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Moisture absorbent is embedded in a sheet-type support by
a centrifugal force. A gas permeable sheet is fixed to one face
of the support via an adhesive layer and a protection sheet
is fixed to the other face of the sheet-type support via an
adhesive layer. In this way, a moisture absorbent sheet is
previously prepared. When in an organic EL display, the
protection sheet is removed from the moisture absorbent
sheet, the adhesive layer comes into contact with an opposed
face of a seal cap and the moisture absorbent sheet is fixed
to the opposed face. The seal cap is put on a transparent
insulating substrate in which an anode layer, organic EL
lamination body, and a cathode layer are laminated. The seal
cap comes into contact with the transparent insulating sub-
strate via seal resin of ultraviolet-curable type and ultraviolet
rays are irradiated so as to complete the organic EL display.
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PARTICLE HOLDING SHEET, METHOD OF
MANUFACTURING PARTICLE HOLDING SHEET
AND ORGANIC ELECTROLUMINESCENT
DISPLAY HAVING PARTICLE HOLDING SHEET

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a particle holding
sheet, a method of manufacturing the particle holding sheet
and an organic EL (ElectroLuminescent) display having the
particle holding sheet, and more particularly, relates to an
moisture absorbent sheet, a method of manufacturing the
moisture absorbent sheet and an organic EL display, suitable
for removing moisture in a sealed space using an moisture
absorbent as a particle when the organic EL elements are
hermetically sealed by adhering a substrate on which
organic EL elements are formed to a seal cap in the organic
EL display. Hereafter, the present invention will be
explained using the moisture absorbent sheet and the organic
EL display having the moisture absorbent sheet, however,
particles are not limited to the moisture absorbent in the
present invention.

[0003] The present application claims priority of Japanese
Patent Application No. 2001-111948 filed on Apr. 10, 2001,
which is hereby incorporated by reference.

[0004]

[0005] An organic EL (ElectroLuminescent) display ele-
ment has a structure in which a luminescent layer made of
an organic compound is put between an anode and a cathode.
By applying a direct voltage to the anode and the cathode of
the organic EL display element, holes injected from the
anode and electrons injected from the cathode are recom-
bined in the luminescent layer to make an excitation state.
Then, luminescence occurs in a relaxation process from the
excitation state to a ground state.

[0006] The organic EL display has good characteristics
which cannot be provided by a liquid crystal display, for
example, the organic EL display can be a self-luminescent
thin flat display with a rapid response ability and a wide
angle of visibility.

[0007] However, since the organic EL element deterio-
rates by moisture infiltration, a sufficient lifetime can not be
obtained. For example, with the moisture penetrating an
interface between the luminescent layer and an electrode, the
electrons are prevented from injecting. Therefore, a display
quality is deteriorated since a dark spot which is a non-
luminescent area generates in the luminescent layer, the
electrode corrodes and the dark spot grows to reduce the
luminescent area.

[0008] Therefore, it is considered that influences of the
moisture and a like are prevented by hermetically sealing the
organic EL element. For example, an organic EL display is
proposed in which the organic EL element is enclosed in a
container having no moisture permeability with nitrogen gas
and moisture absorbent.

[0009] An organic EL display 101, as shown in FIG. 14,
is provided with a transparent insulating substrate 102 such
as a glass substrate, an anode layer 103, an organic EL
lamination body 104 including a luminescent layer, a cath-

1. Field of the Invention

2. Description of Related Art
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ode layer 105 and a seal cap 106. A moisture absorbent 107
is stored in a concave portion 106a formed in the seal cap
106.

[0010] The anode layer 103 is formed on the transparent
insulating substrate 102 and is made of transparent conduc-
tive material such as ITO (Indium Tin Oxide).

[0011] The organic EL lamination body 104, for example,
as shown in FIG. 14, includes a hole transport layer 108, a
luminescent layer 109 and an electron transport layer 110, in
that order, on the anode layer 103.

[0012] The hole transport layer 108 is made of TPD:
N,N'-diphenyl-N,N'-di (3-methylphenyl)-1, 1'-biphenyl-4,
4'-diamine or alike.

[0013] The luminescent layer 109 is made of Algs: tris
(8-hydroxyquinolinol) Aluminum. The electron transport
layer 110 is made of 3-(4-biphenylyl)-4-phenyl-5-(4-t-bu-
tylphenyl)-1, 2, 4-triazole or a like.

[0014] The cathode layer 105 is formed on the organic EL.
lamination body 104 and is made of aluminum or a like.

[0015] The seal cap 106 is made of metal material such as
stainless steel, glass, or a like and seals the anode layer 103,
the organic EL lamination body 104, and the cathode layer
105. The seal cap 106 has the concave portion 106a for
keeping the moisture absorbent 107 and is put on the
transparent insulating substrate 102 to cover the anode layer
103, the organic EL lamination body 104, and the cathode
layer 105 via a seal resin 111.

[0016] The moisture absorbent 107 is composed of par-
ticles such as BaO and is held by a gas permeable sheet 112
while being kept in the concave portion 106a of the seal cap
106.

[0017] A method of manufacturing the organic EL display
101 will be explained.

[0018] First, the anode layer 103 such as ITO is formed on
the transparent insulating substrate 102 such as a glass
substrate by a sputtering technique or a like. On the trans-
parent insulating substrate 102 on which the anode layer 103
is formed, N,N'-diphenyl-N,N'-di (3-methylphenyl) -1,
1'-biphenyl-4, 4'-diamine) or a like, tris (8-hydroxyquinoli-
nol) aluminum or a like, 3-(4-biphenylyl)-4-phenyl-5-(4-t-
butylphenyl)-1,2,4-triazole or a like are deposited by an
evaporation technique. With these processes, the organic EL
lamination body 104 including the hole transport layer 108,
the luminescent layer 109 and the electron transport layer
110 is formed.

[0019] Then, the cathode layer 105 such as aluminum is
formed on the organic EL lamination body 104 by the
evaporation technique using a shadow mask.

[0020] As shown in FIG. 15A, the seal cap 106 in which
the concave portion 106« is formed is prepared, as shown in
FIG. 15B, the moisture absorbent 107 is stored in the
concave portion 1064 of the seal cap 106 and, as shown in
FIG. 15C, the moisture absorbent 107 is covered with the
gas permeable sheet 112 so as to be held.

[0021] The seal resin 111 of an ultraviolet-curable type is
coated on a lower end face of a side wall of the seal cap 106
which holds the moisture absorbent 107. Then, under an
inert gas atmosphere such as nitrogen gas or argon gas, the
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seal cap 106 is put on the transparent insulating substrate
102 and a side wall end face 106) of the seal cap 106 is
jointed to the transparent insulating substrate 102 via the
uncured seal resin 111.

[0022] Then, ultraviolet rays are irradiated from the side of
the transparent insulating substrate 102 so as to cure the seal
resin 111. Therefore, the organic EL lamination body 104 is
sealed by the seal cap 106 while being filled with inert gas
such as nitrogen gas or argon gas. With these processes, the
organic EL display 101 is completed.

[0023] However, in the conventional technique, there is a
problem in that it takes time to store the moisture absorbent
107 in the step of keeping the moisture absorbent 107 in the
concave portion 106a of the seal cap 106.

[0024] In other words, since the moisture absorbent 107 is
composed of particles which are apt to be electrified. When
the moisture absorbent 107 is stored in the concave portion
106a of the seal cap 106, the moisture absorbent 107 flies
and overflows. Therefore, there are problems in that it is
difficult to store an accurate amount of the moisture absor-
bent 107 certainly and in that an operation is complicated
and it takes a great amount of working time.

[0025] Also, since the concave portion 106a for storing
the moisture absorbent 107 is formed in the seal cap 106, a
thickness of the seal cap 106 is bigger. Therefore, there is
another problem in that the organic EL display is prevented
from being thin and small as a whole.

[0026] Additionally, these problems also occur in a solar
battery module or a like which is necessary to have moisture
resistance, and therefore are not only limited to the organic
EL display.

SUMMARY OF THE INVENTION

[0027] In view of the above, it is a first object of the
present invention to provide a moisture absorbent sheet, a
method of manufacturing the moisture absorbent sheet and
an organic EL display capable of filling a desired amount of
moisture absorbent into a sealed space formed by a seal cap
and a transparent insulating substrate with an organic EL
lamination body certainly and capable of carrying out a
filling operation of the moisture absorbent without a trouble,
easily and speedily.

[0028] Also, it is a second object of the present invention
to provide a moisture absorbent sheet, a method of manu-
facturing the moisture absorbent sheet and an organic EL
display capable of making the organic EL display thin and
small as a whole.

[0029] According to a first aspect of the present invention,
there is provided a particle holding sheet for holding a
plurality of particles in such a manner that the plurality of
particles is held by a support of a sheet-type,

[0030] wherein the support has a plurality of spaces con-
necting to an outside at least at a face of the support and at
least a part of the particles is held in one of the spaces.

[0031] In the foregoing, a preferable mode is one wherein
a gas permeable sheet for allowing air pass and for not
allowing the particles pass is fixed to a face of the support
and an adhesive layer is arranged on another face of the
support.
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[0032] Also, a preferable mode is one wherein the support
is made of woven fabric or unwoven fabric.

[0033] Also, a preferable mode is one wherein the support
is made of foam materials.

[0034] Also, a preferable mode is one wherein the par-
ticles are moisture absorbent.

[0035] Also, a preferable mode is one wherein the support
is made of water-absorbing polymeric materials.

[0036] Also, a preferable mode is one wherein the mois-
ture absorbent absorbs moisture physically and/or chemi-
cally.

[0037] Also, a preferable mode is one wherein the mois-
ture absorbent is made of at least any one of calcium oxide,
barium oxide, magnesium oxide, aluminum oxide, and phos-
phorus oxide.

[0038] Furthermore, a preferable mode is one wherein the
moisture absorbent is made of at least any one of zeolite,
silica gel, and activated carbon.

[0039] According to a second aspect of the present inven-
tion, there is provided a method of manufacturing a particle
holding sheet for holding particles in such a manner that said
particles are held by a support of a sheet-type, the method
including;

[0040] a step of putting the particles into a rotation
body which is hollow;
[0041] astep of arranging the support inside of a side

wall portion of the rotation body;

[0042] astep of causing the rotation body to rotate at
a predetermined rotation speed for a predetermined
time around a rotation axis of the rotation body; and

[0043] a step of causing the particles to collide with
the support by using a centrifugal force to hold a
predetermined amount of the particles by the sup-
port.

[0044] 1In the foregoing, a preferable mode is one wherein
the support has a plurality of spaces connecting to an outside
at least at a face of the support, the support being arranged
inside of a side wall portion of the rotation body so that the
plurality of spaces are positioned at a central side of the
rotation body.

[0045] According to a third aspect of the present inven-
tion, there is provided a method of manufacturing a particle
holding sheet for holding particle by using a support of a
sheet-type, the method including:

[0046] a step of putting the particles into a rotation
body of which a side wall portion has a plurality of
small apertures or is made of a mesh member and
which is hollow;

[0047] a step of arranging the support outside of the
side wall portion of the rotation body;

[0048] astep of causing the rotation body to rotate at
a predetermined rotation speed for a predetermined
time around a rotation axis of the rotation body; and

[0049] a step of diffusing the particles out of the
rotation body by a centrifugal force to cause the
support to hold a predetermined amount of the
particles.
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[0050] In the foregoing, a preferable mode is one wherein
the support has a plurality of spaces connecting to an outside
at least at a face of the support, the support is fixed to a
support fitting member and is arranged outside of the side
wall portion of the rotation body so that the plurality of
spaces are positioned at a central side of the rotation body,
and the support fitting member to which the support is fixed
is rotated at the predetermined rotation speed for the pre-
determined time around the rotation axis of the rotation body
in a direction same or reverse to a rotation direction of the
rotation body.

[0051] According to a fourth aspect of the present inven-
tion, there is provided a method of manufacturing a particle
holding sheet for holding particles such that the particles are
held bye support of a sheet-type, the method including:

[0052] astep of scattering the particles on the support
having a space connecting to an outside at least at a
face of the support; and

[0053] a step of pressing the particles together with
the support by using a press tool to cause the support
to hold a predetermined amount of the particles.

[0054] 1In the foregoing, a preferable mode is one wherein
the press tool is a pair of rollers, the particles are scattered
over the support and are inserted between the pair of rollers
to be pressed whereby the particles are held by the support.

[0055] Also, a preferable mode is one wherein the par-
ticles are moisture absorbent.

[0056] According to a fifth aspect of the present invention,
there is provided an organic EL display provided with a
particle holding sheet for holding a plurality of particles in
such a manner that the plurality of particles is held by a
support of a sheet-type,

[0057] wherein the support has a plurality of spaces con-
necting to an outside at least at a face of the support and at
least a part of the particles is held in one of the spaces.

[0058] With the above configurations, since particles are
embedded and held by the support having spaces by the
centrifugal force, it is possible to fill the support with a
desired amount of the moisture absorbent certainly and
accurately by adjusting the rotation speed of the rotation
body, the effluence time of the moisture absorbent or a like.

[0059] Also, by scattering the particles on the support and
by pressing with the press tool together with the support, the
particles are embedded and held by the support, and there-
fore, it is possible to embed the plurality of the particles in
the spaces of the support speedily.

[0060] Further, when the organic EL display is manufac-
tured, the particle holding sheet for holding the moisture
absorbent as the particles is put into the seal cap together
with the organic EL lamination body, and a like, and
therefore, it is possible to enclose a predetermined amount
of the moisture absorbent certainly and accurately and it is
possible to enclose the moisture absorbent easily and speed-
ily without troubles. It is also possible to reduce a number
of steps required to manufacture the organic EL display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings in which:
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[0062] FIG. 1 is a sectional view showing a schematic
structure of an organic EL display according to a first
embodiment of the present invention;

[0063] FIG.2 is a view showing a structure of an essential
part of a moisture absorbent sheet of the organic EL display;

[0064] FIG. 3A is a sectional view showing the essential
part of the moisture absorbent sheet along a line A-A in FIG.
2 and FIG. 3B is a sectional view showing the essential part
of the moisture absorbent sheet along a line B-B in FIG. 2;

[0065] FIG. 4 is a sectional view showing a structure of a
moisture absorbent filling apparatus when the moisture
absorbent sheet is manufactured;

[0066] FIG. 5 is a sectional view along a line C-C in FIG.
4
[0067] FIG. 6 is a view showing a structure of a sheet

support portion of the moisture absorbent filling apparatus;

[0068] FIG. 7 is an explanatory view for explaining a
method of manufacturing the moisture absorbent sheet;

[0069] FIG. 8 is an explanatory view for explaining the
method of manufacturing the moisture absorbent sheet;

[0070] FIGS. 9A, 9B, and 9C are process views for
explaining the method of manufacturing the moisture absor-
bent sheet;

[0071] FIGS. 10A, 10B, and 10C are process views for
explaining a method of manufacturing the organic EL dis-
play;

[0072] FIG. 11 is an explanatory view for explaining a
method of manufacturing the organic EL display;

[0073] FIGS. 12A and 12B are process views for explain-
ing the method of manufacturing the organic EL display;

[0074] FIGS. 13A, 13B, and 13C are process views for
explaining a method of manufacturing a moisture absorbent
sheet according to a second embodiment of the present
invention;

[0075] FIG. 14 is an explanatory view for explaining a
conventional technique of manufacture of a conventional
organic EL display; and

[0076] FIGS. 15A, 15B, and 15C are explanatory views
for explaining the conventional technique of manufacture of
the conventional organic EL display.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0077] Best modes for carrying out the present invention
will be described in further detail using embodiments with
reference to the accompanying drawings.

FIRST EMBODIMENT

[0078] FIG. 1 is a sectional view showing a schematic
structure of an organic EL display according to a first
embodiment of the present invention, FIG. 2 is a view
showing a structure of an essential part of a moisture
absorbent sheet of the organic EL display, FIG. 3A is a
sectional view showing the essential part of the moisture
absorbent sheet along a line A-A in FIG. 2 and FIG. 3B is
a sectional view along a line B-B in FIG. 2, FIG. 4 is a
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sectional view showing a structure of a moisture absorbent
filling apparatus when the moisture absorbent sheet is manu-
factured, FIG. 5 is a sectional view along a line C-C in FIG.
4, FIG. 6 is a view showing a structure of a sheet support
portion of the moisture absorbent filling apparatus, FIG. 7
and FIG. 8 are explanatory views for explaining a method
of manufacturing the moisture absorbent sheet, and FIGS.
94, 9B, and 9C are process views for explaining the method
of manufacturing the moisture absorbent sheet. FIGS. 10A,
10B, and 10C are process views for explaining a method of
manufacturing the organic EL display, FIG. 11 is an
explanatory view for explaining a method of manufacturing
the organic EL display and FIGS. 12A and 12B are process
views for explaining the method of manufacturing the
organic EL display.

[0079] An organic EL display 1, as shown in FIG. 1, is
provided with a transparent insulating substrate 2 such as a
glass substrate, an anode layer 3, an organic EL lamination
body 4 including a luminescent layer, a cathode layer 5, a
seal cap 6 for storing the organic EL lamination body 4 and
a like in a sealed space 1A formed with the transparent
insulating substrate 2 and a moisture absorbent sheet (par-
ticle holding sheet) 7.

[0080] The anode layer 3 is formed in stripes on the
transparent insulating substrate 2 and is made of transparent
material such as ITO (indium tin oxide).

[0081] The organic EL lamination body 4, as shown in
FIG. 1, includes a hole injection-transport layer 8, a lumi-
nescent layer 9 and an electron injection-transport layer 11
which are laminated in order.

[0082] The hole injection-transport layer 8 has functions
for making injection of holes from the anode layer 3 easy, for
transporting holes to the luminescent layer 9 stably and for
blocking electrons coming from the side of the electron
injection-transport layer 11 and is made of TPD: N,N'-
diphenyl-N,N'-di (3-methylphenyl) -1, 1'-biphenyl-4, 4-di-
amine or alike.

[0083] The luminescent layer 9 has functions of generat-
ing excitons by recombining the holes injected from the
anode layer 3 with the electrons injected from the cathode
layer 5 and of emitting a light in transition process, and is
made up of such as Alqy: tris (8-hydroxyquinolinol) Alumi-
num or a like.

[0084] The electron injection-transport layer 11 has func-
tions of making injection of electrons from the cathode layer
5 easy, for transporting electrons to the luminescent layer 9
stably and for blocking holes coming from the side of the
hole injection-transport layer 8 is made up of such as
3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1, 2, 4-triaz-
ole or a like.

[0085] The cathode layer 5 is formed in stripes so as to be
orthogonal to the anode layer 3 and is made of metal having
a low work function such as aluminum.

[0086] Arcas between the anode layer 3 and the cathode
layer 5 which are orthogonal to each other in the organic EL
lamination body 4 are used as organic EL pixels (not shown)
to be luminescent display units, and the organic EL pixels
are arranged in a matrix.

[0087] The seal cap 6, as shown in FIG. 1, is formed in a
boxshaped cap having a predetermined depth (such as
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approximately 0.4 mm) of metal material such as stainless
steel, glass or a like and is put on the transparent insulating
substrate 2 to cover the anode layer 3, the organic EL
lamination body 4, and the cathode layer 5 via a seal resin
12 of an ultraviolet-curable type.

[0088] The moisture absorbent sheet 7 is fixed to an
opposed surface 6a opposite to the cathode layer 5 in the seal
cap 6. The moisture absorbent sheet 7, as shown in FIG. 2,
FIG. 3A and FIG. 3B, has a structure in which a particle-
like moisture absorbent 13 is held by a space 15H of a
sheet-type support 15 by being embedded in the space 15H
and in which a gas permeable sheet 17 is fixed to the
sheet-type support 15 at a side opposite to the organic EL
lamination body 4 via an adhesive layer 16. The sheet-type
support 15 is fixed to the opposed surface 6a of the seal cap
6 via adhesive layer 18 while holding the moisture absorbent
13.

[0089] The sheet-type support 15, as shown in FIG. 2,
FIG. 3A and FIG. 3B, is a plain woven fabric in which a
warp 13a and a weft 150 made of fluorine polymeric
material such as PCTFE (polychlorotriffuoroethylene) or
PTFE (polytetrafluoroethylene) are woven together and
which has a thickness of approximately 20 g#m or a like.

[0090] In this embodiment, the warp 15 and the weft 15
, each of which having a gauge of approximately 10 um or
less, are used. Also, the space 15H has a vertical dimension
of approximately 10 yum along the warp 154 and a horizontal
dimension of approximately 10 um along the weft 15b.

[0091] The moisture absorbent 13 is made of particle
calcium oxide (CaO) or a like having particle sizes of 2 ym
to 20 um (a mean particle size is 10 um) as an example.
When the calcium oxide absorbs moisture (H,O0) in the
sealed space 1A, the calcium oxide reacts with the moisture
to generate calcium hydroxide (Ca(OH),) and dehumidifi-
cation is carried out. With this arrangement, deterioration
caused by the moisture in the organic EL lamination body 4
and a like is prevented.

[0092] Particles do not pass through the gas permeable
sheet 17, while water molecules (vapor) pass casily through
the gas permeable sheet 17. The gas permeable sheet 17 is
electrically-insulative and covers the sheet-type support 15
to prevent the moisture absorbent 13 from dropping. Air
including the moisture passes through the gas permeable
sheet 17.

[0093] The moisture absorbent sheet 7 according to this
embodiment is made by a moisture absorbent filling appa-
ratus 21 for filling the sheet-type support 15 with the
moisture absorbent 13. The moisture absorbent filling appa-
ratus 21 will now be explained.

[0094] The moisture absorbent filling apparatus 21, as
shown in FIG. 4 and FIG. §, is provided with an outer
cylindrical portion (as a rotation body and as a support fitting
member) 23 and an inner cylindrical portion (as a rotation
body) 24 fixed to a same shaft 22 as a rotation axis, an
electric motor 25 for rotating the shaft 22 and a lid portion
26. Only tops of the outer cylindrical portion 23 and the
inner cylindrical portion 24 are opened. The inner cylindri-
cal portion 24 is stored in the outer cylindrical portion 23.
When operating by using the electric motor 285, the opened
tops of the outer cylindrical portion 23 and the inner
cylindrical portion 24 are covered by the lid portion 26.
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[0095] As shown FIG. 4 to FIG. 6, an approximately
U-shaped sheet fitting portion 27 is fixed to an inner wall
face 23a of the outer cylindrical portion 23 to form grooves
27m for accepting three peripheral portions of the sheet-type
support 15 with the inner wall face 23a except the top
portion, because the sheet-type support 15 is inserted from
the top.

[0096] The sheet fitting portion 27 includes a mounted
portion 27a for mounting the sheet-type support 15 and side
control portions 27b, 27b for preventing displacement of the
sheet-type support 15 in a rotation direction of the outer
cylindrical portion 23.

[0097] The moisture absorbent 13 is stored in the inner
cylindrical portion 24. A plurality of apertures 284 through
which the moisture absorbent 13 can pass are made in a band
to form a moisture absorbent effluence portion 28. A length
“a” of the moisture absorbent effluence portion 28 along a
vertical direction is approximately equal to a length of the
sheet-type support 15 so as to prevent unnecessary moisture
absorbent 13 from effusing to portions to which no sheet-
type support 15 is fixed.

[0098] Next, a method of manufacturing the moisture
absorbent sheet 7 will be explained.

[0099] First, the sheet-type support 15 is prepared and, as
shown in FIG. 7 and FIG. 8, is fixed to the sheet fitting
portion 27 of the moisture absorbent filling apparatus 21.
Then, the moisture absorbent 13 is put into the inner
cylindrical portion 24. During this time, the moisture absor-
bent 13 is put into the inner cylindrical portion 24 until an
upper position of a height corresponding to an amount to be
held by the sheet-type support 15. With this arrangement, the
moisture absorbent 13 is collided with the sheet-type support
15 evenly.

[0100] Then, the electric motor 25 is started in order to
rotate the outer cylindrical portion 23 and the inner cylin-
drical portion 24 at a predetermined rotation speed. The
rotation speed set to, for example, several thousand (rpm).

[0101] With these processes, the sheet-type support 15 is
pressed and fixed to the inner wall face 23a of the outer
cylindrical portion 23 by a centrifugal force. Also, the
moisture absorbent 13 is effused by the centrifugal force,
collides with the sheet-type support 15 and is embedded in
the space 15H (refer to FIG. 2). After the electric motor 25
is operated for a predetermined time, a predetermined
amount of the moisture absorbent 13 is embedded and filled
in the sheet-type support 15.

[0102] In this way, as shown in FIG. 9A, the sheet-type
support 15 in which the moisture absorbent 13 is held by the
space 15H is obtained and, as shown in FIG. 9B, the
adhesive layers 16, 18 are formed on both sides of the
sheet-type support 15. Then, as shown in FIG. 9C, the gas
permeable sheet 17 is fixed to the sheet-type support 15 via
the adhesive layer 16 and a removable protecting sheet 19 is
fixed to the sheet-type support 15 via the adhesive layer 18.
With this operation, the moisture absorbent sheet 7 can be
obtained.

[0103] Next, explanations will be given of a method of
manufacturing the organic EL display 1 using the moisture
absorbent sheet 7 for heremetical sealing.
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[0104] As shown in FIG. 10A, by a sputtering technique,
ITO film is formed on the transparent insulating substrate 2
such as a glass substrate which is thoroughly washed, and
then is patterned by a photography technique to make the
anode layer 3 in stripes.

[0105] Then, as shown in FIG. 10B, on the transparent
insulating substrate 2 on which the anode layer 3 is formed,
N,N'-diphenyl-N,N'-di (3-methylphenyl) -1, 1'-biphenyl-4,
4'-diamine or a like is deposited in a predetermined pattern
by a vacuum evaporation technique using a shadow mask to
form the hole injection-transport layer 8.

[0106] Then, by using the vacuum evaporation technique
similarly to the hole injection-transport layer 8, tris (8-hy-
droxyquinolinol) Aluminum is deposited to form the lumi-
nescent layer 9. On the luminescent layer 9, 3-(4-bipheny-
Iyl)-4phenyl-5-(4-t-butylphenyl)-1, 2, 4-triazole is deposited
to form the electron injection-transport layer 11.

[0107] With these processes, the organic EL lamination
body 4 in which the hole injection-transport layer 8, the
luminescent layer 9 and electron injection-transport layer 11
are laminated in order is obtained.

[0108] Then, as shown in FIG. 10C, aluminum or like is
deposited in a predetermined pattern by the vacuum evapo-
ration technique using a shadow mask to form the cathode
layer 5 in stripes perpendicular to the anode layer 3 as shown
in FIG. 11.

[0109] Next, as shown in FIG. 12A, the protecting sheet
19 has been removed from the moisture absorbent sheet 7,
and the adhesive layer 18 has come in contact with the
opposed face 6a in the seal cap 6 and the moisture absorbent
sheet 7 is overlaid on the opposed face 6a.

[0110] Seal resin 12 of an ultraviolet-curable type is
applied to a lower end face of a side wall of the seal cap 106
in which the moisture absorbent sheet 7 is overlaid on the
opposed face 6a.

[0111] Then, as shown in FIG. 12B, under an inert gas
atmosphere such as nitrogen gas or argon gas, the seal cap
6 is put on the transparent insulating substrate 2 and a side
wall end face 6b of the seal cap 6 is joined to the transparent
insulating substrate 2 via the uncured seal resin 12.

[0112] Then, ultraviolet rays UV are irradiated from the
side of the transparent insulating substrate 2 so as to cure the
seal resin 12. Therefore, the anode layer 3, the organic EL
lamination body 4, and the cathode layer 5 are sealed by the
seal cap 6 while being filled with nitrogen gas or argon gas.
With these processes, the organic EL display 1 is completed.

[0113] As described above, according to this embodiment,
the moisture absorbent 13 is held by the sheet-type support
15 using the centrifugal force. In this process, by adjusting
the rotation speed of the electric motor 25, the effluence time
of the moisture absorbent 13 and a like, it is possible to fill
the sheet-type support 15 with a desired amount of the
moisture absorbent 13 certainly and accurately. Also, by the
centrifugal force, it is possible to manufacture the moisture
absorbent sheet 7 speedily.

[0114] Further, when the organic EL display 1 is manu-
factured, the moisture absorbent sheet is put into the seal cap
6 together with the organic EL lamination body, and there-



US 2002/0145128 Al

fore, it is possible to enclose a predetermined amount of the
moisture absorbent 13 certainly and accurately.

[0115] Furthermore, since the moisture absorbent 13 is
held by the sheet-type support 15, in comparison with the
conventional technique in which the concave portion of the
seal cap is filled with the moisture absorbent, it is possible
to use the moisture absorbent effectively using a same
amount of moisture absorbent. Therefore, good absorbency
can be kept.

[0116] For example, in the above-mentioned conventional
technique, the moisture absorbent is put into the concave
portion formed in a limited area of the seal cap, and all of
the moisture absorbent can not be used effectively. On the
contrary, since the moisture absorbent 13 is distributed and
putinto an area corresponding to a sectional area of the seal
cap 6, it is possible to use the moisture absorbent 13
effectively.

[0117] Therefore, it is possible to carry out a long lifetime
of the organic EL display 1.

[0118] In other words, as a result of an experiment by the
inventor, when no moisture absorbent was put, a lifetime to
no luminescence under room temperature was approxi-
mately two months. When the moisture absorbent was put
into the concave portion of the seal cap in the conventional
technique, the lifetime under a same condition was approxi-
mately 30,000 hours. Also, the moisture absorbent sheet
holding the same amount of the moisture absorbent as in the
conventional technique was able to achieve approximately
55,000 hours. In addition, the measured results of the
lifetimes were obtained under a condition in that the mois-
ture absorbent of approximately 30 mg was put into the cap
of which a sectional area was approximately 50 mmx45 mm.

[0119] As described above, according to this embodiment,
it was understood that the lifetime was able to be extended
to approximately 40 times or more in comparison with a case
in that no moisture absorbent was put, and to approximately
twice in comparison with the conventional technique in that
the moisture absorbent was stored in the concave portion of
the seal cap.

[0120] Also, it is possible to enclose the moisture absor-
bent 13 easily and speedily without troubles. It is possible to
reduce a number of steps required to manufacture the
organic EL display 1.

[0121] Also, the moisture absorbent sheet is used when the
organic EL display 1 is manufactured, and therefore it is
unnecessary to pay attention to dealing with the moisture
absorbent; for example, there is no case in that the moisture
absorbent 13 is dropped wastefully.

[0122] Further, since it is unnecessary to form the concave
for storing the moisture absorbent 13 in the seal cap 6, the
thickness of the seal cap 6 can be made thin, and therefore,
the organic EL display can be made thin and small as a
whole.

[0123] Furthermore, since a shape of the seal cap 6 is
simple, the seal cap 6 can be made easily by press molding
or a like.

SECOND EMBODIMENT

[0124] FIGS. 13A to 13D are process views for explain-
ing a method of the moisture absorbent sheet 13 according
to a second embodiment of the present invention.
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[0125] As a main difference between the first embodiment
and the second embodiment, instead of a method for embed-
ding a moisture absorbent 13 into a sheet-type support 15
using a centrifugal force when the moisture absorbent sheet
7 is manufactured, the moisture absorbent 13 is scattered and
is pressed by rollers so as to be put into the sheet-type
support 15.

[0126] First, as shown in FIG. 13A, the sheet-type support
15 is set forward by a pair of rollers, a roller 31a and a roller
31b, for rotating while respectively pressing an upper face
and an lower face of the sheet-type support 15.

[0127] At a predetermined position, a hopper 41 is posi-
tioned for supplying the moisture absorbent 13. As shown in
FIG. 13A, the moisture absorbent 13 is scattered onto the
sheet-type support 15 from an exhaust port 41a. A width of
the exhaust port 41a in a perpendicular direction to a
carrying direction of the sheet-type support 15 is approxi-
mately equal to a width of the sheet-type support 15, and
therefore, the moisture absorbent 13 is scattered evenly.

[0128] Then, as shown in FIG. 13A, the moisture absor-
bent 13 is pressed by pairs of rollers 31¢ and 314, rollers 31e
and 31f and rollers 31g and 314 together with the sheet-type
support 15, and therefore, the moisture absorbent 13 is
embedded into the sheet-type support 15.

[0129] As shown in FIG. 13B, the sheet-type support 15
is carried to a position of a feeder 42 for supplying adhesive
184 used to form an adhesive layer 18 and of a container 43
for applying 16a used to form an adhesive layer 16 by a
roller 32a and a roller 32b.

[0130] At this position, the adhesive 18« is dropped on the
upper face of the sheet-type support 15 and then is applied
by a roller 32¢ evenly to form the adhesive layer 18 and the
adhesive is applied on the lower face of the sheet-type
support 15 by a roller 32d to form the adhesive layer 16.
Then, the sheet-type support 15 is carried ahead for a next
step by a roller 32¢ and a roller 32f.

[0131] As shown in FIG. 13C, the sheet-type support 15
is carried to a position for laminating the gas permeable
sheet 17 and the protecting sheet 19 by a roller 334 and a
roller 33b. The gas permeable sheet 17 and the protecting
sheet 19 are pressed to the sheet-type support 15 by a roller
33c¢ and a roller 33d.

[0132] Then, after a drying step or a like, as shown in FIG.
13D, the gas permeable sheet 17 and the protecting sheet 19
are respectively laminated via the adhesive layer 16 and the
adhesive layer 18. Thereafter, the moisture absorbent sheet
7 is completed after a cut step of cutting the sheet-type
support 15 at a predetermined size.

[0133] As described above, according to this embodiment,
by adjusting a supply amount of the moisture absorbent 13,
a carrying speed of the sheet-type support 15 and a like, it
is possible to fill a desired amount of moisture absorbent 13
into the sheet-type support 15 certainly and accurately.

[0134] Tt is thus apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention.

[0135] For example, in the above-mentioned embodi-
ments, a plain woven fabric is used as the sheet-type support
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15, however, the present invention is limited to the plain
woven fabric and a twill woven fabric and a SHUSHI woven
fabric having lots of spaces may be used. Also, the present
invention is not limited to woven fabrics; and a nonwoven
fabric having lots of spaces may be used. Further, a porous
foam body such as a polyurethane foam body may be used
as the sheet-type support 15.

[0136] In this way, if only the sheet-type support 15 has
lots of spaces, by embedding the moisture absorbent in the
spaces, it is possible to obtain a moisture absorbent sheet.
Then, by using the moisture absorbent sheet when an
organic EL display is manufactured, it is possible to enclose
the moisture absorbent easily, simply, and speedily without
problems.

[0137] Also, the space 15H is not always necessary to
penetrate through the sheet-type support 15 and may be
opened at a side opposite to the organic EL lamination body

4.

[0138] Also, the thickness of the sheet-type support 15 is
not always necessary to be approximately 20 um and may be
100 um. A plurality of the sheet-type supports 15 may be
wrapped over and the sheet-type support 15 may be folded.

[0139] Also, the shape of the sheet-type support 15 may be
rectangular, circular, or irregular. It is possible to cut the
sheet-type support 15 into a suitable size and a suitable
shape in accordance with a fitting position state of the
moisture absorbent sheet. It is also possible to wrap over the
moisture absorbent sheet if necessary and to change the
shape of the moisture absorbent sheet freely. A plurality of
moisture absorbent sheets may be used.

[0140] Further, as thread textile materials, the present
invention is not limited to fluorine polymeric materials, and
PET (PolyEthylene Terphthalate) or a like may be used.

[0141] Also, textile made of water-absorbing polymeric
materials or hollow fibrous textiles which are previously
dried sufficiently may be used. With these textiles, it is
possible to increase an absorbable moisture amount.

[0142] Also, the moisture absorbent is not limited to
calcium oxide; barium oxide (BaO), magnesium oxide
(MgO), aluminum oxide (AL,05), phosphorus oxide (such as
diphosphorus pentoxide (P,0s), or a like may be used.
Absorbing the moisture, these oxides react with the moisture
and chemical changes occur as well as calcium oxide.
Therefore, there is no case in that the moisture effuses even
though heated.

[0143] Further, zeolite, silica gel, activated carbon or a
like which absorbs moisture physically may be used as the
moisture absorbent. Also, a deliquescent substance such as
calcium chloride (CaCl,) and magnesium chloride (MgCl,)
may be used as the moisture absorbent. In this case, the
deliquescent substance is made into an aqueous solution, the
sheet-type support is soaked in the aqueous solution or the
aqueous solution is sprayed onto the sheet-type support, and
then the sheet-type support is heated and dried to manufac-
ture the moisture absorbent sheet. It is also possible to mix
moisture absorbent for absorbing moisture physically and
moisture absorbent for absorbing moisture chemically.

[0144] The seal cap 6 is not limited to metal material such
as stainless steel ; and transparent glass or a like may be
formed into a cap.
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[0145] The anode layer is not limited to ITO; and tin oxide
(Sn0,) or a like may be used if only transparent.

[0146] In the organic EL lamination body, the hole injec-
tion-transport layer is not limited to N,N'-diphenyl- N,N'-di
(3-methylphenyl)-1, 1'-biphenyl-4, 4'-diamine; a hydrazone
derivative, a carbazole derivative, a triazole derivative, or a
like may be used. The luminescent layer 9 is not limited to
tris (8-hydroxyquinolinol) aluminum; and a phenylan-
thracene derivative, a tetraallylethene derivative, or a like
may be used. The electron injection-transport layer 11 is not
limited to 3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,
2, 4-triazole; and a pyridine derivative, a diphenylquinone
derivative, or a like may be used.

[0147] The hole injection-transport layer may divided into
two layers including a hole injection layer and a hole
transport layer and the two layers may be laminated. In this
case, a compound used in the hole injection layer has low
potential. Similarly, the electron injection-transport layer
may be divided into two layers including an electron injec-
tion layer and an electron transport layer and the two layers
may be laminated.

[0148] A function of a luminescent layer may be added to
the hole injection-transport layer. Also, the organic EL
lamination body may include a hole transport layer and a
luminescent layer and may include only a luminescent layer.

[0149] The cathode layer is not limited to aluminum; and
magnesium, aluminum-lithium alloy, or a like may be used.

[0150] In the first embodiment, in a moisture absorbent
filling apparatus 21, an inner cylindrical portion 24, and an
outer cylindrical portion 23 are rotated at the same time,
however, the inner cylindrical portion 24 and the outer
cylindrical portion 23 may be rotated at respective rotation
speeds or only the inner cylindrical portion 24 may be
rotated. With this arrangement, it is also possible to insert the
moisture absorbent into the sheet-type support.

[0151] In this case, the inner cylindrical portion 24 and the
outer cylindrical portion 23 may be rotated reversely. With
this arrangement, since it is possible to embed the moisture
absorbent into the sheet-type support with a more impact
force of collision, large amounts of the moisture absorbent
can be held by the sheet-type support.

[0152] In the second embodiment, the case in that the
moisture absorbent is pressed into the sheet-type support by
the pairs of rollers is described. Also, after scattering the
moisture absorbent over the sheet-type support evenly, the
moisture absorbent may be pressed into the sheet-type
support by using a press tool having a press surface which
is a plain surface to press the press surface to the tool
sheet-type support.

[0153] Also, the moisture absorbent may be embedded
into spaces of the sheet-type support by supplying the
moisture absorbent from one side of the sheet-type support,
by keeping a pressure at the other side of the sheet-type
under a pressure at the one side (such as atmospheric
pressure) and by inhaling the moisture absorbent via the gas
permeable sheet.

[0154] Also, the moisture absorbent sheet 7 may be pro-
vided with the gas permeable sheet 17 and the adhesive layer
18 if necessary, and the gas permeable sheet 17 and the
adhesive layer 18 may be omitted.
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[0155] Also, in the embodiment, descriptions are given of
the case in that the adhesive layer 18 is previously provided
at a side of the moisture absorbent sheet 7 and the moisture
absorbent sheet 7 is fixed to the seal cap 6, however, the
adhesive layer 18 may be previously provided at the
opposed face 6a of the seal cap 6 and the moisture absorbent
sheet 7 may be fixed to the seal cap 6. With this arrangement,
the protecting sheet 19 can be omitted.

[0156] Also, the moisture absorbent sheet 7 may be fixed
to a side wall surface in addition to the opposed face 6a in
the seal cap 6. Further, the moisture absorbent sheet 7 may
be fixed to only the side wall surface.

[0157] In the embodiments, descriptions are given of the
case in that the moisture absorbent sheet 7 1s applied to the
organic EL display, however, the moisture absorbent sheet 7
may be applied to an inorganic EL, a solar battery module,
and a like and is not limited to the organic EL display.

[0158] Furthermore, particles held by the particle holding
sheet of the present invention are not limited to the moisture
absorbent and may be particles such as magnetic powder,
catalyst, and oxygen moisture absorbent.

[0159] By using the particle holding sheet for holding
particles, it is also possible to solve difficulty when dealing
with particles and it is possible to embed particles into a
needed position easily and speedily without problems.

What is claimed is:

1. A particle holding sheet for holding a plurality of
particles in such a manner that said plurality of particles is
held by a support of a sheet-type,

wherein said support has a plurality of spaces connecting
to an outside at least at a face of said support and at
least a part of said particles is held in one of said spaces.

2. The particle holding sheet according to claim 1,
wherein a gas permeable sheet for allowing air pass and for
not allowing said particles pass is fixed to a face of said
support.

3. The particle holding sheet according to claim 1,
wherein a gas permeable sheet for allowing air pass and for
not allowing said particles pass is fixed to a face of said
support and an adhesive layer is arranged on another face of
said support.

4. The particle holding sheet according to claim 1,
wherein said support is made of woven fabric or unwoven
fabric.

5. The particle holding sheet according to claim 1,
wherein said support is made of foam materials.

6. The particle holding sheet according to claim 1,
wherein said particles a re made up of moisture absorbent.

7. The particle holding sheet according to claim 1,
wherein said support is made of w water-absorbing poly-
meric materials.

8. The particle holding sheet according to claim 6,
wherein said moisture absorbent absorbs moisture physi-
cally and/or chemically.

9. The particle holding sheet according to claim 8,
wherein said moisture absorbent is at least one absorbent
selected from the group consisting of calcium oxide, barium
oxide, magnesium oxide, aluminum oxide, and phosphorus
oxide.
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10. The particle holding sheet according to claim 8,
wherein said moisture absorbent is at least one absorbent
selected from the group consisting of zeolite, silica gel, and
activated carbon.

11. Amethod of manufacturing a particle holding sheet for
holding particles in such a manner that said particles are held
by a support of a sheet-type, said method comprising:

a step of putting said particles into a rotation body which
is hollow;

a step of arranging said support inside of a side wall
portion of said rotation body;

a step of causing said rotation body to rotate at a prede-
termined rotation speed for a predetermined time
around a rotation axis of said rotation body; and

a step of causing said particles collide with said support
using a centrifugal force to hold a predetermined
amount of said particles by said support.

12. The method of manufacturing the particle holding
sheet according to claim 11, wherein said support has a
plurality of spaces connecting to an outside at least at a face
of said support, said support being arranged inside of a side
wall portion of the rotation body so that said plurality of
spaces are positioned at a central side of said rotation body.

13. The method of manufacturing the particle holding
sheet according to claim 11, wherein said particles are made
up of moisture absorbent.

14. A method of manufacturing a particle holding sheet
for holding particles by using a support of a sheet-type, said
method comprising:

a step of putting said particles into a rotation body of
which a side wall portion has a plurality of small
apertures or is made of a mesh member and which is
hollow;

a step of arranging said support outside of said side wall
portion of said rotation body;,

a step of causing said rotation body to rotate at a prede-
termined rotation speed for a predetermined time
around a rotation axis of said rotation body; and

a step of diffusing said particle out of said rotation body
by a centrifugal force to cause said support to hold a
predetermined amount of said particles.

15. The method of manufacturing the particle holding
sheet according to claim 14, wherein said support has a
plurality of spaces connecting to an outside at least at a face
of said support, said support is fixed to a support fitting
member and is arranged outside of said side wall portion of
said rotation body so that said plurality of spaces are
positioned at a central side of said rotation body, and said
support fitting member to which said support is fixed is
rotated at said predetermined rotation speed for said prede-
termined time around said rotation axis of said rotation body
in a direction same or reverse to a rotation direction of said
rotation body.

16. The method of manufacturing the particle holding
sheet according to claim 14, wherein said particles are made
up of moisture absorbent.

17. A method of manufacturing a particle holding sheet
for holding particles such that said particle are held by a
support of a sheet-type, said method comprising:
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a step of scattering said particles on said support having
a space connecting to an outside at least at a face of said
support; and

a step of pressing said particle together with said support
by using a press tool to cause said support to hold a
predetermined amount of said particle.

18. The method of manufacturing the particle holding
sheet according to claim 17, wherein said press tool is a pair
of rollers, said particles are scattered over said support and
are inserted between said pair of rollers to be pressed
whereby said particles are held by said support.
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19. The method of manufacturing the particle holding
sheet according to claim 17 , wherein said particles are
moisture absorbent.

20. An organic EL display is provided with a particle
holding sheet for holding a plurality of particles in such a
manner that said plurality of particles is held by a support of
a sheet-type,

wherein said support has a plurality of spaces connecting
to an outside at least at a face of said support and at
least a part of said particles is held in one of said spaces.

I T T
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