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(57) ABSTRACT

The present invention provides an organic EL display panel
manufacturing method which is capable of forming a desired
organic film or the like with high accuracy without imparting
damages to a substrate and an organic film and an organic EL.
display panel which is manufactured by the method. An
opening portion which corresponds to a panel pattern region
of a display panel is formed in a vapor deposition mask. The
opening portion has a bottom surface in the inside of a
recessed surface which is retracted from a surface on which
the vapor deposition mask is brought into contact with the
substrate. The opening portion of the vapor deposition mask
is spaced apart from the substrate with a predetermined gap
space and evaporated particles from an evaporating source
are vapor-deposited to the substrate through the opening
portion.
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METHOD OF MANUFACTURING THE ORGANIC
ELECTROLUMINESCENT DISPLAY AND
ORGANIC ELECTROLUMINESCENT DISPLAY
MANUFACTURED BY THE METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The disclosure of Japanese Patent Application No.
JP2005-279225 filed on 2005/09/27 (yyyy/mm/dd) includ-
ing the claims, the specification, the drawings and the
abstract is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic EL
display panel, and more particularly, to an organic EL
display panel which is suitable for a method for manufac-
turing an organic thin film or an electrode film such as a light
emitting layer on a substrate by vapor deposition using a
vapor deposition mask in a predetermined pattern. The
present invention is also characterized by the structure of the
vapor deposition mask for such vapor deposition.

[0004] 2. Description of the Related Art

[0005] FIG. 15 is a schematic view of a method of
manufacturing an organic EL display panel for explaining a
method for forming an organic film such as a light emitting
layer using a vapor deposition mask. In FIG. 15, a substrate
101 is a TFT substrate which constitutes an organic EL
display panel. The substrate is usually formed of a glass
plate. To a main surface (a surface on which an organic light
emitting layer is formed) side of the substrate 101, a vapor
deposition mask 102 having opening portions 103 is adhered
by vapor deposition. The vapor deposition is performed by
adhering a magnet plate 104 to a back surface (a surface
opposite to the main surface) of the substrate 101 and by
attracting the vapor deposition mask 102 which is made of
magnetic metal.

1. Field of the Invention

[0006] In a state that the vapor deposition mask 102 is
adhered to the substrate 101, a vapor-deposition particle
flow which is vaporized from a vapor deposition source 105
is vapor-deposited to the substrate 101 through the opening
portion 103 formed in the vapor deposition mask 102 thus
forming a thin film layer 107 made of an organic material.
Here, the thin film layer 107 is also formed on a surface of
the vapor deposition mask 102 other than the opening
portion 103.

[0007] However, it is difficult to completely adhere the
vapor deposition mask 102 to the whole surface of the
substrate 101 and hence, damages on the substrate 101
attributed to a contact of the substrate 101 with the vapor
deposition mask 102 and the influence of foreign substances
on the contact surface are large. These largely hamper the
application of the mask vapor deposition to the mass pro-
duction of OLED.

[0008] With respect to the formation of OLED film on the
organic EL substrate by this type of mask deposition, Patent
Document 1, Patent Document2, Patent Document3, Patent
Document4, Patent Document 5, Patent Document 6, Patent
Document 7, and Patent Document 8 are named. In Patent
Document 1, Patent Document 2, Patent Document 3 and

Mar. 29, 2007

Patent Document 4 disclose a method which performs the
vapor deposition by adhering the substrate and the vapor
deposition mask by a magnetic force. On the other hand,
Patent Document 5, Patent Document 6, Patent Document 7
and Patent Document 8 disclose a method which reduces a
contact area of the substrate and the vapor deposition mask
by making a surface of the substrate or the vapor deposition
mask rough by applying projections, ribs or irregularities to
substrate or the vapor deposition mask thus decreasing
damages on the substrate attributed to the contact of sub-
strate and the vapor deposition mask.

[0009] Patent Document 1: JP-A-2004-146251

[0010] Patent Document 2: JP-A-2004-79349

[0011] Patent Document 3: JP-A-2002-47560

[0012] Patent Document 4: JP-A-2002-75638

[0013] Patent Document 5: JP-A-2004-71554

[0014] Patent Document 6: JP-A-2003-59671

[0015] Patent Document 7: JP-A-2003-213401

[0016] Patent Document 8: JP-A-2003-253434
SUMMARY OF THE INVENTION

[0017] In the conventional method which vapor-deposits

the organic film such as the light emitting layer of the
organic EL to the predetermined portion of the substrate by
adhering the vapor deposition mask to the substrate, there
have been drawbacks such as (1) the vapor deposition mask
is adhered to the substrate and hence, the formed organic
film such as the OLED film is easily damaged, (2) the vapor
deposition mask is continuously formed on the substrate and
the vapor deposition mask and hence, when film peeling-off
is generated at the time of peeling off the vapor deposition
mask and the substrate from each other and this peeling-off
generates foreign substances, (3) the substrate and the vapor
deposition mask are easily influenced by difference in ther-
mal expansion coefficient between the substrate and the
vapor deposition mask and hence, the substrate and the
vapor deposition mask rub each other thus generating dam-
ages and foreign substances, and (4) it is difficult to com-
pletely adhere the vapor deposition mask to the whole
substrate and hence, it is often the case that the distribution
of vapor-deposition accuracy in the inside of the substrate is
increased or a fine pattern portion is twisted.

[0018] Among the countermeasures which are disclosed in
the above-mentioned Patent Documents, the method which
forms the ribs or the projections on the substrate pushes up
a manufacturing cost of the substrate. On the other hand, a
mechanical damage reduction effect is small. In the method
which forms irregularities on a surface of the vapor depo-
sition mask, the preparation of the vapor deposition mask is
difficult and hence, it is difficult to ensure the accuracy of
vapor-deposition pattern. In both methods, the substrate and
the vapor deposition mask are adhered to each other in an
effective area of the display panel and hence, it is difficult to
suppress the generation of damages and foreign substances
of the organic film such as the OLED film on the portion.
Here, although there has been also known a method which
performs the vapor deposition while separating the vapor
deposition mask and the substrate from each other, it is
extremely difficult to align the vapor deposition mask and
the substrate in this method.
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[0019] Accordingly, it is an object of the present invention
to provide a method of manufacturing an organic EL display
panel which can form a desired organic film or the like with
high accuracy without damaging the substrate or the organic
film and an organic EL display panel which is manufactured
by the method.

[0020] Inventors of the present invention have found out,
in a process of developing a vapor deposition mask for
forming an organic film such as an OLED film, that it is
possible to obtain the mask vapor deposition which is
similar to the proximity exposure in an exposure step of a
photolithography process by improving the structure in the
plate-thickness direction of a mask forming base-material
sheet which is used for the vapor deposition mask. The
present invention has been made based on such finding.

[0021] The present invention is directed to a vapor depo-
sition mask which can form a large number of small-sized
display panel from one large-sized base substrate. Although
a vapor deposition mask and the substrate are adhered to
each other basically, an organic thin film such as an OLED
film is vapor-deposited without bringing the vapor deposi-
tion mask and the substrate into contact with each other in
a region where each display panel exists.

[0022] The vapor deposition mask used in the manufacture
of the organic EL display panel of the present invention is
configured such that the vapor deposition mask is not
brought into contact with the substrate by providing a
recessed surface which retracts from a surface of the sub-
strate to the vapor deposition mask which faces a region
where the display panel is formed. An opening portion
necessary for vapor-depositing an organic thin film such as
a light emitting layer of an OLED is formed in a region
which constitutes a bottom surface in the inside of the
recessed surface.

[0023] A method of manufacturing an organic EL display
panel of the present invention is directed to a method of
manufacturing an organic EL display element in which a
vapor deposition mask having opening portions in a prede-
termined pattern is adhered to a surface of a substrate which
constitutes an organic ELL display panel, and a thin film
pattern corresponding to the predetermined pattern is formed
on a surface of the substrate through the opening portions of
the vapor deposition mask by means of a thin film layer
forming means, wherein

[0024] the opening portion of the vapor deposition mask is
formed on a bottom surface in the inside of a recessed
surface which is retracted from a surface on which the vapor
deposition mask is brought into contact with the substrate,
and the thin film pattern is vapor-deposited by making the
opening portion of the vapor deposition mask spaced apart
from the substrate with a predetermined gap.

[0025] An organic EL display panel of the present inven-
tion is formed by sequentially stacking at least one electrode,
an organic layer which includes a light emitting layer and
another electrode to a substrate. The organic layer is formed
such that a vapor deposition mask having an opening portion
corresponding to a pattern of the organic layer is adhered to
a surface of the substrate, and the organic layer is formed
corresponding to the predetermined pattern on a surface of
the substrate through the opening portions of the vapor
deposition mask by means of a thin film layer forming
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means, and the opening portion of the vapor deposition mask
is formed in the inside of a recessed surface which is
retracted from a surface to which the vapor deposition mask
is brought into contact with the substrate, and the opening
portion of the vapor deposition mask is formed using a
method which vapor-deposits the organic layer spaced apart
from the substrate with a predetermined gap.

[0026] The present invention is not limited to the consti-
tution described in claim sand the constitutions disclosed in
respective embodiments described later and various modi-
fications are considered without departing from the technical
concept of the present invention.

[0027] The vapor deposition mask and a printed circuit
board are not adhered to each other at the portion of the
substrate on which the light emitting layer pattern of the
OLED is formed and hence, a thin film such as the light
emitting layer of the OLED or the like which is formed on
the substrate is not damaged by the vapor deposition mask.
Accordingly, it is possible to suppress the deterioration of
properties of the thin film such as the light emitting layer
such as the OLED or the like attributed to the vapor
deposition mask.

[0028] By preventing a contact between the previously
formed thin film such as the light emitting layer of the
OLED or the like and the vapor deposition mask, it is
possible to suppress the generation of foreign substances by
peeling-off attributed to the contact in alignment. Accord-
ingly, a manufacturing yield can be enhanced.

[0029] Since the thin film layer on the substrate and the
thin film layer on the vapor deposition mask are not formed
contiguously, it is possible to suppress the generation of
foreign substances attributed to the peeling-off at the time of
peeling the vapor deposition mask and the substrate from
each other by pulling.

[0030] The vapor deposition mask is present between an
evaporation source and the substrate thus decreasing a
contact surface between the substrate and the vapor depo-
sition mask and hence, it is possible to suppress the elevation
of temperature of the substrate. Accordingly, by preparing
the vapor deposition mask using a low thermal expansion
material, it is possible to suppress the positional displace-
ment between the vapor deposition mask pattern and the
printed circuit board in the vapor deposition step. In this
manner, the organic EL display panel hardly receives the
influence of heat radiation from the evaporation source and
hence, it is possible to increase the accuracy of alignment
between the vapor deposition mask and the substrate. Fur-
ther, since the vapor deposition mask is not brought into
contact with a film forming surface, it is possible to suppress
an abnormal discharge or the like attributed to the film
formation whereby the present invention is also applicable
to the film formation by sputtering and the film formation by
a CVD method.

[0031] In this manner, according to the present invention,
damages on the OLED layer are eliminated and, at the same
time, the generation of foreign substances can be suppressed
and hence, the present invention largely contributes to the
enhancement of properties, the enhancement of a yield rate
and the reduction of a manufacturing cost of a product.
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BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 is a schematic view for explaining an
embodiment 1 of a method of manufacturing an organic EL
display panel according to the present invention;

[0033] FIG. 2 is an enlarged cross-sectional view of a
panel pattern portion of the display panel for explaining a
first constitutional example of a vapor deposition mask;

[0034] FIG. 3 is an enlarged cross-sectional view of a
panel pattern portion of the display panel similar to FIG. 2
for explaining a second constitutional example of a vapor
deposition mask;

[0035] FIG. 4 is a view for explaining one example of a
manufacturing process of a vapor deposition mask having
the panel pattern portion shown in FIG. 3;

[0036] FIG. 5is a view for explaining another example of
a manufacturing process of the vapor deposition mask
having the panel pattern portion shown in FIG. 3;

[0037] FIG. 6 is an enlarged cross-sectional view of a
panel pattern portion of the display panel similar to a display
panel shown in FIG. 2 or FIG. 3 for explaining a third
constitutional example of a vapor deposition mask;

[0038] FIG.7 is a view for explaining manufacturing steps
of the vapor deposition mask having the display panel
forming portion shown in FIG. 6;

[0039] FIG. 8 is a schematic view for explaining an
embodiment 2 of the method of manufacturing an organic
EL display panel according to the present invention;

[0040] FIG. 9 is a schematic view for explaining an
embodiment 3 of the method of manufacturing an organic
EL display panel according to the present invention;

[0041] FIG. 10 is a schematic view for explaining an
embodiment 4 of the method of manufacturing an organic
EL display panel according to the present invention;

[0042] FIG. 11 is a schematic view for explaining one
example of an organic light emitting layer of an organic EL
display panel to which the vapor deposition mask explained
in conjunction with FIG. 1 to FIG. 9 is applied;

[0043] FIG. 12 is a schematic view for explaining one
example of an electrode film of the organic EL display panel
to which the vapor deposition mask explained in conjunction
with the embodiment 4 is applied;

[0044] FIG. 13 is a view showing the relationship between
a wrap-around quantity AL of a thin film layer formed on the
substrate to a portion which is covered with the vapor
deposition mask and a gap quantity Lg between the substrate
and the vapor deposition mask in a gap space;

[0045] FIG. 14 is a cross-sectional view of the vicinity of
one pixel for explaining a constitutional example of the
organic EL display panel; and

[0046] FIG. 15 is a schematic view of a method of
manufacturing an organic EL display panel for explaining a
method of forming an organic film such as a light emitting
layer which uses a vapor deposition mask.

DETAILED DESCRIPTION OF THE
INVENTION
[0047] Hereinafter, embodiments of the present invention

are explained in conjunction with drawings showing
embodiments.
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Embodiment 1

[0048] FIG. 1 a schematic view for explaining an embodi-
ment 1 of a method of manufacturing an organic EL display
panel according to the present invention. A substrate 101 is
a TFT substrate which constitutes the organic EL display
panel and is a base substrate which is formed of a glass plate.
Here, it is assumed that nxm pieces of small-sized panels,
that is, individual organic EL display panels (also simply
referred to as a display panel) in which n pieces (four in FIG.
1) of display panels are arranged in the lateral direction on
this paper and m pieces of display panels are arranged in the
direction perpendicular to this paper are manufactured from
the substrate 101. In FIG. 1, an effective area of the display
panel is indicated as panel pattern portions 24 (24a, 245,
24c, 244).

[0049] The vapor deposition is performed in a state that a
vapor deposition mask 21 having opening portions 103 is
arranged on a main surface side of the substrate 101. In the
embodiment 1, the vapor deposition mask 21 is fixed to a
mask frame 22 by an adhesive agent or by welding. The
opening portions 103 of the vapor deposition mask 21 are
formed in bottom surfaces in the inside of recessed surfaces
which are retracted from a surface of the substrate 101 thus
forming gap spaces (gaps) 23 between the substrate 101 and
the bottom surfaces. The vapor deposition mask 21 and the
substrate 101 are adhered to each other except for the gap
spaces 23.

[0050] A wvapor deposition particle flow 106 which is
evaporated from an evaporation source 105 is vapor-depos-
ited to the main surface of the substrate 101 through the
opening portions 103 formed in the respective panel pattern
portions 24 (24a, 24b, 24c, 24d) of the vapor deposition
mask 21 and forms a thin film layer made of an organic
material. Here, the thin film layer formed between the vapor
deposition mask and the substrate is omitted from FIG. 1.

[0051] As a constitutional material of the mask frame 22,
iron-based alloy such as In var or 42-alloy or a material
which contains aluminum as a main content may be used.
Among these materials, the constitutional material of the
mask frame 22 is selected by taking materials of the sub-
strate 101 on which a film is formed and the vapor deposi-
tion mask 21 into consideration.

[0052] The magnet plate 104 performs a function of
adhering the vapor deposition mask 21 and the substrate
101. In this case, the vapor deposition mask 21 which is
wholly or partially made of a magnetic material is used.

[0053] FIG. 2, FIG. 3 and FIG. 6 are enlarged cross-
sectional views of the panel pattern portion 24 of the display
panel which is formed by the vapor deposition mask 21
shown in FIG. 1 and show various structural examples in the
plate-thickness direction of the vapor-deposition mask
according to the present invention. Further, FIG. 4, FIG. 5
and FIG. 7 are explanatory views of manufacturing pro-
cesses of respective vapor deposition masks having the
structures shown in FIG. 2, FIG. 3 and FIG. 6.

[0054] Although the vapor deposition mask 21 and the
substrate 101 are basically adhered to each other, in the
panel pattern portion 24 (24a to 24d) which forms the
effective region of the display panel of the vapor deposition
mask 21, the gap space 23 is formed between the vapor
deposition mask 21 and the substrate 101 thus preventing a
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contact between the vapor deposition mask 21 and the
substrate 101 in the panel pattern portion 24 (24a to 24d).

[0055] The opening portions 103 for forming an organic
layer pattern are formed in the panel pattern portion 24 (24a
to 24d) which forms the gap space 23 of the vapor deposition
mask 21. Organic thin film layers 107 are formed through
the opening portions 103. Accordingly, the organic thin film
layers 107 and the vapor deposition mask 21 which are
formed on the substrate 101 are not brought into contact with
each other.

[0056] Accordingly, no mechanical damages attributed to
the vapor deposition mask 21 are generated on the organic
thin film layers 107 which are formed on the substrate 101.
Further, since the organic thin film layers 107 on the
substrate 101 and the organic thin film layers 107 on the
vapor deposition mask 21 are not formed contiguously and
hence, it is also possible to suppress the generation of
foreign substances attributed to the film peeling-off when the
vapor deposition mask 21 and the substrate 101 are peeled
off from each other by pulling.

[0057] Due to the radiation heat from the evaporation
source 105, temperatures of the vapor deposition mask 21
and the substrate 101 are elevated. However, the vapor
deposition mask 21 and the substrate 101 are not brought
into contact with each other at the panel pattern portion 24
which constitutes the display panel forming portion (that is,
the effective region forming portion of the display panel) and
hence, a contact area between the vapor deposition mask 21
and the substrate 101 is small whereby it is possible to
minimize the elevation of temperature of the subtrate 101.
Further, by forming the vapor deposition mask 21 using a
low thermal expansion material (Invar, super-Invar or the
like), it is possible to suppress the positional displacement
between the vapor deposition mask 21 and the subtrate 101.
For example, when the substrate 101 is made of alkali-free
glass and the vapor deposition mask 21 is made of Invar, the
thermal coeflicient difference of 3ppm/® C. is generated.
However, by setting the temperature of the substrate 101
lower than the temperature of the vapor deposition mask 21
by approximately 3° C. it is possible to suppress the posi-
tional displacement attributed to the temperature elevation.

[0058] The first constitutional example of the vapor depo-
sition mask shown in FIG. 2 is formed of a single member.
As a material which constitutes the vapor deposition mask
21, iron-nickel-based alloy, nickel or the like can be used.
The vapor deposition mask 21 may be manufactured by
etching or a plating method. A tension is applied to the
member 32 which constitutes a display panel forming por-
tion, that is, the panel pattern portion 24 so as to prevent the
slackening of the display panel forming portion.

[0059] Although the organic thin film layer 107 is formed
on the substrate 101 and the vapor deposition mask 21, the
organic thin film layer 107 is not formed contiguously on the
substrate 101 and the vapor deposition mask 21 respectively
and hence, there is no possibility of film cutting at the time
of separating the vapor deposition mask 21 from the sub-
strate 101 by pulling whereby the generation of foreign
substances can be prevented.

[0060] Since it is necessary to make the substrate 101 and
the vapor deposition mask 21 adhere to each other at the
contact portions 25, the vapor deposition mask 21 is formed
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of the magnetic material and is attracted to the magnetic
plate 104 which is mounted on a back surface of the
substrate 101. Due to such a method, the substrate 101 and
the vapor deposition mask 21 can be adhered to each other
by the magnetic plate 104 and hence, it is possible to prevent
the displacement of the substrate 101 and the vapor depo-
sition mask 21 whereby the alignment accuracy of the
substrate 101 and the vapor deposition mask 21 can be
enhanced.

[0061] FIG. 3 is an enlarged cross-sectional view of a
panel pattern portion of the display panel similar to FIG. 2
for explaining a second constitutional example of a vapor
deposition mask. FIG. 3 also enlarges the display panel
forming portion in the inside of the vapor deposition mask
21 in FIG. 1, that is, the panel patterning portion 24 and
shows a constitutional example in the plate thickness direc-
tion of the vapor deposition mask 21.

[0062] The vapor deposition mask 21 has the stacked
structure formed of two members 31, 32. Although the first
member 31 and the second member 32 are selectively made
of iron-based alloy such as Invar or 42-alloy, nickel alloy or
the like, the combination of materials is selected by taking
the specification and formability that the vapor deposition
mask is required to satisfy into consideration.

[0063] Although the vapor deposition mask shown in FIG.
3 can obtain the same advantageous effects as the vapor
deposition mask having the constitution shown in FIG. 2, the
vapor deposition mask shown in FIG. 3 can also obtain a
following advantageous effect by adjusting materials of two
members 31, 32. That is, by forming two members 31, 32
using materials which allow the selective etching thereof, it
is possible to set the forming accuracy of the gap space 23
and the opening portion 103 higher than the constitutional
example shown in FIG. 2. As an example of such a combi-
nation, the combination of nickel-based alloy which con-
tains nickel as a main content and iron-based alloy (Invar,
42-alloy or the like) which contains iron as a main compo-
nent is known.

[0064] A portion (a contact portion 25) where the substrate
101 and the vapor deposition mask 21 are adhered to each
other may be formed of a magnetic material and a portion of
the vapor deposition mask 21 which faces the gap space 23
may be formed of a non-magnetic material. Due to such a
constitution, it is possible to increase the adhesiveness of the
substrate 101 and the vapor deposition mask 21 while
suppressing the deflection and the deformation of the display
panel forming portion 24 attributed to the magnet 104. The
structure of the gap space 23 is formed of a recessed surface
portion which is retracted from a surface of the substrate 101
by an amount of thickness of the first member 31 and
opening portions 103 are formed in a bottom surface of the
recessed surface portion.

[0065] By setting a thermal expansion coefficient of the
portion of the vapor deposition mask 21 which faces the gap
space 23 smaller than a thermal expansion coefficient of the
portion where the substrate 101 and the vapor deposition
mask 21 are adhered to each other, it is possible to prevent
the deformation or the slackening of the vapor deposition
mask 21 at the small-sized panel forming portion 24 attrib-
uted to the elevation of temperature. As one example of the
combination, the second member 32 is made of Invar and the
first member 31 may be made of 42-alloy.
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[0066] FIG. 4 is a view for explaining one example of a
manufacturing process of a vapor deposition mask having
the panel pattern portion shown in FIG. 3. The vapor
deposition mask is manufactured in order of steps (A)—
(B)—(C)—>D)—>(EB)—=>E)—>(G).

[0067] (A)...A surface of a mask sheet member 70 which
is formed of a first member 31 (Invar or super Invar) and a
second member 32 (42-alloy) is made flat and smooth by
polishing or the like. A plate thickness of the member 31 is
set to 0.005 mm and a plate thickness of the member 32 is
set to 0.015 to 0.050 mm.

[0068] (B)...A predetermined resist pattern 71 is formed
on the second member 32. A resist material may be either a
dry film or a liquid resist. In forming the resist pattern, a
well-known photolithography method may be used. Here, a
protective film (not shown in the drawing) made of an
organic material may be formed on a surface of the first
member 31.

[0069] (C). .. The second member 32 is formed by spray
etching using an etchant containing ferric chloride as a main
component, for example, to form opening portions 72
therein.

[0070] (D)...The resist pattern 71 which is formed on the
second member 32 and the protective film (not shown in the
drawing) which is formed on the first member 31 are
removed using a peeling liquid.

[0071] (E)...A predetermined resist pattern 73 is formed
on the first member 31. A resist material may be either a dry
film or a liquid resist. The resist pattern may be formed in the
same manner as step (B). Here, a protective film (not shown
in the drawing) made of an organic material may be formed
on a surface of the second member 32.

[0072] (F) ... The first member 31 is formed by spray
etching using an etchant containing ferrite chloride as a main
component, for example, to form opening portions 74
therein.

[0073] (G)... Theresist pattern 73 and the protective film
(not shown in the drawing) which are formed on the second
member 32 are removed using a peeling liquid.

[0074] Due to such a manufacturing process, the vapor
deposition mask 21 shown in FIG. 3 is completed. Between
the vapor deposition mask 21 and the substrate 101, gap
space 23 and the opening portions 103 for forming the vapor
deposition pattern are formed.

[0075] FIG. 5 is a view for explaining another example of
the manufacturing process of the vapor deposition mask
having the panel pattern portion shown in FIG. 3. The vapor
deposition mask is manufactured in order of steps (A)—
(B)=(C)=(D) (B)=(F)—(G).

[0076] This manufacturing method is characterized by
combining a plating method and an etching method. Here,
although the member 32 is formed by the plating method and
the first member 31 is formed by the etching method, the
members 31, 32 may be formed in an opposite manner.

[0077] (A)...A surface of a mask sheet base member 80
which is made of Invar or the like is made flat or leveled by
polishing or the like. A plate thickness of the mask sheet base
member 80 is set to 0.005 to 0.050 mm, for example, by
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taking a mechanical strength and dimensional accuracy of
the vapor deposition mask into consideration.

[0078] (B)...A predetermined resist pattern 81 is formed
on one main surface of the mask sheet base member 80. A
resist material may be either a dry film or a liquid resist. In
forming the resist pattern, in the same manner as the
previously-mentioned method, a well-known method may
be used. Here, a protective film (not shown in the drawing)
made of an organic material may be formed on another
surface of the mask sheet base member 80. The protective
film prevents the formation of a plating layer to a protective
film forming surface in step (C).

[0079] (C) ... A plating layer 82 which contains nickel
(Ni) as a main content is formed by a well-known plating
method.

[0080] (D)...Theresist pattern 81 which is formed on the
mask sheet base member 80 and the protective film (not
shown in the drawing) are removed using a peeling liquid.
Accordingly, the member 32 which constitutes the vapor
deposition mask 21 is formed. Opening portions 103 for
performing the vapor deposition are formed in the member
32.

[0081] (E)...A predetermined resist pattern 83 is formed
on a surface of the mask sheet base member 80 on which the
plating layer 82 is not formed. A resist material may be either
a dry film or a liquid resist. The resist pattern may be formed
using a well-known method. Here, a protective film (not
shown in the drawing) made of an organic material may be
formed on a surface of the member 32 which is constituted
of the plating layer 82. Accordingly, a surface of the member
32 is protected from an etchant in step (F).

[0082] (F) ... The mask sheet base member 80 is formed
by spray etching using an etchant containing ferrite chloride
as a main component, for example, to form opening portions
84 therein.

[0083] (G)...Theresistpattern 83 which is formed on the
mask sheet base member 80 and the protective film (not
shown in the drawing) which is formed on the second
member 32 are removed using a peeling liquid. Accordingly,
the vapor deposition mask 21 shown in FIG. 3 is completed.
In the vapor deposition mask 21, the gap space 23 which is
defined between the vapor deposition mask 21 and the
substrate 101 and the opening portions 103 for forming the
vapor deposition pattern are formed.

[0084] FIG. 6 is an enlarged cross-sectional view of a
panel pattern portion of the display panel similar to FIG. 2
or FIG. 3 for explaining a third constitutional example of a
vapor deposition mask. FIG. 6 also enlarges a display panel
forming portion in the inside of a vapor deposition mask 21
shown in FIG. 1, that is, a panel pattern portion 24 and
shows a structural example in the plate thickness direction of
the vapor deposition mask 21.

[0085] The vapor deposition mask 21 is constituted of
three members, that is, a first member 41, a second member
42 and a third member 43. Although the first member 41 and
the second member 42 are selectively made of iron-based
alloy such as Invar or 42-alloy, nickel alloy or the like, the
combination of materials is selected by taking the specifi-
cation and formability that the vapor deposition mask is
required to satisfy.
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[0086] The third member 43 is an adhesive agent which
fixes the first member 41 and the second member 42 and
functions as a barrier layer at the time of preparing a vapor
deposition mask by forming the first member 41 and the
second member 42. A material which constitutes the barrier
layer may be selected depending on a purpose and titanium
(Ti), nickel (Ni) or the like may be preferably used.

[0087] This constitutional example also can obtain the
advantageous effects which are obtained by the example
shown in FIG. 3. The advantageous effects obtained by this
constitutional example are larger than the advantageous
effects obtained by the second constitutional example shown
in FIG. 3. Further, by inserting the third member 43 between
the first member 41 and the second member 42, it is possible
to obtain following advantageous effects.

[0088] That is, by imparting a function of a barrier layer
to the third member 43, it is possible to ensure the respective
forming reliability of the first member 41 and the second
member 42 and hence, the selection standard can be allevi-
ated whereby the first member 41 and the second member 42
can be formed using the same material. Further, by forming
the vapor deposition opening portion by the third member
43, by forming the gap space 23, for example, by the first
member 41, and by using the second member 42 as a
reinforcing member of the vapor deposition mask 21, it is
possible to obtain the vapor deposition mask 21 which can
increase a mechanical strength as a fine pattern.

[0089] FIG. 7 is a view for explaining the manufacturing
process of the vapor deposition mask having the display
panel forming portion 24 shown in FIG. 6. The vapor
deposition mask is manufactured in order of steps (A)—
B)—=(C)—=D)—=(E)—=(F)—=(G). Although the etching
method is used in this manufacturing method, the combi-
nation of the etching method and a plating method can be
used.

[0090] (A)...A s surface of a mask sheet member 90 which
inserts the third member 43 between the first member 41 and
the second member 42 is made flat and smooth by polishing.
The first member 41 and the second member 42 are made of
iron-based alloy such as Invar, 42-alloy. The third member
43 which constitutes an intermediate layer is made of a
high-melting-point metal such as titanium (T1), nickel (Ni)
or the like. A plate thickness of the first member 41 is set to
0.005 mm, for example, a plate thickness of the second
member 42 is set to 0.015 to 0.050 mm. A plate thickness of
the third member 43 is set to 0.001 to 0.01 mm.

[0091] (B)...A predetermined resist pattern 91 is formed
on the second member 42. A resist material may be either a
dry film or a liquid resist. In forming the resist pattern, in the
same manner as the previously-mentioned method, a well-
known method may be used. Here, a protective film (not
shown in the drawing) made of an organic material may be
formed on a surface of the first member 41. The protective
film prevents damages on a protective film forming surface
by an etchant in step (C).

[0092] (C)... The second member 42 is formed by spray
etching using an etchant which contains ferric chloride as a
main component, for example, thus forming opening por-
tions 92. Here, the third member 43 protects the first member
41 from the etchant.
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[0093] (D)...Theresist pattern 91 which is formed on the
second member 42 and the protective film (not shown in the
drawing) which is formed on the first member 41 are remove
dusing a peeling liquid.

[0094] (E)...A predetermined resist pattern 93 is formed
on the first member 41. A resist material may be either a dry
film or a liquid resist. The resist pattern may be formed using
a well-known method. Here, a protective film (not shown in
the drawing) made of an organic material may be formed on
a surface of the second member 42. The protective film
prevents damages on a protective film forming surface by an
etchant in step (F).

[0095] (F) ... The first member 41 is formed by spray
etching using an etchant containing ferrite chloride as a main
component. Here, the third member 43 protects the second
member 42 from the etchant. Next, the third member 43 is
removed using a predetermined etchant. Accordingly, open-
ing portions 94 are formed in the second member 42 and the
third member 43.

[0096] (G)...Theresist pattern 93 which is formed on the
first member 41 and the protective film (not shown in the
drawing) which is formed on the second member 42 are
removed using a peeling liquid. Accordingly, the vapor
deposition mask 21 shown in FIG. 4 is completed. In the
vapor deposition mask 21, a gap space 23 which is formed
between the vapor deposition mask 21 and the substrate 101
and opening portions 103 for forming the vapor deposition
pattern are formed.

Embodiment 2

[0097] FIG. 8 is a schematic view for explaining an
embodiment 2 of the method of manufacturing an organic
EL display panel according to the present invention. FIG. 8
schematically shows a structural example of a vapor depo-
sition mask and a vapor deposition pattern forming method
using the vapor deposition mask in the embodiment 2. Here,
a thin film layer which is formed on a vapor deposition mask
and a substrate is omitted from the drawing. This embodi-
ment differs from the embodiment 1 with respect to a point
that the vapor deposition mask 51 has no mask frame for
fixing. This embodiment is substantially equal to the
embodiment 1 with respect to other constitutions.

[0098] The vapor deposition mask 51 and the substrate
101 are adhered to each other by an attraction force of the
magnet 104. Also in this embodiment, a vapor deposition
pattern is formed by way of a gap space 23 and hence, this
embodiment can obtain advantageous effects substantially
equal to the advantageous effects of the embodiment 1.
Further, the vapor deposition pattern is not fixed to the mask
frame, a technical drawback attributed to the adhesion to the
mask frame can be eliminated. The cross-sectional structure
in the plate-thickness direction of the vapor deposition mask
may adopt any one of the structures shown in FIG. 2, FIG.
3 and FIG. 6.

[0099] Since the vapor deposition mask 51 has no mask
frame for reinforcing and supporting the vapor deposition
mask 51, the vapor deposition mask 51 is required to possess
a sufficient strength and to suppress slackening thereof.
Accordingly, it is necessary to increase the plate thickness of
the vapor deposition mask 51 and hence, the resolution of
the vapor deposition mask is slightly lowered compared to
the vapor deposition mask of the embodiment 1. However,
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since the number of parts can be reduced, it is possible to
obtain an advantageous effect that a manufacturing cost of
the vapor deposition mask can be reduced.

Embodiment 3

[0100] FIG. 9 is a schematic view for explaining an
embodiment 3 of the method of manufacturing an organic
EL display panel according to the present invention. FIG. 9
schematically shows a structural example of a vapor depo-
sition mask and a vapor deposition pattern forming method
using the vapor deposition mask in the embodiment 3. Here,
a thin film layer which is formed on a vapor deposition mask
and a substrate is omitted from the drawing.

[0101] This embodiment 3 also differs from the embodi-
ment 1, in the same manner as the embodiment 2, with
respect to a point that a vapor deposition mask 61 is not fixed
to the mask frame. The vapor deposition mask 61 and the
substrate 101 are adhered to each other due to an attraction
force of a magnet 104. In this embodiment 3, by increasing
a plate thickness of a portion 65 which is adhered to the
substrate 101 of the vapor deposition mask 61, it is possible
to improve a mechanical strength compared to the embodi-
ment 2. Accordingly, this embodiment can obtain following
advantageous effects in addition to the advantageous effects
obtained by the embodiment 2.

[0102] The embodiment 3 exhibits the higher mechanical
strength compared with the embodiment 2. Since the
embodiment 3 does not adopt the structure which fixes the
vapor deposition mask 61 to the mask frame, it is possible
to eliminate a technical drawback attributed to the adhesion
to the mask frame. Further, since the number of parts can be
reduced, it is possible to obtain an advantageous effect that
a manufacturing cost of the vapor deposition mask can be
reduced.

[0103] Here, it is desirable that the vapor deposition mask
61 adopts the three-layered structure as explained in con-
junction with FIG. 6. By allowing the vapor deposition mask
61 to adopt the three-layered structure, by forming opening
portions 103 for forming a vapor deposition pattern using
the third member 43, by forming a gap space 23 between the
substrate 101 and either one of the first member 41 and the
second member 42, and by reinforcing the mechanical
strength by another one of the first member 41 and the
second member 42, this embodiment 3 can obtain following
advantageous effects.

[0104] TItis possible to enhance the resolution of the vapor
deposition pattern. It is possible to freely design a distance
between the substrate 101 and the vapor deposition mask 61
in the gap space 23. The mask frame can be eliminated. Due
to these advantageous effects, this embodiment can largely
contribute to the reduction of cost of the mask vapor
deposition process.

Embodiment 4

[0105] FIG. 10 is a schematic view for explaining an
embodiment 4 of the method of manufacturing an organic
EL display panel according to the present invention. A thin
film layer which is formed on a vapor deposition mask and
a substrate is omitted from the drawings. Although the
embodiment 4 basically has the same structure as the
embodiment 1, the embodiment 4 differs from the embodi-
ment 1 with respect to a point that an opening portion 103
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for forming a vapor deposition pattern is not formed of fine
opening portions but is formed of a large opening portion
which corresponds to a panel pattern region 24 (24a to 24d)
of each display panel. Although the opening portion 103 is
formed slightly narrower than a recessed surface portion
which defines a gap space 23, both portions may have the
same size. The embodiment 4 is suitable for forming a
monochroic OLED film (including an area color) or an
electrode film protecting film.

[0106] The embodiment 4 is suitable for the formation of
a film in a region where dimensional accuracy is not high
and can obtain the same advantageous effects as the embodi-
ment 1. Since the substrate 101 and the vapor deposition
mask 21 are not brought into contact with each other on a
film forming surface, the embodiment 4 is applicable to a
sputtering method which exhibits the large influence of
charged particles or a chemical vapor deposition method
such as a CVD method. In this case, it may be also effective
to form a plurality of vapor-deposition-mask inner opening
portion 103 by increasing a distance between the substrate
101 and the vapor deposition mask 21 in the gap space 23.
Due to such a constitution, the embodiment 4 can expect a
shielding effect to the charged particles.

[0107] Further, since the high dimensional accuracy is not
required, it is possible to increase a thickness of the vapor
deposition mask 21, a high mechanical strength can be
ensured thus facilitating an operation without a mask frame
22. Further, this constitution also contributes to the reduction
of cost. Here, the cross-sectional shape in the plate-thickness
direction of the vapor deposition mask 21 may adopt any one
of the structures shown in FIG. 2, FIG. 3 and FIG. 6.

[0108] FIG. 11 is a schematic view for explaining one
example of an organic light emitting layer of an organic EL
display panel to which the vapor deposition mask explained
in conjunction with FIG. 1 to FIG. 9 is applied. Here, the
drawing shows a state in which a stripe pattern of the OLED
which is constituted of red elements R, green elements G
and blue elements B is formed on a substrate 101. (A) in
FIG. 11 shows a state in which a plurality of display panels
24 are formed on the substrate 101. (B) in FIG. 11 is a partial
enlarged view of the display panel 24. The red elements R,
the green elements G and the blue elements B of the OLED
are formed in a stripe pattern. (C) in FIG. 11 cross-sectional
view showing a portion of the display panel 24 shown in (B)
in FIG. 11 in an enlarged manner.

[0109] The vapor deposition masks which are explained in
conjunction with the embodiment 1 to the embodiment 3 are
applicable to the mask vapor deposition of organic films 131
such as light emitting layers of the OLED (three-color color
separation method). When a distance between the substrate
101 and the vapor deposition mask in the gap space 23 is
increased, the periphery of the pattern becomes blurred.
Accordingly, it is necessary to determine the distance
between the substrate 101 and the vapor deposition mask in
the gap space 23 by taking the magnitude or size of this
blurring region into consideration.

[0110] FIG. 12 is a schematic view for explaining one
example of an electrode film of the organic EL display panel
to which the vapor deposition mask explained in conjunction
with the embodiment 4 is applied. Here, electrode films 141
which are made of aluminum (A1) are formed on a substrate
101 by mask vapor deposition. FIG. 12A shows a state in
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which the electrode films 141 of the display panel are
formed on the substrate 101 using the vapor deposition mask
explained in conjunction with the embodiment 4. FIG. 12B
is a cross-sectional view of the substrate having a vapor
deposition pattern of the electrode films 141 along a line A-B
in FIG. 12A. The vapor deposition pattern corresponds to an
effective region of the display panel. The electrode films 141
are formed of an anode, for example. In this manner, the
vapor deposition mask according to the present invention is
applicable to the film formation of the OLED electrodes (Al
or the like) and is also applicable to the formation of other
films such as the monochroic-pattern OLED films or pro-
tective films which are not required to satisfy the pattern
accuracy.

[0111] FIG. 13 is a view showing the relationship between
a wrap-around quantity (or an unexpected adhesion) AL of
the vapor deposition layer which is a thin film layer formed
on the substrate to a portion which is covered with the vapor
deposition mask and a gap quantity Lg between the substrate
and the vapor deposition mask in a gap space. In the mask
vapor deposition of the present invention, the vapor depo-
sition mask wraps around a portion which is covered with
the vapor deposition mask thus forming a vapor deposition
mask as a film also on the substrate region where the film
should not be formed. This wrap-around quantity AL or the
unexpected adhesion is, as shown in FIG. 13B, defined as a
quantity of the thin film layer 107 which projects from a
periphery of the opening portion 103 of the vapor deposition
mask 102.

[0112] The wrap-around quantity AL is, as shown in FIG.
13A, increased along with the increase of the gap quantity
Lg between the substrate and the vapor deposition mask in
the gap space. Although the wrap-around quantity AL is
increased approximately proportional to the gap quantity g,
a gradient of the increase of the wrap-around quantity AL
can be adjusted based on directivity of an evaporated
particle flow from the evaporation source. For example,
when a plate thickness of the precision vapor deposition
mask is 0.001 to 0.05 mm, with the use of the evaporation
source having the high directivity, it is possible to obtain the
relationship shown in FIG. 13A.

[0113] In the precision vapor deposition mask which
forms the fine pattern as in the case of the light emitting layer
of the OLED, by setting the gap quantity Lg between the
substrate 101 and the vapor deposition mask in the gap space
23 to 0.05 mm or less, it is possible to obtain the highly
accurate vapor deposition pattern with small wrap-around
quantity AL.

[0114] 1t is sufficient for the vapor deposition mask 102
and the substrate 101 provided that these parts are not
brought into contact with each other in the gap space 23. To
take the influence of the temperature elevation at the time of
forming the film or the like into consideration, it is prefer-
able to ensure 0.001 mm as a distance of the gap space 23.

[0115] FIG. 14 is a cross-sectional view of the vicinity of
one pixel for explaining a constitutional example of the
organic EL display panel. This one pixel constitutes a sub
pixel in color display. In FIG. 14, on a main surface of the
substrate 101 which is preferably made of glass, a thin film
transistor TFT which is constituted of a silicon semiconduc-
tor layer 110, a gate electrode 111, and a source/drain
electrode 112 is incorporated. Although the thin film tran-
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sistor TFT includes a source electrode and a drain electrode,
these electrodes are indicated as the source/drain electrode
112 in the drawing.

[0116] To the source/drain electrode 112, an anode 113
which constitutes one electrode of the organic EL element is
connected. An insulation layer is formed on the anode 113
and a pixel aperture portion is formed by removing the pixel
portion of the insulation layer. The insulation layer which
remains while surrounding the pixel aperture portion forms
a bank (a projecting bank), and an organic EL light emitting
layer 114 is vapor-deposited to the anode 113 which is
exposed by removing the insulation layer. Further, a cathode
115 which constitutes another electrode is formed to cover
the organic EL light emitting layer 114.

[0117] Then, a light emitting element EL is formed of the
stacked structure which is constituted of the anode 113, the
organic EL light emitting layer 114 and the cathode 115.
Here, numerals 116, 117, 118, 119 indicate insulation layers.
Numeral 121 indicates a shielding plate. Although the
shielding plate 121 is formed of a glass plate, the shielding
plate 121 may be formed of a metal can. Further, although
a desiccant is incorporated inside the shielding plate 121 to
cope with moisture in an organic EL. material.

[0118] FIG. 14 shows a so-called organic EL display panel
of a bottom emission type which radiates light emitted from
the organic EL light emitting layer 114 from the substrate
101 side. However, it is apparent that the present invention
is not limited to the organic EL having the structure shown
in FIG. 14 and is also applicable to a top emission type
organic EL. which takes out the emission of light from the
shielding plate 121 side. The electrode structure and the
electrode material of such a case slightly differ from the
electrode structure and the electrode material of the bottom
emission type EL. The structures of these organic EL display
panels are known.

1. A method of manufacturing an organic EL display panel
in which a vapor deposition mask having opening portions
in a predetermined pattern is adhered to a surface of a
substrate which constitutes an organic EL display panel, and
a thin film pattern corresponding to the predetermined
pattern is formed on a surface of the substrate through the
opening portions of the vapor deposition mask by means of
a thin film layer forming means, wherein

the opening portion of the vapor deposition mask is
formed in the inside of a recessed surface which is
retracted from a surface on which the vapor deposition
mask is brought into contact with the substrate, and the
thin film pattern is vapor-deposited by making the
opening portion of the vapor deposition mask spaced
apart from the substrate with a predetermined gap.

2. A method of manufacturing an organic EL display panel
according to claim 1, wherein the gap which is formed
between the recessed portion formed in the opening portion
of the vapor deposition mask used in the formation of the
thin film pattern and the substrate is set to 0.001 to 0.05 mm.

3. Amethod of manufacturing an organic EL display panel
according to claim 1, wherein a portion in the plate thickness
direction of the vapor deposition mask used for the forma-
tion of the thin film pattern which is brought into contact
with the substrate is constituted of at least two members or
more.
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4. A method of manufacturing an organic EL display panel
according to claim 1, wherein a thermal expansion coefli-
cient of a material which constitutes a portion of the vapor
deposition mask used for the formation of the thin film
pattern which is brought into contact with the substrate is set
larger than a thermal expansion coefficient of a material
which constitutes a portion of the vapor deposition mask
which is not brought into contact with the substrate.

5. A method of manufacturing an organic EL display panel
according to claim 1, wherein at least one of materials which
constitute a portion of the vapor deposition mask used for
the formation of the thin film pattern which is brought into
contact with the substrate is made of a magnetic material.

6. A method of manufacturing an organic EL display panel
according to claim 1, wherein a member constituting a
portion of the vapor deposition mask used for formation of
the thin film pattern which is not brought into contact with
the substrate is made of a non-magnetic material.

7. A method of manufacturing an organic EL display panel
according to claim 1, wherein the vapor deposition mask
used for formation of the thin film pattern is fixed to and
supported on a mask frame.

8. A method of manufacturing an organic EL display panel
according to claim 7, wherein the vapor deposition mask
used for formation of the thin film pattern is fixed to the
mask frame by either one of an adhesive agent and welding.

9. A method of manufacturing an organic EL display panel
according to claim 1, wherein the thin film layer forming
means is a vacuum vapor deposition method.

10. A method of manufacturing an organic EL display
panel according to claim 1, wherein the thin film layer
forming means is a sputtering method.

11. A method of manufacturing an organic EL display
panel according to claim 1, wherein the thin film layer
forming means is a chemical vapor deposition method.

12. An organic EL display panel which is formed by
sequentially stacking at least a first electrode, an organic
layer which includes a light emitting layer and a second
electrode to a substrate, wherein

the second electrode is formed such that a vapor deposi-
tion mask having an opening portion corresponding to
a pattern of the second electrode is adhered to a surface
of the substrate, and the second electrode is formed
corresponding to the predetermined pattern on a surface
of the substrate through the opening portion of the
vapor deposition mask by means of a thin film layer
forming means, and

the opening portion of the vapor deposition mask is
formed in the inside of a recessed surface which is
retracted from a surface to which the vapor deposition
mask is brought into contact with the substrate, and the
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opening portion of the vapor deposition mask is formed
using a method which vapor-deposits the second elec-
trode spaced apart from the substrate with a predeter-
mined gap.

13. An organic EL display panel according to claim 12,
wherein the second electrode is formed such that the vapor
deposition mask having the opening portion in the second
electrode pattern is adhered to a surface of the substrate, and
the second electrode is formed corresponding to the pattern
on a surface of the substrate through the opening portion of
the vapor deposition mask by means of the thin film layer
forming means, and

the opening portion of the vapor deposition mask is
formed in the inside of a recessed surface which is
retracted from a surface to which the vapor deposition
mask is brought into contact with the substrate, and the
opening portion of the vapor deposition mask is formed
using a method which vapor-deposits the second elec-
trode spaced apart from the substrate with a predeter-
mined gap.

14. An organic EL display panel according to claim 12,
wherein a protective film is formed to cover the second layer
from above.

15. An organic EL display panel according to claim 14,
wherein the protective layer adheres the vapor deposition
mask having the opening portion in a pattern of the protec-
tive layer to a surface of the substrate, and is formed in a
surface of the substrate corresponding to the pattern through
the opening portion of the vapor deposition mask by a thin
film layer forming means, and

the opening portion of the vapor deposition mask is
formed in the inside of a recessed surface which is
retracted from a surface to which the vapor deposition
mask is brought into contact with the substrate, and the
opening portion of the vapor deposition mask is formed
using a method which vapor-deposits the protective
layer spaced apart from the substrate with a predeter-
mined gap.

16. An organic EL display panel according to claim 12,
wherein the method for vapor-depositing the organic layer is
a vacuum vapor deposition method.

17. An organic EL display panel according to claim 13,
wherein the method for forming the second electrode is a
vapor deposition method or a sputtering method.

18. An organic EL display panel according to any one of
claim 15, wherein the method for vapor-depositing the
protective layer is vacuum vapor deposition method, a
sputtering method or a chemical vapor deposition method.

* * Ed Ed *
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