
manufacturing cost of an organic EL panel using such a
metal mask. Thus, the improvement of the manufacturing
accuracy of the manufactured organic EL panel is limited. It
is therefore difficult to obtain a high-definition and high-
quality organic EL panel.

[0009] Tt is an object of the present invention to solve the
foregoing problems belonging to the background art. It is
another object of the present invention to provide a method
for manufacturing an organic EL display panel using a metal
mask for forming organic EL devices, with simple configu-
ration, high reliability, high mechanical strength and high
performance, and a high-definition and high-quality organic
EL display panel manufactured in the manufacturing
method.

[0010] The present invention is characterized in that a
metal mask produced in the following method is used for
manufacturing an organic EL panel in which a hole transfer
layer, a hole injection layer, an emitting layer, an electron
injection layer and an electron transfer layer are laminated
on a transparent substrate so as to be put between first and
second transparent electrodes required for applying a current
therebetween.

[0011] That is, a metal mask for forming organic EL
devices according to the present invention is comprised of a
plurality of metal layers including a metal layer on the side
of a transparent substrate of glass or the like for forming
organic EL devices with which an organic EL panel is
arranged, and a metal layer on the side of a supply source of
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an emitting layer material (deposition material) for forming
at least one of an organic emitting layer, an electron injection
layer and an electron transfer layer. These two metal layers
are different in material. At least one of the metal layers
other than the metal layer on the side of the transparent
substrate is made of a thick plate (bulk material) of a
magnetic material, while the area of each mask hole of the
metal layer on the side of the transparent substrate is equal
to or smaller than the area of each mask hole of the metal
layer on the side of the supply source of the emitting layer
material of the organic EL devices.

[0012] In addition, the metal mask for forming organic EL
devices according to the present invention is adapted so that
the portion of each mask hole of the metal layer on the side
of the supply source of the emitting layer material has a
section having a tilt angle not smaller than 30 degrees and
not larger than 85 degrees, and the metal layer on the side of
the transparent substrate for the organic EL devices is
thinner than the metal layer on the side of the supply source
of the emitting layer material. Then, smaller one of the
longitudinal size and the crosswise size of each mask hole
portion of the metal layer on the side of the supply source of
the emitting layer material is made not smaller than 5
micrometers and not larger than 50 micrometers, while the
aperture portions of the metal layer on the side of the
transparent substrate are made to have longitudinal and
crosswise sizes corresponding to the pixels of the organic EL
devices respectively.

[0013] Further, each mask hole portion of the metal layer
on the side of the supply source of the emitting layer
material is made to have a longitudinal size corresponding to
a plurality of pixels, and the metal layer on the side of the
transparent substrate is formed in an additive method, while
the metal layer on the side of the supply source of the
emitting layer material is formed in a subtractive method.

[0014] In addition, the metal mask for forming organic EL
devices according to the present invention may be formed in
a manner different from the aforementioned manner. That is,
the metal layer on the side of the transparent substrate and
the metal layer on the side of the supply source of the
emitting layer material are formed by sintering and lami-
nating metal powder into a predetermined shape by a laser
in turn. According to further another method for manufac-
turing the metal mask, the metal layer on the side of the
transparent substrate and the metal layer on the side of the
supply source of the emitting layer material may be formed
by elimination processing using a micro electrical discharge
machining method for forming a metal plate into a prede-
termined shape.

[0015] The method in which at least one of the hole
transfer layer, the hole injection layer, the emitting layer, the
electron injection layer and the electron transfer layer is
deposited using the metal mask for forming organic EL
devices manufactured in a simple method as described
above is high in reliability and excellent in productivity. In
addition, when at least one of the hole transfer layer, the hole
injection layer, the emitting layer, the electron injection
layer and the electron transfer layer is deposited using the
metal mask, a high-definition and high-quality organic EL
panel can be obtained.
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[0016] A representative configuration of a method for
manufacturing an organic EL panel according to the present
invention will be described below. That is, the manufactur-
ing method according to the present invention is to manu-
facture an organic EL panel including a transparent substrate
having a first electrode layer and an insulating layer formed
on the first electrode layer, the first electrode layer being
comprised of pieces formed to correspond to a plurality of
pixels and to be driven by active devices respectively, the
insulating layer having rectangular apertures corresponding
to the pixels respectively, the pieces of the first electrode
layer being exposed from the rectangular apertures respec-
tively; a hole transfer layer and a hole injection layer formed
correspondingly to the plurality of pixels so as to be lami-
nated sequentially on the pieces of the first electrode layer
through the rectangular apertures; an organic emitting layer
comprised of pieces formed on the hole injection layer
correspondingly to the pixels respectively; an electron injec-
tion layer and an electron transfer layer formed sequentially
so as to be laminated on the organic emitting layer; and a
second electrode layer formed on the electron transfer layer
over the plurality of pixels in common. The manufacturing
method is characterized by including the step of forming at
least one of the organic emitting layer, the electron injection
layer and the electron transfer layer out of a deposition
material by deposition via a multilayer metal mask disposed
in close contact with the insulating layer of the transparent
substrate.

[0017] Then, the multilayer metal mask used in the manu-
facturing method according to the present invention is
characterized in that, of a plurality of metal layers of the
multilayer metal mask, a metal layer on the side of the
transparent substrate and a metal layer on the side of a
supply source of the deposition material are different in
material, and at least one of the metal layers other than the
metal layer on the side of the transparent substrate is made
of a thick plate of a magnetic material, while the area of each
mask hole of the metal layer on the side of the transparent
substrate is equal to or smaller than the area of each mask
hole of the metal layer on the side of the supply source of the
deposition material.

[0018] In addition, the multilayer metal mask is charac-
terized in that an inner wall of each mask hole portion of the
metal layer on the side of the supply source of the deposition
material has a funnel-like shape having a tilt angle not
smaller than 30 degrees and not larger than 85 degrees, and
open to the side of the supply source of the deposition
material.

[0019] Further, the multilayer metal mask is characterized
in that the metal layer on the side of the transparent substrate
is thinner than the metal layer on the side of the supply
source of the deposition material.

[0020] In addition, the multilayer metal mask is charac-
terized in that the mask holes of the metal layer on the side
of the transparent substrate has longitudinal and crosswise
sizes corresponding to the pixels respectively, while each
mask hole of the metal layer on the side of the supply source
of the deposition material has a longitudinal size including
a plurality of the pixels in common.

[0021] A representative configuration of an organic EL
panel manufactured in the aforementioned manufacturing
method according to the present invention will be described
below.
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[0022] That is, the organic EL panel includes a transparent
substrate having a first electrode layer and an insulating
layer formed on the first electrode layer, the first electrode
layer being comprised of pieces formed to correspond to a
plurality of pixels and to be driven by active devices
respectively, the insulating layer having rectangular aper-
tures corresponding to the pixels respectively, the pieces of
the first electrode layer being exposed from the rectangular
apertures respectively; a hole transfer layer and a hole
injection layer formed correspondingly to the plurality of
pixels so as to be laminated sequentially on the first elec-
trode layer through the rectangular apertures; an organic
emitting layer comprised of pieces formed on the hole
injection layer correspondingly to the pixels respectively; an
electron injection layer and an electron transfer layer formed
sequentially so as to be laminated on the organic emitting
layer; and a second electrode layer formed on the electron
transfer layer over the plurality of pixels in common. The
organic EL panel is characterized in that each short side of
the rectangular apertures is not longer than 14 micrometers,
while each long side thereof is not longer than 42 microme-
ters.

[0023] Further, the organic EL panel according to the
present invention is characterized in that each piece of the
organic emitting layer formed for each pixel on the hole
injection layer and each piece of the electron injection layer
and the electron transfer layer formed and laminated on the
organic emitting layer are larger than each of the rectangular
apertures exposing the first electrode layer therefrom, and a
curvature radius of each corner portion of the rectangular
apertures is not larger than 5 micrometers.

[0024] In addition, the organic EL panel according to the
present invention is characterized in that a pitch of the pixels
formed in the rectangular apertures respectively is not longer
than 69 micrometers along the long sides of the rectangular
apertures and not longer than 23 micrometers along the short
sides of the rectangular apertures.

[0025] Incidentally, the present invention is not limited to
the aforementioned configurations of the manufacturing
methods and the organic EL panels or the configurations of
manufacturing methods and organic EL panels disclosed in
embodiments which will be described later. Not to say,
various modifications can be made therein without departing
from the technical idea of the present invention.

[0026] The multilayer metal mask according to the present
invention is high in reliability in spite of its simple configu-
ration. When an emitting layer or the like is formed using the
multilayer metal mask, a high-definition organic EL panel
can be obtained. Then, when the obtained organic EL panel
is incorporated, a high-quality organic EL display device can
be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and other features, objects and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings wherein:

[0028] FIG. 1 is a sectional view showing the configura-
tion of a multilayer metal mask to be used for manufacturing
an organic EL panel according to an embodiment of the
present invention;
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[0029] FIGS. 2A-2F are sectional views typically showing
a process for manufacturing one surface of the multilayer
metal mask to be used for manufacturing the organic EL
panel according to the embodiment of the present invention;

[0030] FIGS. 3A-3F are sectional views typically showing
a process for manufacturing the other surface of the metal
mask to be used for organic EL devices according to the
embodiment of the present invention;

[0031] FIG. 4 is a schematic view typically showing a
resist exposure mask of the metal mask to be used for
organic EL devices according to the present invention;

[0032] FIG. 5 is an enlarged sectional view typically
showing the multilayer metal mask according to the embodi-
ment;

[0033] FIGS. 6A and 6B are conceptual views of a
multilayer metal mask to be used for deposition of a green
emitting layer or the like of the organic EL panel according
to the present invention, and pixel apertures which are
aperture portions of an insulating film on a transparent
substrate forming the organic EL panel;

[0034] FIGS. 7A and 7B are conceptual views of a
multilayer metal mask to be used for deposition of a blue
emitting layer or the like of the organic EL panel according
to the present invention, and the pixel apertures which are
the aperture portions of the insulating film on the transparent
substrate forming the organic EL panel;

[0035] FIGS. 8A and 8B are conceptual views of a
multilayer metal mask to be used for deposition of a red
emitting layer or the like of the organic EL panel according
to the present invention, and the pixel apertures which are
the aperture portions of the insulating film on the transparent
substrate forming the organic EL panel,

[0036] FIGS. 9A and 9B are plan views for explaining the
state of a failure in deposition on a pixel aperture in
accordance with the radius (R) size of a corner portion of a
multilayer metal mask according to the present invention;

[0037] FIG. 10 is an explanatory view of a method for
manufacturing an organic EL panel according to the present
invention;

[0038] FIG. 11 is a partial plan view of an organic EL
panel, showing an example of an array of pixels formed by
use of a multilayer metal mask according to the present
invention;

[0039] FIG. 12 is a partial plan view of an organic EL
panel for explaining another example of an array of sub-
pixels constituting a color pixel on the organic EL panel
according to the present invention; and

[0040] FIG. 13 is an explanatory view of an example of a
high-definition organic EL display device in which an
organic EL panel manufactured according to the present
invention has been incorporated.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0041] Embodiments of the present invention will be
described below in detail with reference to the drawings.
First, description will be made on a multilayer metal mask
for forming organic EL devices. After that, description will
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be made on a method for manufacturing an organic EL panel
using this multilayer metal mask, and the configuration of
the manufactured organic EL panel.

[0042] FIG. 1 is a sectional view showing the configura-
tion of a multilayer metal mask to be used for manufacturing
an organic EL panel according to an embodiment of the
present invention. As shown in FIG. 1, a multilayer metal
mask 100 for forming an organic EL panel according to the
present invention is constituted by a first layer 26 forming
one surface thereof and a second layer 21 forming the other
surface thereof. The first layer 26/as first mask holes 24A,
which are small aperture portions formed by an electroform-
ing method that is one of additive methods. The second layer
21 has second mask holes 55, which are large aperture
portions formed in a thick plate of a magnetic material by an
etching process that is one of subtractive methods.

[0043] FIGS. 2A-2F are sectional views typically showing
a process for manufacturing one surface of the multilayer
metal mask to be used for manufacturing an organic EL
panel according to the embodiment of the present invention.
Incidentally, it can be noted that the following specific
numerical values are merely taken for instance. In the
multilayer metal mask, as shown in FIG. 2A, a resist 22 is
first applied to the both sides of a 42 alloy (42% nickel-iron
alloy) plate 210 as a substrate 30 micrometers thick, which
plate 210 will serve as the second layer 21. Then, as shown
in FIG. 2B, a first exposure mask 23 having small aperture
portions 23A is brought into close contact with one surface
(top surface in FIG. 2B) of the 42 alloy plate 210.

[0044] After that, as shown in FIG. 2C, the first exposure
mask 23 is irradiated with ultraviolet light so that the resist
22 exposed through the aperture portions 23A is exposed to
the light. The resist 22 is developed so that unexposed resist
is removed. Thus, first convex shapes 24 for producing the
first mask holes of the multilayer metal mask for forming the
pattern of the organic EL panel are patterned (FIG. 2D). The
shape of the multilayer metal mask at this time is identical
to a final deposition pattern defining the shape of organic EL
devices.

[0045] Next, the 42 alloy plate 210 as a substrate where
the first convex shapes 24 have been formed is put into a
solution tank receiving a solution containing nickel ions. A
current is applied between an anode provided in the solution
tank and the 42 alloy plate 210 whose both sides have been
coated with the resist 22. Thus, as shown in FIG. 2E, a
nickel layer 26 is electrodeposited to the surface of the 42
alloy plate 210 where the first convex shapes 24 have been
formed.

[0046] The 42 alloy plate 210 is immersed in a bath of
resist stripper such as hydrogen peroxide solution, so as to
strip and remove the first convex shapes 24 of the resist and
the resist 22 applied to the other surface (bottom surface in
FIG. 2E) of the 42 alloy plate 210. Thus, an intermediate
substrate 29 in which the 42 alloy plate 210 has been
integrated with the nickel layer 26 having the first mask
holes 24A serving as apertures having a pattern capable of
depositing the shape of organic EL devices finally can be
obtained as shown in FIG. 2F.

[0047] Incidentally, as for the pixel pattern (device pat-
tern) of the high-definition organic EL panel in this embodi-
ment, each pixel aperture formed in the transparent substrate
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is a slot-like aperture (rectangular aperture) having long
sides in one direction and short sides in another direction.
Here assume that the short side size of each slot-like pixel
aperture is set at 14 micrometers, and the long side size
thereof is set at 42 micrometers. When a color pixel is
constituted by sub-pixels of three colors of red (R), green
(G) and blue (B), the mask holes of the multilayer metal
mask corresponding to the pixel apertures have to allow
deposition all over the sub-pixels in intended color pixels
without fail, and have to prevent the color of each pixel from
being mixed with the color of a pixel adjacent thereto.

[0048] To this end, in this embodiment, assume that the
short side size of the first mask holes 24A of the multilayer
metal mask corresponding to the pixel apertures is set at 23
micrometers, and the long side size thereof is set at 60
micrometers. In general electrodeposition (or electroform-
ing), it is difficult as a matter of working process that a
smaller one of the longitudinal size (long side size) and the
crosswise size (short side size) of the rectangular first mask
holes 24A is not longer than a size t when the size t
designates the thickness of a deposited layer. Therefore, in
this embodiment, the thickness of the deposited layer is set
at 23 micrometers in order to form small apertures (first
mask holes) whose short side size is 23 micrometers for the
sake of high definition.

[0049] Although the mask holes for forming a fine organic
EL device pattern can be formed by setting such a dimen-
sional relationship, it is highly likely that the mask will be
broken because it is very difficult to handle the mask as a
deposition mask when the mask is 23 micrometers thick, that
is, as thick as the deposited layer. In addition, in the same
manner, also in processing using etching, there is a limit to
the relationship between the plate thickness and the aperture
size. To form minute apertures, it is necessary to use an
extremely thin substrate. However, there is no material as
thin as 23 micrometers in substrates generally used as
masks. It is therefore practically difficult to use such a thin
substrate.

[0050] Thus, it is extremely difficult to form minute aper-
ture portions serving as mask holes measuring 23 microme-
ters in short side size by etching. In this embodiment,
however, the 42 alloy plate 210 serving as the substrate is
used so that a high-definition multilayer metal mask having
no problem in strength can be formed through the following
steps. In addition, when minute aperture portions (first mask
holes) are formed by an electrodeposited layer, the curvature
radius (R-size) of each corner portion of the aperture por-
tions is set to be not larger than 5 micrometers due to the
excellent rectangular resist pattern accuracy.

[0051] FIGS. 3A-3F are sectional views typically showing
a process for manufacturing the other surface of the metal
mask to be used for organic EL devices according to the
embodiment of the present invention. FIGS. 3A-3F are
process views for explaining the process for forming aper-
ture portions on a surface opposite to the aforementioned
surface. FIG. 4 is a schematic view typically showing a
resist exposure mask, and FIG. 5 is an enlarged sectional
view typically showing a multilayer metal mask in this
embodiment.

[0052] First, as shown in FIG. 3A, a resist 43 is applied
to whole surfaces 40 and 41 of the intermediate substrate 29
in which the 42 alloy plate 210 subjected to the aforemen-
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tioned process illustrated in FIGS. 2A-2F has been inte-
grated with the nickel layer 26 having small aperture por-
tions, that is, the first mask holes 24A to be opposed to a
transparent substrate of an organic EL panel. The surface 40
has the first mask holes 24A, and the surface 41 is opposite
to the surface 40. Then, a second exposure mask 44 is
brought into close contact with the surface 41 opposite to the
surface 40 having the first mask holes 24A as shown in FIG.
3B, and exposure and development steps are carried out as
shown in FIG. 3C.

[0053] Assume that the second exposure mask 44 used
here has a large number of stripe-shaped aperture patterns 49
as shown in FIG. 4, and each stripe-shaped aperture pattern
49 measures 39 micrometers in short side. The long sides of
the stripe-shaped aperture patterns 49 are parallel to the long
sides of the first mask holes 24A, while the centers of the
stripe-shaped aperture patterns 49 coincide with the centers
of the first mask holes 24A respectively with respect to the
up/down direction. Then, as shown in FIG. 3D, the resist 43
in the non-developed portion is removed so that second
convex shapes 45 are formed on the surface opposite to the
surface 40 having the first mask holes 24A. In this state, the
portion of the 42 alloy plate 210 having no resist is etched
by an etching step, so that the 42 alloy plate 210 is processed
into a shape having second mask holes 55 in the second layer
21 as shown in FIG. 3E. In this event, the etching conditions
are adjusted so that the inner walls of the second mask holes
55 formed in the second layer 21 are shaped to have a
funnel-shaped section inclined at an angle of about 60
degrees. The long sides and the short sides of the second
mask holes 55 are parallel with the long sides and the short
sides of the first mask holes 24A respectively, while the
centers of the second mask holes 55 coincide with the
centers of the first mask holes 24 A respectively. Incidentally,
these first and second layers are referred to as metal layers
in claims.

[0054] Finally, the resist 43 is removed with resist stripper
similar to the aforementioned one, so that a metal mask
(multilayer metal mask) 100 having a multilayer structure as
shown in FIG. 3F is obtained. FIG. 5 shows an enlarged
sectional view of the completed multilayer metal mask 100.
The multilayer metal mask 100 has a structure as follows.
That 1s, small apertures corresponding to high definition,
that is, the first mask holes 24A are formed in an electrode-
posited portion 101 (corresponding to the reference numeral
26 in FIGS. 2A-2F). On the other hand, the strength is
secured by a second layer 102 (corresponding to the refer-
ence numeral 21 in FIGS. 2A-2F and 3A-3F) in which large
aperture portions, that is, the second mask holes 55 are
formed by etching, while deposition materials are allowed to
pass through the multilayer metal mask 100 efficiently. Thus,
uniform deposition can be carried out on the organic EL
device pattern portions (pixel apertures of the transparent
substrate).

[0055] Incidentally, another embodiment for manufactur-
ing a multilayer metal mask adopts a method for forming the
aforementioned metal mask 100 using a so-called rapid
prototyping method. In this method, metal powder is
scanned with a laser beam sequentially so as to be sintered
and laminated in a predetermined shape as a metal layer
(first layer, corresponding to the electrodeposited portion
101 in FIG. 5) on the side of a transparent substrate for
forming an organic EL panel, and a metal layer (correspond-
ing to the second layer 102 in FIG. 5) on the side of a supply
source of an emitting layer material.
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[0056] Further another embodiment for manufacturing a
multilayer metal mask adopts a method in which a metal
plate is formed into a predetermined shape by elimination
processing using a micro electrical discharge machining
method so as to form a metal layer on the side of a
transparent substrate for forming an organic EL panel, and
a metal layer on the side of a supply source of an emitting
layer material.

[0057] Next, description will be made on an embodiment
of a method for manufacturing an organic EL panel using the
aforementioned multilayer metal mask. First, thin film tran-
sistors (TFTs) are formed on a transparent substrate of glass
or the like in a general method used for manufacturing a
liquid crystal panel. After that, a transparent electrode (ITO
(Indium Tin Oxide)) film and an insulating film are formed
sequentially all over the surface of the transparent substrate.
Aperture portions (pixel apertures) are provided in the
insulating film so as to form pixels in accordance with
desired definition, and a hole transfer layer and a hole
injection layer are deposited all over the surface.

[0058] Next, using multilayer metal masks as described
above, emitting layers are deposited to coat the aperture
portions of the insulating film serving as pixel apertures in
different three colors (green, blue and red), and an electron
transfer layer, an electron injection layer and the like are
deposited. The deposition will be described specifically with
reference to FIGS. 6A-6B, 7A-7B, 8A-8B and 9A-9B.

[0059] FIGS. 6A and 6B are conceptual views of a
multilayer metal mask to be used for deposition of a green
emitting layer and the like of the organic EL panel according
to the present invention, and pixel apertures which are
aperture portions of an insulating film on a transparent
substrate forming the organic EL panel. FIGS. 7A and 7B
are conceptual views of a multilayer metal mask to be used
for deposition of a blue emitting layer or the like of the
organic EL panel according to the present invention, and the
pixel apertures which are the aperture portions of the insu-
lating film on the transparent substrate forming the organic
EL panel. FIGS. 8A and 8B are conceptual views of a
multilayer metal mask to be used for deposition of a red
emitting layer or the like of the organic EL panel according
to the present invention, and the pixel apertures which are
the aperture portions of the insulating film on the transparent
substrate forming the organic EL panel. FIGS. 9A and 9B
are plan views for explaining the state of a failure in
deposition on a pixel aperture in accordance with the radius
(R) size of a corner portion of a multilayer metal mask
according to the present invention. FIG. 9A shows the case
where the curvature radius of a corner portion of the
multilayer metal mask is not larger than 5 micrometers, and
FIG. 9B shows the case where the curvature radius of a
corner portion of the multilayer metal mask is large beyond
5 micrometers.

[0060] Incidentally, FIGS. 6A-8A are plan views of a
multilayer metal mask having small aperture portions serv-
ing as the first mask holes 24A and large aperture portions
serving as the second mask holes 55, and FIGS. 6B-8B are
plan views of aperture portions of the insulating film on the
transparent substrate forming the organic EL panel. Here, it
is preferable that the curvature radius (hereinafter referred to
as “R-size”) of each corner portion of the first mask holes
24A of the multilayer metal mask has a value as close to the
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R-size of each corner portion of the aperture portions of the
insulating film on the transparent substrate forming the
organic EL panel as possible. The reason will be described
below.

[0061] When the R-size of each corner portion of the
aperture portions of the insulating film is reduced, the
aperture area increases so that the emitting area of each
emitting device can be increased, resulting in increase in
luminance of the organic EL panel. Therefore, the R-size of
each corner portion of the first mask holes 24A shown in
FIGS. 6A-8A is set to be approximately as large as the
R-size of each pixel aperture or not larger than 5 microme-
ters. As a result, as shown in FIG. 9A, the R-size of cach
corner portion of the pixel apertures can be made as small as
that of each corner portion of the aperture portions of the
insulating film even if misalignment with respect to the pixel
apertures 110 occurs in the deposition pattern using the first
mask holes 24« of the multilayer metal mask. Thus, lack of
deposition to the pixel aperture portions or mixture with
other colors can be prevented effectively.

[0062] The R-size of each corner portion of the first mask
holes 24A is set to be not larger than 5 micrometers for the
following reason. Since the pixel apertures are formed by
exposure and development using a precision exposure pro-
cess, the pixel apertures can have an R-size of about 1
micrometer. On the other hand, the metal mask holes are
formed by exposure and development using a precision
process in the same manner. However, when the resist is
peeled off using resist stripper in a process as shown in
FIGS. 2E and 2F, an R-size large enough to prevent the
resist from being left as a residue in each corner portion of
the holes of the metal mask may be required. Thus, there is
set a range in which there is no large difference in size from
each pixel aperture on the assumption that the R-size is up
to 5 micrometers. Based on such a range, the R-size of each
metal mask hole is set to be approximately as large as the
R-size of each pixel aperture or up to 5 micrometers. In such
a manner, the aforementioned excellent effect can be
obtained.

[0063] On the other hand, assume that the R-size of each
corner portion of the first mask holes 24A of the multilayer
metal mask is larger than 5 micrometers. In this case, as
shown in FIG. 9B, when misalignment with respect to the
pixel apertures 110 occurs in the deposition pattern using the
first mask holes 24A of the multilayer metal mask, a
deposition lack 400 appears in each pixel aperture because
the R-size of each corner portion of the first mask holes 24a
of the multilayer metal mask is larger than the R-size of each
corner portion of the aperture portions of the insulating film.
On the other hand, when the R-size of each corner portion
of the pixel aperture portions of the insulating film is secured
to be large enough to prevent such a deposition lack, the
aperture area of each pixel, that is, the open area ratio is
reduced as described previously.

[0064] Incidentally, the aforementioned multilayer metal
mask 100 is produced for pixels of each of the three colors
(green, blue and red) in principle. Using a multilayer metal
mask 100(a) for deposition of an emitting layer and the like
for green pixels as shown in FIG. 6A, a multilayer metal
mask 100(b) for deposition of an emitting layer and the like
for blue pixels as shown in FIG. 7A and a multilayer metal
mask 100(c) for deposition of an emitting layer and the like
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for red pixels as shown in FIG. 8A, deposition is carried out
on aperture portions of the insulating film corresponding to
the colors of the multilayer metal masks, that is, pixel
apertures 110(a), 110(b) and 110(c) respectively. Inciden-
tally, a system using one mask may be adopted as follows.
That is, the mask finishing deposition for one color is
displaced to a distance to an adjacent color so as to perform
deposition for the adjacent color.

[0065] FIG. 10 is an explanatory view of a method for
manufacturing an organic EL panel according to the present
invention, showing a conceptual view of a deposition appa-
ratus for depositing an emitting layer and the like using the
aforementioned multilayer metal mask. The deposition
apparatus shown in FIG. 10 has a magnet plate 302 and a
deposition source 306 in a deposition tank 301. The magnet
plate 302 has a sheet-like shape similar to the organic EL
panel. A transparent substrate 304 of the organic EL panel in
which thin film transistors and anodes as first electrodes are
formed is placed on the magnet plate 302 through a spacer
303. The multilayer metal mask 100 supported by a frame
305 is put on top of the transparent substrate 304. Thus, the
transparent substrate 304 is electromagnetically sucked and
fixed between the multilayer metal mask 100 and the magnet
plate 302.

[0066] In this state, materials of an emitting layer and so
on, that is, parts or all of a hole transfer layer, a hole injection
layer, an organic emitting layer to be formed for each pixel
on the hole injection layer, an electron injection layer and an
electron transfer layer to be formed and laminated in turn on
the organic emitting layer, are deposited from the deposition
source 306. The multilayer metal mask 100 is placed so that
its large aperture portions serving as the second mask holes
are opposed to the deposition source 306. Thus, a deposition
region of the emitting layer, the electron transfer layer and
so on in each sub-pixel constituting each color pixel is
defined by its corresponding first mask hole which is a small
aperture portion of the multilayer metal mask 100, and those
layers are deposited in accordance with the definition of the
first mask hole.

[0067] FIG. 11 is a partial plan view of an organic EL
panel, showing an example of an array of pixels formed by
use of a multilayer metal mask according to the present
invention. Using the multilayer metal mask as described
above, each pixel can be formed to have a minute-size shape
measuring 42 micrometers in length (long side size) by 14
micrometers in width (short side size) as shown in FIG. 11.
Thus, it is possible to obtain a high-definition organic EL
panel 304 having a pixel pitch which is 69 micrometers in
the longitudinal direction and 23 micrometers in the cross-
wise direction.

[0068] Incidentally, although this embodiment has been
described on the assumption that a formation system using
a deposition method is used, according to another embodi-
ment it is possible to adopt a method in which an emitting
layer is formed in a spray coating system using a multilayer
metal mask according to the present invention.

[0069] Further according to another embodiment, it is also
possible to adopt a method in which an emitting layer is
formed in a printing system using a multilayer metal mask
according to the present invention. After an emitting layer is
formed in any one of such various systems, an electron
transfer layer is also formed in the same method as the
emitting layer, such as a deposition method.
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[0070] Finally, cathodes serving as second electrodes are
formed out of aluminum by deposition. Thus, film formation
is terminated. After that, the portion of the organic EL panel
including a pixel region, in which portion the aforemen-
tioned respective constituent layers have been formed, is
sealed off by a sealing can made from glass, plastic or the
like and including a drying agent. Thus, the organic EL panel
is completed. When a plurality of organic EL panels are
produced in a large-size insulating substrate, the insulating
substrate is cut into unit organic EL panels one by one. Then,
the organic EL panels are completed.

[0071] Although the multilayer metal mask according to
aforementioned embodiments has a two-layer structure
comprised of a first metal layer and a second metal layer, the
present invention is not limited to this. A metal layer on the
deposition material supply source side may be formed out of
two or more sheet materials pasted to each other. In this case,
large apertures, that is, second mask holes can be formed in
the same manner as in the aforementioned embodiments.

[0072] Further, although sub-pixels forming one color
pixel for respective colors are arrayed in a straight line in the
horizontal or vertical direction of the organic EL panel in the
aforementioned embodiments, the present invention is not
limited thereto.

[0073] FIG. 12 is a partial plan view of an organic EL
panel for explaining another example of an array of sub-
pixels constituting a color pixel on an organic EL panel. As
shown in FIG. 12, the present invention can be carried out
in the arrangement in which green, blue and red sub-pixels
110(@), 110(b) and 110(c) are arrayed obliquely like a zigzag
or a delta respectively on an organic EL panel 304.

[0074] FIG. 13 is an explanatory view of an example of a
high-definition organic EL display device in which an
organic EL panel manufactured according to the present
invention has been incorporated. The reference numeral 201
represents an organic EL panel manufactured using the
aforementioned multilayer metal mask. This organic EL
panel and various circuit parts such as a drive circuit are
incorporated in a housing 202. Thus, a high-definition
display device 205 is arranged.

[0075] The present invention is not limited to a so-called
image monitor as shown in FIG. 13. It is applicable to
display devices of various electronics such as various per-
sonal computers, portable terminals including portable tele-
phones, television sets, and so on.

[0076] While we have shown and described several
embodiments in accordance with our invention, it should be
understood that disclosed embodiments are susceptible of
changes and modifications without departing from the scope
of the invention. Therefor, we do not intend to be bound by
the details shown and described herein but intend to cover all
such changes and modifications a fall within the ambit of the
appended claims.

We claim:
1. A method for manufacturing an organic electrolumi-
nescence panel including:

a transparent substrate having a first electrode layer and
an insulating layer formed on said first electrode layer,
said first electrode layer being comprised of pieces
formed to correspond to a plurality of pixels and to be
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driven by active devices respectively, said insulating
layer having rectangular apertures corresponding to
said pixels respectively, said pieces of said first elec-
trode layer being exposed from said rectangular aper-
tures respectively;

a hole transfer layer and a hole injection layer formed
correspondingly to said plurality of pixels so as to be
laminated sequentially on said pieces of said first
electrode layer through said rectangular apertures;

an organic emitting layer comprised of pieces formed on
said hole injection layer correspondingly to said pixels
respectively;

an electron injection layer and an electron transfer layer
formed to be laminated sequentially on said organic
emitting layer; and

a second electrode layer formed on said electron transfer
layer over said plurality of pixels in common;

said method comprising the step of:

forming at least one of said organic emitting layer, said
electron injection layer and said electron transfer layer
out of a deposition material by deposition via mask
holes of a multilayer metal mask disposed in close
contact with said insulating layer of said transparent
substrate;

wherein said multilayer metal mask having a plurality of
metal layers of which a metal layer on the side of said
transparent substrate and a metal layer on the side of a
supply source of said deposition material are different
in material, and at least one of said metal layers other
than said metal layer on the side of said transparent
substrate is made of a thick plate of a magnetic mate-
rial, while the area of each mask hole of said metal
layer on the side of said transparent substrate is equal
to or smaller than the area of each mask hole of said
metal layer on the side of said supply source of said
deposition material.

2. A method for manufacturing an organic electrolumi-
nescence panel according to claim 1, wherein in said mul-
tilayer metal mask an inner wall of each mask hole of said
metal layer on the side of said supply source of said
deposition material has a funnel-like shape having a tilt
angle not smaller than 30 degrees and not larger than 85
degrees, and open to said supply source of said deposition
material.

3. A method for manufacturing an organic electrolumi-
nescence panel according to claim 1, wherein in said mul-
tilayer metal mask said metal layer on the side of said
transparent substrate is thinner than said metal layer on the
side of said supply source of said deposition material.

4. A method for manufacturing an organic electrolumi-
nescence panel according to claim 1, wherein in said mul-
tilayer metal mask said mask holes of said metal layer on the
side of said transparent substrate has longitudinal and cross-
wise sizes corresponding to said pixels respectively, while
each mask hole of said metal layer on the side of said supply
source of said deposition material has a longitudinal size
including a plurality of said pixels in common.

5. A method for manufacturing an organic electrolumi-
nescence panel according to claim 1, wherein in said mul-
tilayer metal mask said mask holes of said metal layer on the
side of said transparent substrate has longitudinal and cross-
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wise sizes corresponding to said pixels respectively, while a
curvature radius of each corner portion of said mask holes is
not larger than 5 micrometers.

6. An organic electroluminescence panel comprising:

a transparent substrate having a first electrode layer and
an insulating layer formed on said first electrode layer,
said first electrode layer being comprised of pieces
formed to correspond to a plurality of pixels and to be
driven by active devices respectively, said insulating
layer having rectangular apertures corresponding to
said pixels respectively, said pieces of said first elec-
trode layer being exposed from said rectangular aper-
tures respectively;

a hole transfer layer and a hole injection layer formed
correspondingly to said plurality of pixels so as to be
laminated sequentially on said pieces of said first
electrode layer through said rectangular apertures;

an organic emitting layer comprised of pieces formed on
said hole injection layer correspondingly to said pixels
respectively;

an electron injection layer and an electron transfer layer
formed to be laminated sequentially on said organic
emitting layer; and

a second electrode layer formed on said electron transfer
layer over said plurality of pixels in common;

wherein each short side of said rectangular apertures is
not longer than 14 micrometers, while each long side
thereof is not longer than 42 micrometers.

7. An organic electroluminescence panel comprising:

a transparent substrate having a first electrode layer and
an insulating layer formed on said first electrode layer,
said first electrode layer being comprised of pieces
formed to correspond to a plurality of pixels and to be
driven by active devices respectively, said insulating
layer having rectangular apertures corresponding to
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said pixels respectively, said pieces of said first elec-
trode layer being exposed from said rectangular aper-
tures respectively;

a hole transfer layer and a hole injection layer formed
correspondingly to said plurality of pixels so as to be
laminated sequentially on said pieces of said first
electrode layer through said rectangular apertures;

an organic emitting layer comprised of pieces formed on
said hole injection layer correspondingly to said pixels
respectively;

an electron injection layer and an electron transfer layer
formed to be laminated sequentially on said organic
emitting layer; and

a second electrode layer formed on said electron transfer
layer over said plurality of pixels in common;

wherein each short side of said rectangular apertures is
not longer than 14 micrometers, while each long side
thereof is not longer than 42 micrometers;

wherein each piece of said organic emitting layer formed
for each pixel on said hole injection layer and each
piece of said electron injection layer and electron
transfer layer formed and laminated sequentially on
said organic emitting layer are larger than each of said
rectangular apertures exposing said first electrode layer
therefrom, and a curvature radius of each corner portion
of said rectangular apertures is not larger than 5
micrometers.

8. An organic electroluminescence panel according to
claim 7, wherein a pitch of said pixels formed in said
rectangular apertures respectively is not longer than 69
micrometers along the long sides of said rectangular aper-
tures and not longer than 23 micrometers along the short
sides of said rectangular apertures.
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