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STRUCTURE FORMING SUBSTRATE, METHOD OF PRODUCING THE
E, AND METHOD OF PRODUCING HOLLOW STRUCTURE USING THE
SAME TECHNICAL FIELD [0001]The present invention
relates to a substrate for forming a hollow structure
suitable for forming the hollow structure having
regularly-arranged hollow parts. The invention also
relates to a method of producing the hollow structure
forming substrate, and to a method of producing the
hollow structure using the hollow structure forming
substrate. BACKGROUND ART [0002]There has been known a
hollow structure,structure disclosed in Japanese
patent publication No. H08-112873 for example.
Japanese patent publication No. HO8-112873 discloses a
foamed hollow structure, in which a highly expandable
thermoplastic resin composition is filled into each
square-shaped hollow recess of a thermoplastic resin
body having a lattice-like horizontal sectional
configuration. The thermoplastic resin body is then
heated to cause volume expansion of the highly
expandable thermoplastic resin composition, so as to
obtain the foamed hollow structure. [00031Recently, a
technology of producing a hollow structure having a
plurality of regularly-arranged hollow parts is being
developed. The hollow structure having the
regularly-arranged hollow parts is formed by regularly



forming gas-retaining spaces, which stores gas
therein, to a substrate, and forming  a flat
plastic-deformation film, which includes a
plastic-deformable material, on a surface of the
substrate. Then, the plastic-deformation film is
expanded and extended by expanding pressure of the gas
inside of the gas-retaining spaces, so as to obtain
the hollow structure having the regularly-arranged
hollow parts. Such a technology is, for example,
described in Japanese patent publication No.
2007-98930. DISCLOSURE OF THE INVENTION
[0004]Referring to FIG. 1A, the technology described
in Japanese patent publication No. 2007-98930 forms
and regularly arranges recesses 2, in which inner wall
surfaces thereof are substantially spherical, in a
hollow structure forming substrate 1 as the
gas-retaining spaces, and forms circular openings 3,
which communicate with the atmosphere, on the recesses
2. Each of the openings 3 is used as a gas leading-out
part, which leads air inside the recess 2 toward
outside therefrom. [0005]More specifically, the hollow
structure is manufactured through processes described
below, in the technology described in Japanese
publication No, 2007-98930. [0006]Referring to FIG.
lB, first, a thin plastic-deformation film 4, which
includes a plastic-deformable material, is formed on a
surface 1a of the substrate 1 in such a manner as to
block the openings 3. The plastic-deformation film 4
may be formed by, for example, a spin coating method,
a slit coating method, or the like. [0007]Then, the
hollow structure forming substrate 1, formed with the
plastic-deformation film 4 illustrated in FIG. 1B, is
set inside of an unillustrated vacuum container.Inside
of the vacuum container is depressurized to 



1KPa-50Kpa (a pressure of 1/100 atmospheres to 1/2
atmospheres), before the  plastic-deformation film 4
hardens. [0008]The air inside of each of the recesses
2 expands due to depressurization of the inside of the
vacuum container, and is thereby lead out from the
opening 3 toward the plastic-deformation film 4.
Referring to FIG. IC, each portion of the
plastic-deformation film 4 corresponding to the
opering 3 is expanded and extended by expanding
pressure of the air existing in the recess 2. Thereby,
the plastic-deformation film 4 is deformed to a
structure having a plurality of hollow parts 5a.
[0009]A liquid component within the plastic-deformable
material, structuring the structure having the hollow
parts 5a, vaporizes under the depressurized
environmental condition. As a result, an expanded body
is hardened to form the hollow structure 5 having the
plurality of hollow parts 5a, FIG. ID illustrates the
hollow structure 5 detached from the hollow structure
loaning substrate I.          Referring to FIG. IB,
however, there may be a possibility, in the technology
described in Japanese patent publication No.
2007-98930, that a part of the plastic-deformable
material infiltrates from the opening 3 into the
recess h, by which the recess 2 in which the part of
the plastic-deformable material is infiltrated and the
recess 2 without the infiltration of the part of the
plastic-deformable material are generated. Since an
amount of air or gas sealed differs in the recess 2
with the infiltration and in the recess 2 without the
infiltration, the expanding pressure of the gas under
the depressurized environmental condition also becomes
different Consequently, there are likely that
variation in the volume of the hollow parts 5a is
generated, and that film-thickness of partition walls
5b dividing the respective hollow parts 5a, and also
film-thickness of surface layer films Sc become
uneven. [0011]In order to avoid the infiltration of
the plastic-deformable material into the recesses 2, a
size of each of the openings 3 may be set small.
However,  thickness of an opening peripheral wall part
3a structuring the opening 3 becomes thinner as the
size of the opening 3 is set smaller. Hence, the
strength of the opening peripheral wall part 3a
becomes weaker. [0012]Accordingly, there may be a
possibility that a crack, breaking or the 



like in parts of the opening peripheral wall parts 3a
is generated while the hollow structure forming
substrate 1 is used to form the hollow structure 5
many times, thereby reducing use-efficiency of the
hollow structure forming substrate 1.  [0013] At least
one objective of the present invention is to provide a
hollow structure forming substrate, a method of
producing the hollow structure forming substrate, and
a method of producing a hollow structure using the
hollow structure forming substrate, capable of
increasing strength of an opening peripheral wall part
which structures an opening that leads out gas stored
in a gas-retaining space toward outside of the
gas-retaining space, and capable of uniformizing
volume of respective hollow parts and uniformizing
film-thickness of parts partitioning the respective
hollow parts of the hollow structure. [0014]To achieve
these and other advantages and in accordance with the
purpose of the invention, as embodied and broadly
described herein, the invention provides a hollow
structure forming substrate, comprising: a surface on
which a plastic-deformation film is formed by using a
plastic-deformable material; a plurality of
regularly-arranged gas-retaining spaces each retaining
gas therein; a plurality of gas leading-out parts each
having a first opening which faces corresponding one
of the gas-retaining spaces and a second opening which
faces the surface, the gas leading-out parts leading
out the gas retained in the gas-retaining spaces
toward the surface under depressurized environmental
condition; and a plurality of infiltration preventing
spaces each provided in a space between corresponding
one of the first openings and corresponding one of the
second openings, the infiltration preventing spaces
preventing infiltration of the  plastic-deformable
material from the surface into the gas-retaining
spaces, wherein the plastic-deformation film is
deformed and expanded ou die surface by expanding
pressure of the gas led-out from the gas-retaining
spaces to the gas leading-out parts through the
infiltration preventing spaces so as to form a hollow
structure having regularly-arranged hollow parts.
[0015]Advantageously, each of the gas leading-out
parts includes a cylindrical opening, and wherein each
of the gas-retaining spaces includes a cylindrical
recess or a quadrangular cylindrical recess,
[0016]Advantageously, each of the gas leading-out
parts includes a cylindrical opening, and wherein each
of the gas-retaining spaces includes a hexagonal
cylindrical recess. [0017]Advantageously, the
gas-retaining spaces forms a hexagonal close-packed
structure. [0018]Advantageously, the surface includes
hexagonal annular contour parts 



having the cylindrical openings in the center thereof,
respectively. [0019]Advantageously, each of the
annular contour parts includes anWar projection.
[0020]Advantageously, the surface surrounded by each
of the annular contour parts is processed with a
water-repellent process, and wherein each of the
annular contour parts has a hydrophilic property.
[0021]Advantageously, each of the annular contour
parts includes a tit metal film. [0022]Advantageously,
a diameter of each of the cylindrical openings is
between 5pm and 90pm, preferably between 5p.m and
50pm, and most preferably between 5pm and 30tim
[0023]Advantageously, each of the gas leading-out
parts has volume which is possible to ignore volume of
each of the gas-retaining spaces.  WO
2008/093543PCT/JP2008/050560 



[0024]Advantageously, the hollow structure forming
substrate further comprises: a plurality of recesses
each having a circular-arc configuration in
cross-section, and each including corresponding one of
the cylindrical openings in a central bottom part
thereof; and a plurality of partition walls
partitioning each of the adjoining circular-arc
recesses, and each having a hexagonal configuration.
[0025] In addition, the invention also provides a
method of producing a hollow structure forming
substrate, the method comprising: forming a resist
thin-film on one surface of a metal substrate; forming
cylindrical exposed portions, which correspond to
cylindrical openings, by exposing the resist thin-film
according to a regular pattern and by removing
unexposed portions of the resist thin-film from the
one surface; forming a metal thin-film having
regularly-arranged cylindrical recesses, which
correspond to the cylindrical openings, and on which a
plastic-deformation film is formed, by forming a metal
thin-film on the one surface, in which the cylindrical
exposed portions are used as a mask, and by removing
the cylindrical exposed portions; forming a resist
thick-film on one surface of the metal thin-film in
such a manner as to bury the cylindrical recesses;
forming polygonal cylindrical exposed portions by
exposing the resist thick-film according to a regular
pattern and by removing unexposed portions of the
resist-thick film from the one surface of the metal
thin-film, wherein the unexposed portions of the
resist-thick film correspond to partition wall forming
recesses for forming partition walls of
regularly-arranged gas-retaining spaces, and wherein
the gas-retaining spaces having the cylindrical
openings in the center thereof; respectively; forming
a metal thick-film in the partition wall forming
recesses, in such a manner that the metal thick-film
is integrated with the metal thin-film and that the
polygonal cylindrical exposed portions are not buried
thereby; detaching a structure, which includes the
metal thin-film, the metal thick-film and the
polygonal cylindrical exposed portions,  from the
metal substrate; and forming the hollow structure
forming substrate by removing the polygonal
cylindrical exposed portions, wherein the hollow
structure forming substrate includes a surface on
which the plastic-deformation film is fon ed, the
regularly-arranged gas-retaining spaces each retaining
gas therein, and a plurality of gas leading-out parts
each having a first opening which faces corresponding
one of the gas-retaining spaces and a second opening
which faces the surface, and the gas leading-out parts
lead out the gas retained in the gas-retaining spaces
toward the surface under depressurized environmental
condition. [0026]Advantageously, the method further
comprises: forming hexagonal annular grooves on the
one sirface of the metal substrate before the resist
thin-film is formed on the one surface of the metal
substrate, wherein the hexagonal annular grooves form
regularly-arranged hexagonal annular projections
having the cylindrical openings in the center thereof,
respectively; [0027]Advantageously, the method further
comprises: forming a hydrophilic titanium film on the
surface; and forming a water-repellent film on the
surface excluding the hydrophilic titanium film.
[0028]Moreover, the invention provides a method of
producing a hollow structure, the method comprising:
preparing a hollow structure forming substrate,
including: a surface on which a plastic-deformation
film is formed by using a plastic-deformable material;
a plurality of regularly-arranged gas-retaining spaces
each retaining gas therein; a plurality of gas
leading-out parts each having a first opening which
faces corresponding one of the gas-retaining spaces
and a second opening which faces the surface, the gas
leading-out parts leading out the gas retained in the
gas-retaining spaces toward the surface under
depressurized environmental condition; and a plurality
of infiltration preventing spaces each provided in a
space between corresponding one of the first openings
and  corresponding one of the second openings, the
infiltration preventing spaces preventing infiltration
of the plastic-deformable material from the surface
into the gas-retaining spaces; forming the
plastic-deformation film by coating the
plastic-deformable material on the surface of the
hollow structure forming substrate; setting the hollow
structure forming substrate, on which the
plastic-deformation film is formed, under the
depressurized environmental condition; and forming the
hollow structure having regularly-arranged hollow
parts by expanding the gas retained in each of the gas
retaining spaces so as to deform and expand the
plastic-deformation film with expanding pressure of
the gas. [0029]It is to be understood that both the
foregoing general description and 



the following detailed description are exemplary, and
are intended to provide further explanation of the
invention as claimed. BRIEF DESCRIPTION OF THE
DRAWINGS [0030]The accompanying drawings are included
to provide a further understanding of the invention,
and are incorporated in and constitute a part of this
description. The drawings illustrate embodiments of
the invention and, together with the description,
serve to explain the principles of the invention.
[0031]FIG. IA is a vertical-sectional explanatory view
illustrating a method of producing a hollow structure
by using a conventional hollow structure forming
substrate, in which the conventional hollow structure
forming substrate is illustrated. [0032]FIG. 1B is a
vertical-sectional explanatory view illustrating the
method of producing the hollow structure by using the
conventional hollow structure forming substrate, in
which a state that a plastic-deformation film is
formed on a surface of the hollow structure forming
substrate illustrated in FIG 1 A is  illustrated.
[0033]FIG. 1C is a vertical-sectional explanatory view
illustrating the method 



of producing the hollow structure by using the
conventional hollow structure forming substrate, in
which a state that the hollow structure is formed by
expanding gas in recesses under the depressurized
condition is illustrated. [0034]FIG. ID is a
vertical-sectional explanatory view illustrating the
method of producing the hollow structure by using the
conventional hollow structure forming substrate, in
which the hollow structure formed is illustrated.
[0035]FIG. 2A is a cross-sectional explanatory view
illustrating a method of producing a hollow structure
forming substrate according to a first embodiment of
the present invention, in which a state that a resist
film is formed on a metal substrate is illustrated.
[0036]FIG. 2B is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the first
embodiment of the present invention, in which the
metal substrate farmed with cylindrical resist bodies
is illustrated. [0037]FIG 2C is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the first embodiment of the present invention, hi h
the metal substrate formed with a nickel ekctroforming
film is illustrated. [0038]FIG. 2D is a
cross-sectional explanatory view illustrating the
method of producing the hollow stricture forming
substrate according to the first embodiment of the
present invention, in which the metal substrate formed
with cylindrical recesses is illustrated. [0039]FIG.
2E is a crossseetional explanatory view illustrating
the method of producing the hollow structure forming
substrate according to the first 



embodiment of the present invention, in which the
metal substrate formed with a  resist film, formed in
such a manner as to fill in the cylindrical recesses
of the nickel electroforming film, is illustrated.
[0040]FIG. 2F is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the first
embodiment of the present invention, in which the
metal substrate, wherein quadrangular cylindrical
resist bodies and lattice-like grooves are formed, is
illustrated. [0041]FIG. 2G is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the first embodiment of the present invention, in
which the metal substrate, wherein a nickel
electroforming film is formed in the lattice-like
grooves, is illustrated. [0042]FIG. 2H is a
cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the first embodiment of the
present invention, in which a state that a structure,
including the nickel electroforming film and the
quadrangular cylindrical resist bodies, is separated
from the metal substrate is illustrated. [0043]FIG 21
is a cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the first embodiment of the
present invention, in which the metal substrate,
wherein the quadrangular cylindrical resist bodies are
removed, is illustrated. [0044]FIG. 2J is a
cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the first embodiment of the
present invention, in which the hollow structure
forming substrate, with an adhesive sheet attached to
a back surface thereof, as a finished product is
illustrated. 



[0045]FIG. 31s a plan view illustrating a state in
which circular regions of the resist film illustrated
in FIG. 2A are subjected to exposure.  WO
2008/093543PC174P20081050560 [0046]FIG. 4 is a plan
view illustrating a state in which quadrangular
regions of the resist film illustrated in FIG. 2E are
subjected to exposure. [00471FIG. SA is an explanatory
plan view illustrating a configuration of the hollow
structure forming substrate according to the first
embodiment, in which a state that the hollow structure
forming substrate illustrated in FIG. 21 is seen from
a front surface thereof is illustrated. [0048]FIG. 5B
is an explanatory plan view illustrating a
configuration of the hollow structure forming
substrate according to the first embodiment, in which
a state that the hollow structure forming substrate
illustrated in FIG. 21 is seen from the back surface
thereof is illustrated. [0049]FIG: 6 is a
cross-sectional view illustrating a state in which a
plastic-deformation film is formed on the surface of
the hollow structure forming substrate illustrated in
FIG 21. [0050]FIG. 7A is an explanatory view for
producing a hollow structure by 



using the hollow structure forming substrate formed
with the plastic-deformation film illustrated in FIG.
6, in which a state that the hollow structure forming
substrate is set in a vacuum container is illustrated.
[0051]FIG. 73 is a vertical-sectional explanatory view
for producing the hollow structure by using the hollow
structure forming substrate formed with the
plastic-deformation film illustrated in FIG. 6, in
which a process of expansion and extension of the
plastic-deformation film illustrated in FIG. 7A is
illustrated. [0052]FIG. 7C is a vertical-sectional
explanatory view for producing the hollow structure by
using the hollow structure forming substrate formed
with the plastic-deformation film illustrated in FIG.
6, in which the hollow structure produced through the
process illustrated in FIG. 713 is illustrated.
[0053]FIG. SA is a cross-sectional explanatory view
illustrating a method of producing a hollow structure
forming substrate according to a second embodiment  of
the present invention, in which a state that a resist
film is formed on a metal substrate is illustrated.
[0054]FIG. 8F3 is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the second
embodiment of the present invention, in which the
metal substrate formed with the resist films having a
cubic close-packed structure is illustrated.
[0055]FIG. 8C is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the second
embodiment of the present invention, in which the
metal substrate formed with annular grooves is
illustrated. [0056]FIG. 8D is a cross-sectional
explanatory view illustrating the method 



of producing the hollow structure forming substrate
according to the second embodiment of the present
invention, in which the metal substrate, wherein the
resist films illustrated in FIG. 8C are removed, is
illustrated. [0057]FIG. 8E is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the second embodiment of the present invention, in
which a state that the metal substrate illustrated in
FIG. 8D is formed with a resist film is illustrated.
[0058]FIG. 8F is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the second
embodiment of the present invention, in which the
metal substrate formed with cylindrical resist bodies
is illustrated. [0059]FIG. 8G is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the second embodiment of the present invention, in
which the metal substrate formed with a nickel
electroforming film is illustrated. [0060]FIG. 8H is a
cross-sectional explanatory view illustrating the
method  of producing the hollow structure forming
substrate according to the second embodiment of the
present invention, in which the metal substrate formed
with cylindrical recesses is illustrated. [0061]FIG.
81 is a cross-sectional explanatory view illustrating
the method of producing the hollow structure forming
substrate according to the second embodiment of the
present invention, in which the metal substrate formed
with a resist film, formed in such a manner as to fill
in the cylindrical recesses of the nickel
electroforming film, is illustrated. [0062]FIG. 8J is
a cross-sectional explanatory view illustratingmethod
of 



producing the hollow structure forming substrate
according to the second embodiment of the present
invention, in which the metal substrate, wherein
hexagonal cylindrical resist bodies and hexagonal
cylindrical grooves are formed, is illustrated.
[0063]FIG. 8K is a cross-sectional
explanatoryillustrating the method of producing the
hollow structure forming substrate according to the
second embodiment of the present invention, in which
the metal substrate, wherein a nickel electroforming
film is formed in the hexagonal cylindrical grooves,
is illustrated. [0064]FIG. 81. is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the second embodiment of the present invention, in
which a state that a structure, including the nickel
electroforming film and- the hexagonal cylindrical
resist bodies, is separated from the metal substrate
and the hexagonal Cylindrical resist bodies are
removed is illustrated, [0065]FIG. 8M is a
cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the second embodiment of the
present invention, in which the hollow structure
forming  substrate, with an adhesive sheet attached to
a back surface thereof, as a finished product is
illustrated. [0066]FIG. 9 is a plan view illustrating
a state in which hexagonal regions of the resist film
illustrated in FIG. 8A are subjected to exposure.
[0067]FIG. 10 is a plan view illustrating a state in
which circular regions of 



the resist film illustrated in FIG. SE are subjected
to exposure. [0068]FIG. 11 is a plan view illustrating
a state in which hexagonal regions of the resist film
illustrated in FIG. 8I are subjected to exposure.
[0069]FIG. 12A is an explanatory plan view
illustrating a configuration of the hollow structure
forming substrate according to the second embodiment,
in which a state that the hollow structure forming
substrate illustrated in FIG. SL is seen from a front
surface thereof is illustrated. [0070]FIG. 12B is an
explanatory plan view illustrating a configuration of
the hollow structure forming substrate according to
the second embodiment, in which a state that the
hollow structure forming substrate illustrated in FIG.
8L is seen from the back surface thereof is
illustrated. [0071]FIG. 13A is a vertical-sectional
explanatory view for producing a hollow structure by
using the hollow structure forming substrate
illustrated in FIG. 8M, in which a state that a
plastic-deformation film is formed on the hollow
structure forming substrate is illustrated. [0072]FIG.
13B is a vertical-sectional explanatory view for
producing the hollow structure by using the hollow
structure forming substrate illustrated in FIG. 8M, in
which a process of expansion and extension of the
plastic-deformation film illustrated in FIG 13A is
illustrated. [0073]FIG. 13C is a vertical-sectional
explanatory view for producing the hollow structure by
using the hollow structure forming substrate
illustrated in FIG. 



8M, in which the hollow structure produced through the
process illustrated in FIG.  13B is illustrated.
[0074]FIG. 14A is a cross-sectional explanatory view
illustrating a method of producing a hollow structure
forming substrate according to a third embodiment of
the present invention, in which a state that a resist
film is formed on a metal substrate is illustrated.
[0075]FIG. 14E is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the third
embodiment of the present invention, in which the
metal substrate having cylindrical spaces is
illustrated. [0076]FIG. 14C is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the third embodiment of the present invention, in
which the metal substrate, wherein a nickel film is
formed on the cylindrical spaces, is illustrated.
[0077]FIG 14D is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the third
embodiment of the present invention, in which the
metal substrate, wherein an oxide film is follued on
the nickel film illustrated in no. 14C, is
illustrated. [0078]FIG. 14E is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the third embodiment of the present invention, in
which a state that a resist flini is formed on the
metal substrate illustrated in FIG. I4D is
illustrated. 



[0079]FIG. 14F is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the third
embodiment of the present invention, in which the
metal substrate, wherein cylindrical resist bodies are
formed on top parts of the oxide film, is illustrated.
[0080]FIG. 140 is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the third
embodiment of the present invention, in which the
metal substrate, wherein a nickel electroforming film
is formed on the oxide film illustrated in FIG. 14F,
is illustrated. [0081]FIG. 1411 is a cross-sectional
explanatory view illustrating the method of producing
the hollow structure forming substrate according to
the third embodiment of the present invention, in
which the metal substrate, wherein the cylindrical
resist bodies illustrated in FIG. 14G are removed to
form cylindrical recesses, is illustrated. [0082]FIG.
141 is a cross-sectional explanatory view illustrating
the method of producing the hollow structure forming
substrate according to the third embodiment of the
present invention, in which the metal substrate formed
with a resist film, formed in such a manner as to fill
in the cylindrical recesses of the nickel
electroforming film, is illustrated. [0083]FIG. 14J is
a cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the third embodiment of the
present invention, in which the metal substrate,
wherein hexagonal cylindrical resist bodies and
hexagonal cylindrical grooves are formed, is
illustrated. [0084]FIG. 14K is a cross-sectional
explanatory view illustrating the method 



of producing the hollow structure forming substrate
according to the third embodiment of the present
invention, in which the metal substrate, wherein a
nickel electroforming film is formed in the hexagonal
cylindrical grooves, is illustrated. [0085]FIG. 14L is
a cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the third embodiment of the
present invention, in which a state that a structure,
including the nickel electroforming film and the
hexagonal cylindrical resist bodies, is  separated
from the oxide film and the hexagonal cylindrical
resist bodies are removed is illustrated. [0086]FIG.
14M is a cross-sectional explanatory view illustrating
the method of producing the hollow structure forming
substrate according to the third embodiment of the
present invention, in which the hollow structure
forming substrate, with an adhesive sheet attached to
a back surface thereof, as a finished product is
illustrated. [0087]FIG. 15 is a plan view illustrating
a state in which portions of the resist film excluding
circular regions of the resist film illustrated in
FIG. 14A are subjected to exposure. [0088]FIG 16 is a
plan view illustrating a state in which circular
regions of the resist m illustrated in FIG. 14E are
subjected to exposure. 



[0089]FIG. 17 is a plan view illustrating a state in
which circular regions of the resist film illustrated
in FIG. 141 are subjected to exposure. [0090]FIG. 18A
is an explanatory plan view illustrating a
configuration of the hollow structure forming
substrate according to the third embodiment, in which
a state that the hollow structure forming substrate
illustrated in FIG. 141: is seen from a front surface
thereof is illustrated. (0091]FIG. 188 is an
explanatory plan view illustrating a configuration of
the hollow structure forming substrate according to
the third embodiment, in which a state that the hollow
structure forming substrate illustrated in FIG. 14L is
seen from the back surface thereof is illustrated.
[0092]FIG. 19A is a vertical-sectional explanatory
view for producing a hollow structure by using the
hollow structure forming substrate illustrated in FIG.
14M, in which a state that a plastic-deformation film
is foimed on the hollow structure forming substrate is
illustrated. [0093]FIG. 19B is a vertical-sectional
explanatory view for producing the  WO
20081093543PCT/JP2008/050560 hollow structure by using
the hollow structure forming substrate illustrated in
FIG. 14M, in which a process of expansion and
extension of the plastic-deformation film illustrated
in FIG. 19A is illustrated. [0094]FIG. 19C is a
vertical-sectional explanatory view for producing the 



hollow structure by using the hollow structure forming
substrate illustrated in FIG. 14M, in which the hollow
structure produced through the process illustrated in
FIG 19B is illustrated. [0095]FIG 20A is a
cross-sectional explanatory view illustrating a method
of producing a hollow structure forming substrate
according to a fourth embodiment of the present
invention, in which a state that a dry film resist is
formed on a surface of the hollow structure forming
substrate is illustrated. [0096]FIG. 20B is a
cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the fourth embodiment of the
present invention, in which the dry film resist formed
with annular grooves is illustrated. [0097]FIG. 20C is
a cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the fourth embodiment of the
present invention, in which a state that a titanium
oxide film is formed on an upper surface of the dry
film resist by sputtering is illustrated. [0098]FIG.
20D is a cross-sectional explanatory view illustrating
the method of producing the hollow structure forming
substrate according to the fourth embodiment of the
present invention, in which the hollow structure
forming substrate, wherein the dry film resist is
removed to form the titanium oxide films having a
hexagonal close-packed structure, is illustrated.
[0099]FIG. 20E is a cross-sectional explanatory view
illustrating the method of producing the hollow
structure forming substrate according to the fourth
embodiment of the present invention, in which a state
that a water-repellent film is  



formed on a surface of the hollow structure forming
substrate is illustrated. [0100]FIG. 20F is a
cross-sectional explanatory view illustrating the
method of producing the hollow structure forming
substrate according to the fourth embodiment of the
present invention, in which a state that an adhesive
sheet is attached to a back surface of the hollow
structure forming substrate is illustrated. [0101]FIG.
21 is El plan view illustrating a state in which
hexagonal regions illustrated in FIG. 20A are
subjected to exposure. [01021FIG. 22A is a
vertical-sectional explanatory view for producing a
hollow structure by using the hollow structure forming
substrate illustrated in FIG. 20F, in which a state
that a plastic-deformation film is formed on the
hollow structure forming substrate is illustrated.
[0103]FIG. 22B is a vertical-sectional explanatory
view for producing the hollow structure by using the
hollow structure forming substrate illustrated in FIG.
20M, in which a process of expansion and extension of
the plastic-defotwation film illustrated in FIG. 22A
is illustrated. [0104]FIG; 22C is a vertical-sectional
explanatory view for producing the hollow structure by
using the hollow structure forming substrate
illustrated in FIG. 20M, in which the hollow stricture
produced through the process illustrated in FIG. 22B
is illustrated. DESCRIPTION OF NUMERALS [0105] 



21Quadrangular cylindrical recess (gas-retaining pace)
Cylindrical opening (gas leading-out part) 22b
Openings 22c Infiltration preventing space 23Hollow
structure forming substrate  23" Surface
24Plastic-deformation film BEST MODE FOR CARRYING OUT
THE INVENTION [0106]Reference will now be made in
detail to the present preferred embodiments of the
present invention, examples of which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and
the description to refer to the same or like parts.
The scope of the present invention, however, is not
limited to these embodiments. Within the scope of the
present invention, any structure and material
described below can be appropriately modified.
[0107]FIG. 2A to FIG. 21 illustrate a method of
producing a hollow structure forming substrate
according to a first embodiment of the present
invention. 



[0108]Referring to FIG. 2A, first, a resist thin-film
11 is formed on a metal substrate 10 all over the one
surface of the metal substrate 10, preferably through
a spin coating method. The metal substrate 10
preferably includes a nickel material, and a
film-thickness of the resist thin-film 11 is
preferably from about 20pm to about 30pm. In the
present embodiment, "SU-8" available from MicroChem
Corporation is used for a resist, although it is not
limited thereto. [0109]Then, referring to FIG. 3,
circular regions 12, arranged in a square lattice-like
configuration, are subjected to exposure, and
unexposed portions 13 of the resist thin-film 11 are
removed by a development process. Thereby, as
illustrated in FIG. 2B, cylindrical resist bodies 14
as cylindrical exposed portions, which are arranged
regularly on the metal substrate 10, are formed on the
metal substrate 10. In the present embodiment, the
cylindrical resist bodies 14 are aligned in a square
lattice-like configuration. A diameter dO of each of
the cylindrical resist bodies 14 is preferably about
15 p.m, and a pitch p0 between the  adjacent
cylindrical resist bodies 14 is preferably about
150um. The cylindrical resist body 14 becomes or
corresponds to an inside diameter of a cylindrical
opening as a gas leading-out part, which will be
described later in detail. [0110]Next, as illustrated
in FIG, 2C, a nickel electroforming film 15 as a metal
thin-film for example is formed through a nickel
electroforming method, in which the cylindrical resist
bodies 14 are used as a mask. A film-thickness of the
nickel eleetroforrning film 15 is preferably set to
the extent that cylindrical resist bodies 14 are not
buried by the nickel electroforming film 15 through
the nickel electroforming. In the present embodiment,
the film-thickness of the nickel electroforming film
15 is set at about 15um, although it is not limited
thereto. f.0111]Next, the metal substrate 10 is
washed, and thereafter, the cylindrical resist bodies
14 are removed. Thereby, as illustrated in FIG. 213,
the metal substrate 10 in which regularly-arranged
cylindrical recesses 16, which correspond to the
cylindrical openings, are formed on the nickel
electroforming film 15, is obtained. [0112]Then, as
illustrated in FIG. 2E, a resist thick-film 17 is
formed in such a manner as to bury the cylindrical
recesses 16. In the present embodiment, a
film-thickness of the resist thick-film 17 is
preferably from about 50pm to about 60um.
Subsequently, as illustrated in FIG. 4,
regularly-arranged quadrangular regions 18 are
exposed. The quadrangular regions 18 become or
correspond to quadrangular cylindrical exposed
portions for forming later-described quadrangular
cylindrical recesses, and portions of the resist
thick-film 17 excluding the quadrangular regions 18
become or correspond to unexposed portions 18' for
forming later-described lattice-like grooves. [0113]An
intersecting point of diagonal lines of the
quadrangular region 18 



and the center of the cylindrical resist body 14 are
set to coincide with each other. In the present
embodiment, a length of a side of the quadrangular
region 18 is  about 60p.m, although it is not limited
thereto. [0114]Then, the unexposed portions 18' of the
resist thick-film 17 are removed by a development
process. Thereby, as illustrated in FIG. 2F,
regularly-arranged quadrangular cylindrical resist
bodies 19 are formed. A space between the quadrangular
cylindrical resist bodies becomes or corresponds to
the lattice-like groove 19a as a recess for forming a
partition wall of a gas-retaining space.
[0115]Subsequently, as illustrated in FIG. 20, by
using the quadrangular cylindrical resist bodies 19 as
a mask, a nickel electroforming film 20 as a metal
thick-film for example is formed in the lattice-like
grooves 19a through a nickel eleetroforming method. A
film-thickness of the nickel electroforming film 20 is
set to the extent that the quadrangular cylindrical
resist bodies 19 are not buried by the nickel
electroforming film 20 through the nickel
electroforming. In the present embodiment, the
film-thickness of the nickel electroforming film 20 is
set at about 40pm, although it is not limited thereto.
It is to be noted that the nickel electroforming film
20 is integrated with the nickel electroforming film
15. [0116]Next, as illustrated in FIG. 2H, a structure
including the nickel electroforraing film 20, the
nickel electroforming film 15, and the quadrangular
cylindrical resist bodies 19 is detached from the
metal substrate 10 by a suitable known method.
[0117]Subsequently, the quadrangular cylindrical
resist bodies 19 are removed. Thereby, the hollow
structure fowling substrate 23 illustrated in FIG. 21
is obtained. The hollow structure forming substrate 23
thus obtained has the quadrangular cylindrical
recesses 21 and the cylindrical openings 22. [0118]As
illustrated in FIG. 5A, the hollow structure forming
substrate 23 is 



formed with the cylindrical openings 22 each of which
is formed on a side of a front surface of the hollow
structure forming substrate 23 at a predetermined
pitch.  In addition, as illustrated in FIG. 5B, each
the quadrangular cylindrical recesses 21, which are
surrounded by lattice-like partition walls 23', is
formed on a side of a back surface of the hollow
structure forming substrate 23 at a predetermined
pitch. A back surface of the nickel electroforming
film 20 is sealed by, for example but not limited to,
an adhesive sheet 22'. [0119]Each of the quadrangular
cylindrical recesses 21 functions as the gas-retaining
space for retaining gas or air, whereas each of the
cylindrical openings 22 function as the gas
leading-out part which leads out the gas retained
inside of the quadrangular cylindrical recess 21
toward outside of the quadrangular cylindrical recess
21.          The cylindrical opening 22 has an opening
22a which is open toward the quadrangular cylindrical
recess 21, and an opening 22b which is open toward the
surface of the hollow structure forming substrate 23.
A space. between the opening 22a and the opening 22b
becomes or corresponds to an infiltration preventing
space 22c which blocks or intercepts infiltration of a
later-described plastic-deformable material into the
quadrangular cylindrical recess 21, As will be
described later in detail, the surface 23" of the
hollow structure forming substrate 23 is formed with a
plastic-deformation film [0121]Now, a method of
forming or producing a hollow structure by using the
hollow structure forming substrate 23 will be
described with reference to FIG. 6.  [0122] Referring
to FIG. 6, first, the plastic-deformable material is
used to form the plastic-deformation film 24 on the
surface 23" of the hollow structure forming substrate
23. The plastic-deformable material includes a
water-soluble ultraviolet curing resin having a
surfactant. Also, a water-soluble resin can be used
for the plastic-deformable material. The water-soluble
resin may includes, for example, polyurethane,
gelatin, polyvinyl alcohol, or other suitable
water-soluble resins. In addition, the formation of
the plastic-deformation film  24 utilizes a
film-forming device, such as a spin-coater, a
slit-coater, or other suitable devices. [0123]When the
plastic-deformation film 24 is formed, a part of the
plastic-deformable material fries to infiltrate from
the cylindrical opening 22 toward the quadrangular
cylindrical recess 21. However, since the diameter dO
of the opening 22a and the opening 226 is small, i.e.,
about 3012m in the present embodiment, and also since
the infiltration preventing space 22c is present
between the opening 22a and the 22b, the infiltration
of the material into the quadrangular cylindrical
recess 21 is prevented. [0124]The volume V1 of the
infiltration preventing space 22c can be defmed 



as follows. VI = Mit x d02 / 4 where 112 is a length
of the infiltration preventing space 22c. [0125]In
addition, the volume V2 of the quadrangular
cylindrical recess 21 can be defined as follows. V2 =
h2 x xt xYi        where h2 is a depth of the
quadrangular cylindrical recess 21, and x1 and yi are
length of respective sides of the quadrangular
cylindrical recess 21. [0126]Therefore, even when the
plastic-deformable material has entered the
infiltration preventing space 22c, it is possible to
ignore a difference in expanding pressure caused by a
variation in an amount of expansion of the gas in each
of the quadrangular cylindrical recesses 21, since the
volume V2 is larger than the volume V1 to the extent
that the volume V2 can ignore the volume V.1. [01271It
is to be noted that the infiltration of the
plastic-deformable material into the quadrangular
cylindrical recess 21 is difficult to occur when the
diameter dO of the opening 22a and the opening 22b is
equal to or less than 30p.m, in accordance with the
present embodiment of the invention. This is supported
by a  following experiment. 



[0128]The experiment was performed by, first,
preparing the plural hollow structure forming
substrates 23 in which the diameters of the openings
22a and 22b are 10m, 30am, 50prn, 70am, and 901.tm,
respectively. In addition, a liquid material as the
water-soluble ultraviolet curing resin having the
surfactant, hi which fluorine-based surfactant of
"Novee (Registered Trademark) Fe-4430" available from
3M Company was added to alkoxyacrylate of "PEG400DA"
available from Daicel-Cytec Company, Ltd,, was used
for the plastic-deformable material. Also, a liquid
material as the Water-soluble ultraviolet curing resin
having the surfactant, in which the fluorine-based
surfactant of "Novec (Registered Trademark) FC-4430"
available from 3M Company was added to epoxy acrylate
of "AQ9" available from Arakawa Chemical Industries,
Ltd., was used for the plastic-deformable material.
[01291These plastic-deformable materials were coated
with a spin-coating method on the hollow structure
forming substrates 23 including the openings 22a and
22b baying the diameter dO, to form the
plastic-deformation films 24. [0130]The infiltration
of the liquid materials into the quadrangular
cylindrical recesses 21 was not found for the hollow
structure forming substrates 23 including the openings
22a and 22b having the diameters dO of equal to or
less than 50pm. when the liquid materials described
above were used for the plastic-deformable material.
[0131]Next, a liquid material including "Hydran
(Registered Trademark) WLS-201", available from
Dainippon Ink and Chemicals Incorporated, as the
polyurethane was prepared for the water-soluble resin.
Also, a powder material including "MC-243", available
from. Jellice Co., Ltd., as the gelatin was prepared
for the water-soluble resin. Moreover, as the
polyvinyl alcohol, a powder material including "Foval
(Registered Trademark) PVA117", available from
Kuraray Co., Ltd., was prepared for the water-soluble
resin. The gelatin and the polyvinyl alcohol are
dissolved by adding water with a proportion in which a
lower limit of viscosity, capable of forming a film by
a spin-coating method, is obtained, respectively.
[0132]These water-soluble resins were used as the
plastic-deformable materials to be coated with a
spin-coating method on the hollow structure forming
substrates 23, including the openings 22a and 22b
having the diameter dO, so as to form the
plastic-deformation films 24 



[0133]In the case of the polyurethane, the
infiltration of the liquid material into the
quadrangular cylindrical recesses 21 was not found for
the hollow structure forming substrates 23 including
the openings 22a and 22b having the diameters dO of
equal to or less than 70uni [0134]In the cases of the
plastic-deformable materials utilizing the gelatin and
the polyvinyl alcohol having the lower limit of the
viscosity in which the formation of the film is
possible, the infiltration of the liquid materials
into the quadrangular cylindrical recesses 21 was not
found for the hollow structure forming substrates 23
including the openings 22a and 22b having the
diameters dO of equal to or less than 30um,
respectively. [0135]In addition, in the cases of the
plastic-deformable materials utilizing the gelatin and
the polyvinyl alcohol having high viscosity required
for the formation of the hollow structure having a
desired filrn-thicicness, the infiltration of the
liquid materials into the quadrangular cylindrical
recesses 21 was not found for the hollow structure
forming substrates 23 including the openings 22a and
22b having the diameters dO of equal to or less than
90um, respectively. [0136]From the results of the
experiment described above, it can be considered that
the hollow structure forming substrate 23, in which
the diameter dO of the openings 22a and 22b is equal
to or less than 30pm, is possible to ensure
prevention of the infiltration of the
plastic-deformable material into the quadrangular
cylindrical recesses 21, in prospect of safety.
[0137]This consideration is based on a view that an
influence of surface tension of the
plastic-deformation material becomes more dominant
than an influence of gravity in the opening 22a in
which the diameter dO thereof is equal to or less than
30p.m. Meanwhile, it is preferable that the diameter
dO of the openings 22a and 22b be equal to or more
than 51.tin, in consideration of velocity of ejection
of the gas. 



[0138]In the present first embodiment of the
invention, a liquid material including "Hydran
(Registered Trademark) WLS-201", available from
Dainippon Ink and Chemicals Incorporated, as the
polyurethane is coated on the surface 23" of the
hollow structure forming substrate 23. The hollow
structure forming substrate 23 on which the liquid
material is coated is then set in the spin-coater
device. In the present embodiment, the hollow
structure forming substrate 23 is rotated in the
spin-coater device, for example, for 10 seconds with
the number of rotations of 1200rpm, although it is not
limited thereto, so as to thrra the
plastic-deformation film 24 on the surface 23" of the
hollow structure forming substrate 23. [0139]Referring
to FIG. ;A, then, the hollow structure forming
substrate 23, formed with the plasde-deformation film
24, is set in a vacuum container 25, and internal
pressure of the vacuum container 25 is depressurized
to about 100Kpa (1 atmosphere) to about 21(Pa, for
example. [0140]Thereby, the air or the gas in each of
the quadrangular cylindrical recesses 21 expands by
about 50 times, and thus the plastic-deformation film
24 expands and extends by the expanding pressure of
the gas, as illustrated in FIG. 713. [0141]Hence, the
hollow structure 25 having the regular hollow parts 24
(or  cells) is formed. A shape of each of the hollow
parts 24 becomes substantially uniform mutually, since
an amount of air retained in each of the quadrangular
cylindrical recesses 21 is substantially equal
mutually. Therefore, the hollow structure 25 having
the uniform hollow parts 24 is obtained.
[0142]Referring to FIG. 7C, the hollow structure 25
thus obtained is detached from the hollow structure
forming substrate 23. The hollow structure 25 is
utilized, for example but limited to, for an
electrophoretic display in which a solvent, wherein
charged coloring matter particles or charged coloring
particles are dispersed, is filled in the hollow parts
24. [0143]In the present first embodiment, the hollow
structure 25, in which a length of a side of the
hollow part 24 is about 130:m, in which a depth of the
hollow part 24 is about 601.im, in which a
wall-thickness of a partition wall 24a of the hollow
part 24 (or the cell) is about 101.im, and in which an
opening diameter of an opening 24b of the hollow part
24 is about 301.im to about 401.un, for example, is
obtained. 



[0144]According to the hollow structure forming
substrate 23 of the present first embodiment, since
each of the cylindrical openings 22 has the
predetermined thickness, deterioration, damage and so
forth of the hollow structure forming substrate 23, in
particular the cylindrical openings 22, are small even
when the hollow structure forming substrate 23 is
repeatedly used. [0145]Now, a second embodiment of the
present invention will be described with reference to
FIGs. 8A to 8M. Note that elements or parts of the
present embodiment same as or similar to those
described in the above embodiment are attached with
the same reference numbers, and explanation thereto
will not be given in detail, for the sake of
convenience of explanation. [0146]Referring to FIG.
8A, first, the resist thin-film 11 is formed on the
metal substrate 10, preferably through the spin
coating method. In the present  embodiment, the metal
substrate 10 includes a copper material, and the
film-thickness of the resist film 11 is about him, for
example. In the present embodiment, "TEM:R-8900"
available from Tokyo Olika !Comm Co., Ltd., is used
for a resist, although it is not limited thereto.
[0147]Then, referring to FIG. 9, regularly-arranged
hexagonal regions 27 are exposed, and the resist film
11, in which unexposed portions 26 present rim parts,
is subjected to a development process to remove the
unexposed portions 26. Thereby, as illustrated in FIG.
8B, resist films 11', which are arranged to he a
hexagonal close-packed structure, are formed. In the
present embodiment, a width of the unexposed portion
26 (or the dm part) is about Sum, and a distance
between the centers of the mutually adjacent hexagonal
regions 27 is about 15011m, for example. [0148]Then,
as illustrated in FIG. 8C, an etching process, in
which the resist filmsof a cubic close-packed
structure are used as a mask, is performed to form
hexagonal annular grooves 28 which correspond to
shapes of the rim parts. A depth of the groove 28 is
about Sum, for example. The grooves 28 are used for
forming Annular projections as hexagonal annular
contour parts which will be described later in detail.



[0149]Thereafter, as illustrated in FIG. 8D, the
resist films 11' of the cubic close-packed structure
are removed to obtain the metal substrate 10 having
the grooves 28 of a honeycomb structure. [0150]Next,
as illustrated in FIG 8E, a resist thin-film 29 is
formed, preferably through a spin coating method. In
the present embodiment, a film-thickness of the resist
thin-film 29 is preferably from about 20Rn to about
30um, and "81.5-8" available from MicroChem
Corporation is used for a resist, although it is not
limited thereto. [0151]Then, referring to FIG. 10,
circular regions 30, positioned in the  centers of
regions surrounded by the regularly-arranged hexagonal
grooves 28, are exposed, and unexposed portions 31' of
the resist thin-film 29 are removed by a development
process. [0152]Thereby, as illustrated in FIG. 8F,
cylindrical resist bodies 31, which are arranged
regularly on the metal substrate 10, are formed on the
metal substrate 10. A diameter dO of each of the
cylindrical resist bodies 31 is preferably about 15pm,
and a pitch p0 between the adjacent cylindrical resist
bodies 31 is preferably about 150p.m. The cylindrical
resist body 31 becomes or corresponds to an inside
diameter of a gas leading-out part, which will be
described later in detail. [0153]Next, as illustrated
in FIG. 8G, a nickel electroforming film 32 as a metal
thin-film for example is formed through a nickel
electroforming method, in which the cylindrical resist
bodies 31 are used as a mask. A film-thickness of the
nickel electroforming film 32 is preferably set to the
extent that cylindrical resist bodies 31 are not
buried by the nickel electroforming film 32 through
the nickel electroforming. In the present embodiment,
the film-thickness of the nickel electroforming film
32 is set at about 15pm, although it is not limited
thereto. [0154]Next, the metal substrate 10 is washed,
and thereafter, the cylindrical resist bodies 31 are
removed. Thereby, as illustrated in FIG. 8H, the metal
substrate 10 having the nickel electroforming film 32,
in which regularly-arranged cylindrical recesses 33
are formed, is obtained. 



[0155]Then, as illustrated in FIG. 81, a resist
thick-film 34 is formed on the metal substrate 10. In
the present embodiment, a film-thickness of the resist
thick-film 34 is preferably from about 50pin to about
60pm. [0156]Subsequently, as illustrated in FIG. 11,
regularly-arranged hexagonal regions 35, which are
coaxial with the cylindrical recesses 33,
respectively, are exposed. In the present embodiment,
a length of a side of the hexagonal region  WO
200810935PCIAP20081050560 35 is about 70pm, although
it is not limited thereto. [0157]Then, unexposed
portions 35' of the resist hick-film 34, which
correspond to rim parts of the resist thick-film 34,
are removed by a development process. Thereby, as
illustrated in FIG. 8J, regularly-arranged hexagonal
cylindrical resist bodies 36 are fainted. A space
between the hexagonal cylindrical resist bodies 36
becomes or corresponds to hexagonal cylindrical
grooves 36. [0158]Subsequently, as illustrated in FIG.
8K, by using the hexagonal. cylindrical resist bodies
36 as a mask, a nickel electroforming film 37 as a
metal thick-film for example is formed through a
nickel electroforming method. A film-thickness of the
nickel electroforming film 37 is set to the extent
that the hexagonal cylindrical resist bodies 36 are
not buried by the nickel electrofonning film 37
through the nickel electroforming. In the present
embodiment, the film-thickness of the nickel
electroforraing film 37 is set at about 40um, although
it is not limited thereto. It is to be noted that the
nickel electroforming film P is integrated with the
nickel electrofoming film 32. [0159]Next, the nickel
electroforming film 37 is detached from the metal 



substrate 10 with a suitable known method. Thereafter,
the hexagonal cylindrical resist bodies 36 are
removed. Thereby, the hollow structure forming
substrate 23 illustrated in FIG. 81, is obtained.
[0160]As illustrated in FIG. 12A, the hollow structure
forming substrate 23 is formed with cylindrical
openings 39 and the hexagonal annular projections 40
on a side of a front surface of the hollow structure
forming substrate 23, in which each of the cylindrical
openings 39 is formed at a predetermined pitch, and
each of the hexagonal annular projections 40 protrudes
outwardly from the front surface. in addition, as
illustrated in FIG. 12B, hexagonal cylindrical
recesses 38. which are surrounded by hexagonal
partition walls 38', respectively, are formed on a
side of   a back surface of the hollow structure
forming substrate 23 at a predetermined pitch. As
illustrated in FIG 8M, a back surface of the hollow
structure forming substrate 23 is sealed by, for
example but not limited to, an adhesive sheet 22'.
[0161]Each of the hexagonal cylindrical recesses 38
functions as the gas-retaining space for retaining gas
or air, whereas each of the cylindrical openings 39
functions as the gas leading-out part which leads out
the gas retained inside of the hexagonal cylindrical
recess 37 toward outside of the hexagonal cylindrical
recess 37. [0162]Now, a method of forming or producing
a hollow structure by using the hollow structure
forming substrate 23 according to the present
embodiment will be described with reference to FIGs.
13A to 13C. [0163]In the present second embodiment of
the invention, a water-soluble ultraviolet curing
resin, in which allcoxyacrylate of "PEG400DA",
available from Daicel-Cytec Company, Ltd., is added
with fluorine-based surfactant of "Novec (Registered
Trademark) FC-4430", available from 3M Company, is
used as the plastic-deformable material. [0164]First,
the above plastic-deformable material is coated on the
surface 23" of the hollow structure forming substrate
23, and the hollow structure forming substrate 23 on
which the above plastic-deformable material is coated
is then set in the spin-coater device. In the present
embodiment, the hollow structure forming substrate 23
is rotated in the spin-coater device, for example, for
10 seconds with the number of rotations of 2000rpm,
although it is not limited thereto, so as to form the
plastic-deformation film 24 on the surface 23" of the
hollow structure forming substrate 23 as illustrated
in FIG. 13A. 



[0165]Then, the hollow structure forming substrate 23,
formed with the plastic-deformation film 24, is set in
a vacuum container 25, and internal pressure of the
vacuum container 25 is depressurized to about 100Kpa
(1 atmosphere) to  about 10KPa, for example.
[0166]Thereby, the air or the gas in each of the
hexagonal cylindrical recesses 38 expands by about 10
times, and thus the plastic-deformation film 24
expands and extends by the expanding pressure (for
example, as illustrated by arrows Z) of the gas, as
illustrated in FIG. 13B, to form the hollow structure
25 having the regular hollow parts 24 (or cells). A
shape of each of the hollow parts 24 becomes
substantially uniform mutually, since an amount of air
retained in each of the hexagonal cylindrical recesses
38 is substantially equal mutually. Therefore, the
hollow structure 25 having the uniform hollow parts 24
is obtained. [0167]Referring to FIG 13C, the hollow
structure 25 thus obtained is detached from the hollow
structure forming substrate 23. The hollow structure
25 is utilized, for example but limited to, for an
electrophoretic display in which a solvent, wherein
charged coloring matter particles or charged coloring
particles are dispersed, is filled in the hollow parts
24. [0168]In the present second embodiment, the hollow
structure 25, in which a length of a side of the
hollow part 24 is about 80prit, in which a depth of
the hollow part 24 is about 60pm, and in which a
wall-thickness of a partition wall 24a of the hollow
part 24 (or the cell) is about 31am, for example, is
obtained. [0169]According to the hollow structure
forming substrate 23 of the present second embodiment,
the gas leading-out parts are arranged in a hexagonal
close-packed manner. Therefore, the hollow structure
25 is formed in the honeycomb configuration, and
hence, it is possible to further improve strength of
the hollow structure as compared with the hollow
structure according to the first embodiment. 



[0170]Normally, metals have a hydrophilic property.
Thus, with reference to FIG 13B, the
plastic-deformable material attached to a surface 23d
expands and extends horizontally in the vicinity of
the surface 23", as illustrated by the arrows  Z.
[0171]Referring to FIG 78, when taking note of the
certain cylindrical opening 22 of the hollow structure
forming substrate 23 having the construction described
in the first embodiment, the plastic-deformable
material spreads horizontally from the opening 22a, as
a starting point, of the cylindrical opening 22 in the
vicinity of the surface 23" of the cylindrical opening
22, since the metals have the hydrophilic property.
The opening diameter of the opening 24b of the hollow
part 24 can be determined, for example, by a contact
angle 0 of the plastic-deformable material and the
surface 23", by an influence of collision of the
plastic-deformable materials, which spread
horizontally from the openings 22a as the starting
points of other cylindrical openings 22 located in the
periphery of the certain cylindrical opening 22, with
the plastic-deformable material which spreads
horizontally from the certain cylindrical opening 22,
by the expanding pressure, and by the viscosity of the
plastic-deformable material. [0172]In addition,
according to the first embodiment described above, the
contact angle 0 of the plastic-deformable material and
the surface of the metal is small, and the
plastic-deformable material becomes extremely thin in
the very vicinity of the opening 22a. Thus, the
opening diameter of the opening 24b slightly larger
than the opening diameter of the opening 22a can be
obtained. [0173]On the other hand, according to the
present second embodiment of the invention, with
reference to FIGs. 13A and 13B, the hexagonal annular
projections 40, which function as partition walls, are
provided. In the present second embodiment, when
taking note of the certain cylindrical opening 39, the
plastic-deformable material, which spreads
horizontally from that certain cylindrical opening 39,
will not be influenced by the plastic-deformable
materials, which spread horizontally from the openings
22a as the starting points of other cylindrical
openings 22 located in the periphery of that certain
cylindrical opening  22, since the hexagonal annular
projection 40 functions as the partition wall. Also,
in the present second embodiment, a contact angle 0 of
the hexagonal annular projection 40 and the
plastic-defornaable material is small. Hence, the
plastic-deformable material collides with the
hexagonal annular projection 40, and expands and
extends along a vertical direction to which the
hexagonal annular projection 40 extends. 



[0174]As a result, a contact area of the surface 23"
of the hollow structure forming substrate 23 and the
plastic-deformable material becomes small, and thus,
it is possible to form the opening diameter of the
opening 24b of the hollow part 24 larger than the
opening diameter of the opening 24b of the hollow part
24 according to the first embodiment. [0175]In
addition, a predetermined amount of the
plastic-deformable material is stored in a part of
recess 40 surrounded by the hexagonal annular
projections 40 at the time when the
plastic-deformation film 24 is formed, for example, by
the spin-coating method. Therefore, homogenization of
the film-thickness of the hollow structure 24 is
further achieved. Meanwhile, a reference numeral 39b
denotes an opening facing the hexagonal cylindrical
recess 38. [0176]Now a third embodiment of the present
invention will be described with reference to FIGs.
14A to 14M. Note that elements or parts of the present
embodiment same as or similar to those described in
the above embodiments are attached with the same
reference numbers, and explanation thereto will not be
given in detail, for the sake of convenience of
explanation. [0177]Referring to FIG. 14A, first, the
resist thin-film 11 is formed on the metal substrate
10, preferably through the spin-coating method. In the
present embodiment, the metal substrate 10 includes a
copper material, and the film-thickness of the resist
film 11 is about linn, for example. In the present
embodiment, "TSMR-8900" available from Tokyo Ohka
Kogyo Co., Ltd., is used  for a resist, although it is
not limited thereto. [01781Then, referring to FIG. 15,
portions of the resist film 11 excluding cylindrical
regions 41 arranged in a cubic close-packed manner are
exposed, and a development process is then performed
to remove the cylindrical regions 41. Thereby, as
illustrated in FIG. 14B, resist films 11' having
cylindrical spaces 42 in which the cylindrical regions
41 are removed, are formed. In the present embodiment,
an inside diameter of the cylindrical space 42 is
about 50gm, and a distance between the centers of the
mutually adjacent cylindrical spaces 42 is about
I50gm, for example. [0179]Next, as illustrated in FIG.
14C, nickel electroforming is performed to 



form a nickel film 43, in which the resist films 11'
are used as a mask. Precipitation of nickel, for
example, is started from the mutually adjacent
cylindrical spaces 42. The resist film 11' is covered
when the precipitation of the nickel exceeds the
thickness of the resist film II', which is him
according to the present embodiment. Accordingly, a
thickness of the nickel film 43 in a central part of
the cylindrical space 42 is increased, while the
nickel film 43 becomes thinner as going from the
central part toward a peripheral part of the
cylindrical space 42. [0180]Hence, the nickel film 43,
which has a hexagonal configuration in a plan view, in
which the central part of the hexagonal configuration
becomes or has a top part, and in which a contour part
of the hexagonal configuration has a valley part, is
formed in such a manner as to cover the resist film
11'. [0181]Thereafter, as illustrated in FIG. 14D,
ultraviolet rays are irradiated on the nickel film 43,
to form a nickel oxide film 44. Then, as illustrated
in FIG. 14E, a resist thin-film 45 is formed on an
upper part of the metal substrate 10 on which the
nickel oxide film 44 is formed, preferably through a
spin coating method. In the present embodiment, a
film-thickness of the resist thin-film 45 is
preferably from about 20gm to about 30gm, and "SU-8"
available from Microchem Corporation is used for a
resist thereof, although it is not limited thereto,
[0182]Then, referring to FIG. 16, circular regions 46,
posidoned in the centers of regularly-arranged
hexagonal regions, are exposed, and unexposed portions
47 of the resist thin-film 45 are removed by a
development process. [0183]Thereby, as illustrated in
FIG. 14F, regularly-arranged cylindrical resist bodies
48 are formed on portions, which are on the top pans
of the nickel film 43 and which correspond to the
cylindrical spaces 42. [0184]A diameter dO of each of
the cylindrical resist bodies 48 is preferably about
15gm, and a pitch p0 between the adjacent cylindrical
resist bodies 48 is preferably about 150p,m. The
cylindrical resist body 48 becomes or corresponds 



to an inside diameter of a gas leading-out part, which
will be described later in [0185]Next, as illustrated
in FIG, 14G, a nickel electroforming film 49 as a
metal thin-film for example is formed through a nickel
electroforming method, in which the cylindrical resist
bodies 48 are used as a mask. A film-thickness of the
nickel electrofortning film 49 is preferably set to
the extent that cylindrical resist bodies 48 are not
buried by the nickel electroforming film 49 through
the nickel electroforming. In the present embodiment,
the film-thickness of the nickel electroforming film
49 is set at about 15gra, although it is not limited
thereto. [0186]Next, the metal substrate 10 is washed,
and thereafter, the cylindrical resist bodies 48 are
removed. Thereby, as illustrated in FIG 1411, the
metal substrate 10 in which regularly-arranged
cylindrical recesses 50 are formed on the nickel
electrofoming film 49, is obtained. [01871Then, as
illustrated in FIG. 141, a resist thick-film 51 is
formed. In the present embodiment, a film-thickness of
the resist thick-film 51 is preferably  from about
50gm to about 60gna Subsequently, as illustrated in
FIG. 17, regularly-arranged hexagonal regions 51',
which are coaxial with the cylindrical recesses 50,
respectively, are exposed. In the present embodiment,
a length of a side of the hexagonal region 51' is
about 70gm, although it is not limited thereto.
[0188] Then, unexposed portions 51' of the resist
thick-film 51 are removed by a development process.
Thereby, as illustrated in FIG. 14J,
regularly-arranged hexagonal cylindrical resist bodies
52 are formed. A space between the hexagonal
cylindrical resist bodies 52 becomes or corresponds to
hexagonal cylindrical grooves 52'. [0189]Subsequently,
as illustrated in FIG. 14K, by using the hexagonal
cylindrical resist bodies 52 as a mask, a nickel
electroforming film 53 as a metal thick-film for
example is formed through a nickel electroforming
method. A film-thickness of the nickel electroforming
film 53 is set to the extent that the hexagonal
cylindrical resist bodies 52 are not buried by the
nickel electroforming film 53 through the nickel
electroforming. In the present embodiment, the
film-thickness of the nickel electroforming film 53 is
set at about 40gm, although it is not limited thereto.
[0190]Next, the nickel electroforming film 53, formed
through the electroforming, is detached from the
nickel oxide film 44 with a suitable known method.
Thereafter, the hexagonal cylindrical resist bodies 52
are removed. Thereby, the hollow structure forming
substrate 23 illustrated in FIG. 14L is obtained.
Here, a reference numeral 55a denotes an opening
facing the surface 23", whereas a reference numeral
55b denotes an opening facing a gas-retaining space. 



[0191]As illustrated in FIG. 14M, a back surface of
the hollow structure forming substrate 23 is sealed
by, for example but not limited to, an adhesive sheet
22'.  [0192]As illustrated in FIG. 14M, the hollow
structure forming substrate 23 has curved recesses 54
on a side of a front surface of the hollow structure
forming substrate 23, and cylindrical openings 55 are
formed on central parts of the curved recesses 54 at a
predetermined pitch, respectively. In addition, as
illustrated in FIG. I 8A, the adjoining curved
recesses 54 are partitioned or divided by an annular
contour wall 56 having a substantially hexagonal
configuration. The annular contour wall 56 structures
a hexagonal annular projection. Also, as illustrated
in FIG I 8B, hexagonal cylindrical recesses 57, which
are surrounded by hexagonal partition walls 57', are
formed on a back surface side of the hollow structure
forming substrate 23. [0193)Now, a method of forming
or producing a hollow structure by using the hollow
structure forming substrate 23 according to the
present embodiment will be described with reference to
FIGs. 19A to 19C. [0194]In the present third
embodiment of the invention, a water-soluble
ultraviolet curing resin, in which epoxy acrylate of
"AQ9", available from Arakawa Chemical Industries,
Ltd., is added with fluorine-based surfactant of
"Novee (Registered Trademark) FC-4430", available from
3M Company, is used as the plastic-deformable
material. [0195]First, the above plastie-deformable
material is coated on the surface 23d of the hollow
structure forming substrate 23, and the hollow
structure forming substrate 23 on which the above
plastic-deformable material is coated is then set in
the spin-eoater device. In the present embodiment, the
hollow structure forming subsmte 23 is rotated in the
spin-coater device, for example, for 10 seconds with
the number of rotations of 2000rpm, although it is not
limited thereto, so as to form the plastic-deformation
film 24 on the surface 23" of the hollow structure
forming substrate 23 as illustrated in FIG. I 9A.
[0196]Then, the hollow structure forming substrate 23,
formed with the  



plastic-deformation film 24, is set in a vacuum
container 25, and internal pressure of the vacuum
container 25 is depressurized to about 100Kpa (1
atmosphere) to about 10KPa, for example.
[0197]Thereby, the air or the gas in each of the
hexagonal cylindrical recesses 57 expands by about 10
times, and thus the plastic-deformation film 24
expands and extends by the expanding pressure (for
example, as illustrated by arrows Z) of the gas, as
illustrated in FIG. 19B, to form the hollow structure
25 having the regular hollow parts 24 (or cells). A
shape of each of the hollow parts 24 becomes
substantially uniform mutually, since an amount of air
retained in each of the hexagonal cylindrical recesses
57 is substantially equal mutually. Therefore, the
hollow structure 25 having the uniform hollow parts 24
is obtained. [0198]Referring to FIG. 19C, the hollow
structure 25 thus obtained is detached from the hollow
structure forming substrate 23. The hollow structure
25 is utilized, for example but limited to, for an
electrophoretic display in which a solvent, wherein
charged coloring matter particles or charged coloring
particles are dispersed, is filled in the hollow parts
24. [0199]In the present third embodiment, the hollow
structure 25, in which a length of a side of the
hollow part 24 is about 801.tm, in which a depth of
the hollow part 24 is about 60j.im, and in which a
wall-thickness of a partition wall 24a of the hollow
part 24 (or the cell) is about 5um, for example, is
obtained. [0200]According to the hollow structure
forming substrate 23 of the present third embodiment,
the gas leading-out parts axe arranged to have a
hexagonal close-packed structure. Therefore, the
hollow structure 25 is formed in the honeycomb
configuration, and hence, it is possible to further
improve strength of the hollow structure as compared
with the hollow structure according to the first
embodiment. [0201]In addition, with reference to FIG.
19B, since metals have a  hydrophilic property; the
plastic-deformable material attached to the surface
expands and extends horizontally in the vicinity of
the surface 23". [0202]Because the annular contour
wall 56 or the annular contour part has a 



function similar to that of the hexagonal annular
projection 40 according to the second embodiment, it
is possible to form the opening diameter of the
opening 24b of the hollow part 24 larger than the
opening diameter of the opening 24b of the hollow part
24 according to the first embodiment. [0203]Now, a
fourth embodiment of the present invention will be
described with reference to FIGs. 20A to 20E Note that
elements or parts of the present embodiment same as or
similar to those described in the above embodiments
are attached with the same reference numbers, and
explanation thereto will not be given in detail, for
the sake of convenience of explanation.
[0204]According to the present fourth embodiment, the
hollow structure forming substrate 23 is formed by a
method similar to that of the first embodiment.
However, in the present embodiment, the cylindrical
openings 22 are arranged to have the hexagonal
close-packed structure, as in the second embodiment
and third embodiment. Referring to FIG. 20A, a dry
film resist 57 is, first, formed and laminated on the
surface 23" of the hollow structure forming substrate
23. [0205]Then, referring to FIG. 21,
regularly-arranged hexagonal regions 58 are exposed,
and the dry film resist 57, in which unexposed
portions 59 present rim parts, is subjected to a
development process, so as to remove the unexposed
portions 59. [0206]Thereby, as illustrated in FIG.
20B, dry film resists 57', which are arranged in a
hexagonal close-packed manner, and which are
partitioned or divided by hexagonal annular grooves
60, are formed. [0207]Then, as illustrated in FIG.
20C, a sputtering process using, for example, a
titanium oxide material is performed, in which the dry
film resists 57'  of a cubic close-packed structure
are used as a mask, so as to form titanium oxide films
61. A film-thickness of the titanium oxide film 61
formed by the sputtering process is, for example, from
about 100 angstrom to about 1000 angstrom. 



[0208]Next, as illustrated in FIG. 20D, the dry film
resists 57' are removed, and then the hollow structure
forming substrate 23, in which the titanium oxide
films 61 structuring hexagonal annular contour parts
are formed, is fabricated. Note that a hydrophilic
property of the titanium oxide film is larger than
that of the nickel. [0209]Thereafter, the surface 23"
of the hollow structure forming substrate 23 is
subjected to a hydrophobic treatment. In the present
embodiment, "Optool DSX", available from Daikin
Industries, Ltd., is used for the hydrophobic
treatment, although it is not limited thereto.
[0210]More specifically, in the present embodiment, a
dilute solution containing 0.5% of the Optool DSX, to
which hydrofluoroether of "Novec (Registered
Trademark) HFE7200" available from 3M Company is
added, is prepared. As illustrated in FIG. 20E, the
dilute solution is coated on the surface 23" including
the titanium oxide films 61 of the hollow structure
forming substrate 23, which is then dried naturally to
form a water-repellent film 62. Then, ultraviolet rays
are irradiated on the water-repellent film 62 of the
hollow structure forming substrate 23. [0211]The
titanium oxide films 61 are activated by the
irradiation of the ultraviolet rays, and the
water-repellent film 62 covering a surface of the
titanium oxide films 61 is decomposed. Although the
water-repellent film 62 of a part corresponding to the
nickel is also decomposed, a decomposition rate of the
water-repellent film 62 for the titanium oxide films
61 is faster. Thus, the irradiation of the ultraviolet
rays is stopped at the time point in which the
water-repellent film 62 of the titanium oxide films 61
is decomposed and removed.  WO
2008/093533PCTUP2008/050560 [0212]Thereafter, the
water-repellent film 62 is baked onto the hollow
structure forming substrate 23 under temperature
conditions of, for example, 150 degrees Celsius, so as
to enhance adhesion of the water-repellent film 62 and
the hollow structure forming substrate 23. Then, as
illustrated in FIG. 20E, a back surface of the hollow
structure forming substrate 23 is sealed by, for
example but not limited to, an adhesive sheet 22'.
[0213]Now, a method of forming or producing a hollow
structure by using the 



hollow structure forming substrate 23 according to the
present embodiment will be described with reference to
Hes. 22A to 22C. [0214]In the present third embodiment
of the invention, the powder of "MC-243", available
from Je'lice Co., Ltd., is used as the gelatin, and
the gelatin and pure water are mixed at a weight ratio
of 1:5, to prepare a gelatin solution. Then, the
gelatin solution is heated to make temperature of the
gelatin solution to 50 degrees Celsius for example,
which is then coated on the hollow structure forming
substrate 23. The hollow structure forming substrate
23 on which the above gelatin solution is coated is
then set in the spin-coater device. In the present
embodiment, the hollow structure forming substrate 23
is rotated in the spin-coater device, for example, for
10 seconds with the number of rotations of 1200rprn,
although it is not limited thereto, so as to form the
plastic-deformation film 24 including the gelatin as
illustrated in FIG. 22A. [0215]Then, the hollow
structure forming substrate 23, formed with the
plastic-deformation film 24 illustrated in FIG. 22A,
is set in a vacuum container 25, and internal pressure
of the vacuum container 25 is &pressurized to about
5KPa, for example. [0216]Thereby, moisture included in
the gelatin is evaporated as the air in quadrangular
cylindrical recesses 21 expands. As illustrated in
FIG. 22B, when the water-repellent film 62 is formed
on the surface, the plastic-deformable  material
starts to expand vertically from a portion of the
titanium oxide film 61, since the plastic-deforrnable
material tries to expand from the hydrophilic titanium
oxide film 61 as a starting point and since also the
plastic-deformable material is repelled in a portion
of the water-repellent film 62. Hence, as illustrated
in FIG. 22C, the hollow structure 25 in which the
openings 24b of the hollow parts 24 are large is
formed. In addition, the plastic-deformation film 24
hardens with an adequate size by the evaporation of
the moisture. In the present fourth embodiment, the
hollow structure 25, in which a length of a side of
the hexagonal hollow part 24 is about 80um, in which a
depth of the hexagonal hollow part 24 is about 601.tm,
and in which a wall-thickness of a partition wall 24a
of the hexagonal hollow part 24 (or the cell) is about
5jitn, for example, is obtained. [0217]According to
the hollow structure 25 of the present fourth
embodiment, the cylindrical openings 22 are arranged
in a cubic close-packed manner. Thus, the hollow
structure 25 having a honeycomb structure is obtained.
Hence, strength of the hollow structure 25 according
to the present fourth embodiment is larger than that
of the hollow structure 25 according to the first
embodiment. [0218]Accordingly, it is possible to
achieve the following (1) to (15) from the 



above-described exemplary embodiments of the present
invention. (1)A hollow structure forming substrate,
comprising:     a surface on which a
plastic-deformation film is formed by using a
plastic-deformable material;     a plurality of
regularly-arranged gas-retaining spaces each retaining
gas therein;     a plurality of gas leading-out parts
each having a first opening which faces corresponding
one of the gas-retaining spaces and a second opening
which faces the surface, the gas leading-out parts
leading out the gas retained in the gas-retaining
spaces toward the surface under depressurized
environmental  condition; and      a plurality of
infiltration preventing spaces each provided in a
space between corresponding one of the first openings
and corresponding one of the second openings, the
infiltration preventing spaces preventing infiltration
of the plastic-deformable material from the surface
into the gas-retaining spaces,      wherein the
plastic-deformation film is deformed and expanded on
the surface by expanding pressure of the gas led-out
-from the gas-retaining spaces to the gas leading-out
parts through the infiltration preventing spaces so as
to form a hollow structure having regularly-arranged
hollow parts.  (2) A hollow structure forming
substrate according to (1), wherein each of the gas
leading-out parts includes a cylindrical opening, and
wherein each of the gas-retaining spaces includes a
cylindrical recess or a quadrangular cylindrical
recess.  (3) A hollow structure forming substrate
according to (I), wherein each of the gas leading-out
parts includes a cylindrical opening, and wherein each
of the gas-retaining spaces includes a hexagonal
cylindrical recess. 



(4) A hollow structure forming substrate according to
3 wherein the gas-retaining spaces forms a hexagonal
close-packed structure.  (5) A hollow structure
forming substrate according to (3), wherein the
surface includes hexagonal annular contour parts
having the cylindrical openings in the center thereof,
respectively.  (6) A hollow structure forming
substrate according to (5), wherein each of the
annular contour parts includes an annular projection.
(7) A hollow structure forming substrate according to
(5), whereinsurface surrounded by each of the annular
contour parts is processed with a water-repellent
process, and wherein each of the annular contour parts
has a hydrophilic property.  WO
20081093543PCIMP2008/050560  (8) A hollow structure
forming substrate according to (7), wherein each of
the annular contour parts includes a titanium metal
film.  (9) A hollow structure forming substrate
according to (2) or (3), wherein a 



diameter of each of the cylindrical openings is
between 5jim and 90gm, preferably between 5p.m and
50}im, and most preferably between 5 f.LM and 30um.
(10) A hollow structure forming substrate according to
(9), wherein each of the gas leading-out parts has
volume which is possible to ignore volume of each of
the gas-retaining spaces.  (11) A hollow structure
forming substrate according to (3), further
comprising:     a plurality of recesses each having a
circular-arc configuration in cross-section, and each
including corresponding one of the cylindrical
openings in a central bottom part thereof; and     a
plurality of partition walls partitioning each of the
adjoining circular-arc recesses, and each having a
hexagonal configuration. [0219]According to any one of
(1) to (11), it is possible to increase the strength
of the opening peripheral wall part, which structures
the opening that leads out gas stored in the
gas-retaining space, toward outside of the
gas-retaining space, and to uniformize the volume of
respective hollow parts and uniformize the
film-thickness of the parts partitioning the
respective hollow parts of the hollow structure.
[0220]Particularly, according to any one of (6) to
(8), it is possible to produce the hollow stricture
having the hollow parts, in which each of the hollow
parts includes the diameter larger than the opening
diameter of the gas leading-out part, even when the
opening diameter of the gas leading-out part is small.
(12) A method of producing a hollow structure forming
substrate, the method comprising: forming a resist
thin-film on one surface of a metal substrate;  



forming cylindrical exposed portions, which correspond
to cylindrical openings, by exposing the resist
thin-film according to a regular pattern and by
removing unexposed portions of the resist thin-film
from the one surface;      forming a metal thin-film
having regularly-arranged cylindrical recesses, which
correspond to the cylindrical openings, and on which a
plastic-deformation film is formed, by forming a metal
thin-film on the one surface, in which the cylindrical
exposed portions are used as a mask, and by removing
the cylindrical exposed portions;      forming a
resist thick-film on one surface of the metal
thin-film in such a manner as to bury the cylindrical
recesses;      forming polygonal cylindrical exposed
portions by exposing the resist thick-film according
to a regular pattern and by removing unexposed
portions of the resist-thick film from the one surface
of the metal thin-film, wherein the unexposed portions
of the resist-thick film correspond to partition wall
forming recesses for forming partition walls of
regularly-arranged gas-retaining spaces, and wherein
the gas-retaining spaces having the cylindrical
openings in the center thereof, respectively;
forming a metal thick-film in the partition wall
forming recesses, in such a manner that the metal
thick-film is integrated with the metal thin-film and
that the polygonal cylindrical exposed portions are
not buried thereby;      detaching a structure, which
includes the metal thin-film, the metal thick-film and
the polygonal cylindrical exposed portions, from the
metal substrate; and      forming the hollow structure
forming substrate by removing the polygonal
cylindrical exposed portions, wherein the hollow
structure forming substrate includes a surface on
which the plastic-deformation film is formed, the
regularly-arranged gas-retaining spaces each retaining
gas therein, and a plurality  of gas leading-out parts
each having a first opening which faces corresponding
one of the gas-retaining spaces and a second opening
which faces the surface, and the gas leading-out parts
lead out the gas retained in the gas-retaining spaces
toward the surface under depressurized environmental
condition.  (13) A method of producing the hollow
structure forming substrate according to (12), further
comprising:      forming hexagonal annular grooves on
the one surface of the metal substrate before the
resist thin-film is formed on the one surface of the
metal substrate, wherein the hexagonal annular grooves
form regularly-arranged hexagonal annular projections
having the cylindrical openings in the center thereof,
respectively.  (14) A method of producing the hollow
structure forming substrate according to (12), further
comprising: forming a hydrophilic titanium film on the
surface; and 



forming a water-repellent film on the surface
excluding the hydrophilic titanium film.
[0221]According to any one of (12) to (14), it is
possible to produce the hollow structure forming
substrate, which is possible to increase the strength
of the opening peripheral wall part, which structures
the opening that leads out gas stored in the
gas-retaining space, toward outside of the
gas-retaining space, and to uaiformize the volume of
respective hollow parts and uniforraize the
film-thickness of the parts partitioning the
respective hollow parts of the hollow structure.  (15)
A method of producing a hollow structure, the method
comprising:     forming the plastic-deformation film
by coating the plastic-deformable material on the
surface of the hollow structure forming substrate
according to any one of (1) to (11); setting the
hollow structure forming substrate, on which the
plastic-deformation film is formed, under the
depressurized environmental condition; and     forming
the hollow structure having regularly-arranged hollow
parts by expanding the gas retained in each of the gas
retaining spaces so as to deform and expand the
plastic-deformation film with expanding pressure of
the gas. [0222]According to (15), since the
plastic-deformation film is expanded and extended by
the expanding pressure of the gas under the
depressurized environmental condition, it is possible
to produce the hollow structure in which the film
thickness and the volume of the hollow parts are
uniform. [0223]Although the present invention has been
described in terms of exemplary embodiments, it is act
limited thereto. It should be appreciated that
variations may be made in the embodiments described by
persons skilled in the art without departing from the
scope of the present invention as defined by the
following claims. The limitations in the claims are to
be interpreted broadly based the language employed in
the claims and not limited to examples described in
the present description or during the prosecution of
the application, which examples are to be construed as
non-exclusive. For example, in the present disclosure,
the term "preferably", "preferred" or the like is
non-exclusive and means "preferably", but not limited
to. 



[02241The present application is based on and claims
priority from Japanese Patent Application Serial
Number 2007-017716, filed January 29, 2007, the
disclosure of which is hereby incorporated by
reference herein in its entirety.  CLAIMS I.A hollow
structure forming substrate (23), comprising:      a
surface (23") on which a plastic-deformation film (24)
is formed by using a plastic-defoiniable material;
a plurality of regularly-arranged gas-retaining spaces
(21) each retaining gas therein; a plurality of gas
leading-out parts (22) each having a first opening (
which faces corresponding one of the gas-retaining
spaces and a second opening (22b) which faces the
surface, the gas leading-out parts leading out the gas
retained in the gas-retaining spaces toward the
surface under depressurized environmental condition;
and      a plurality of infiltration preventing spaces
(22c) each provided in a space between corresponding
one of the first openings and corresponding one of the
second openings, the infiltration preventing spaces
preventing infiltration plastic-deformabic material
from the surface into the gas-retaining spaces,
wherein the plastic-defoimation film is defomml and
expanded on the surface by expanding pressure of the
gas led-out from the gas-retaining spaces to the gas
leading-out parts through the infiltration preventing
spaces so as to font a hollow structure having
regularly-arranged hollow parts, 2.A hollow structure
forming substrate according to Claim 1, wherein each
of  he gas leading-out parts includes a cylindrical
opening (55, 22), and wherein each of the
gas-retaining spaces includes a cylindrical recess
(57) or a quadrangular cylindrical recess (21). 



A hollow structure fruming substrate according to
Claim 1, wherein each of  the gas leading-out parts
includes a cylindrical opening (39), and wherein each
of the gas-retaining spaces includes a hexagonal
cylindrical recess (38). 4.A hollow structure forming
substrate according to Claim 3, wherein the
gas-retaining spaces forms a hexagonal close-packed
structure. S.A hollow structure forming substrate
according to Claim 3, wherein the surface includes
hexagonal annular contour parts (56) having the
cylindrical openings in the center thereof,
respectively. 6.A hollow structure forming substrate
according to Claim 5, wherein each of the annular
contour parts includes an annular projection (40). A
hollow structure formubstrate according to Claim 5,
wherein the surface surro ded by each of the annular
contour parts is processed with a water-repellent
process, and wherein each of the annular contour parts
has a hydrophilic property.  8. A hollow structure
forming substrate according to Claim 7, wherein the
annular contour parts includes a titanium metal film
(61).  9. A hollow structure forming substrate
according to Claim 2 or 3, wherein a diameter of each
of the cylindrical openings is between 5um and 90um,
preferably between 5um and 50pin and most preferably
between 5urn and 30prn. 



10. ,hollow structure forming substrate according to
Claim 9, wherein each of the ins leading-out parts has
volume which is possible to ignore volume of each of
the gas-retaining spaces.  11. A hollow structure
forming substrate according to Claim 3, further
comprising:      a plurality of recesses (54) each
having a circular-arc configuration in cross-section,
and each including corresponding one of the
cylindrical openings in a central bottom part thereof;
and      a plurality of partition walls (56)
partitioning each of the adjoining circular-arc
recesses, and each haying a hexagonal configuration,
12. A method of producing a hollow structure forming
substrate (23), the method comprising: forming a
resist thin-film (11) on one surface of a metal
substrate (10);      forming cylindrical exposed
portions (14), which correspond to cylindrical
openings (22), by exposing the resist thin-film
according to a regular pattern and by removing
unexposed portions (13) of the resist thin-film from
the one surface;      forming a metal thin-film (15)
having regularly-arranged cylindrical recesses (16),
which correspond to the cylindrical openings, and on
which a plastic-defot mation film (24) is formed, by
forming a metal thin-film (15) on the one surface, in
which the cylindrical exposed portions are used as a
mask, and by removing the cylindrical exposed
portions; 



forming a resist thick-film (17) on one surface of the
metal thin-film in such a manner as to bury the
cylindrical recesses (16); forming polygonal
cylindrical exposed portions (18) by exposing the
resist thick-film according to a regular pattern and
by removing unexposed portions (IS') of the
resist-thick film from the one surface of the metal
thin-film, wherein the unexposed portions of the
resist-thick film correspond to partition wall forming
recesses (19a) for fanning partition walls (23') of
regularly-arranged gas-retaining spaces (21), and
wherein the gas-retaining spaces having the
cylindrical openings in the center thereof,
respectively;      forming a metal thick-film (20) in
the partition wall forming recesses, in such a manner
that the metal thick-film is integrated with the metal
thin-film and that the polygonal cylindrical exposed
portions are not buried thereby;      detaching a
structure, which includes the metal thin-film the
metal thick-film and the polygonal cylindrical exposed
portions the metal substrate; and      fanning the
hollow structure forming substrate by removing the
polygonal cylindrical exposed portions, wherein the
hollow structure forming substrate includes a surface
on which the plastic-deformation film is formed, the
regularly-arranged gas-retaining spaces each retaining
gas therein,and a plurality of gas leading-out parts
(22) each having a first opening (22a) which faces
corresponding one of the gas-r ng spaces and a second
opening (22h) which faces the surface, and the gas
leading-out parts lead out the gas retained in the
gas-retaining spaces toward the surface under
depressurized environmental condition. 13.A method of
producing the Haw structure forming substrate
according to Claim 12, further comprising:  



forming hexagonal annular grooves (28) on the one
surface of the metal substrate before the resist
thin-film is formed on the one surface of the metal
substrate, wherein the hexagonal annular grooves form
regularly-arranged hexagonal annular projections
having the cylindrical openings in the center thereof,
respectively.  14. A method of producing the hollow
structure forming substrate according to Claim 12,
further comprising: ing a hydrophilic titanium film (6
1) on the surface; and      forming a water-repellent
film (62) on the surface excluding the hydroph
titanium film, 15. A method of producing a hollow
structure (25) the method comprising: preparing a
hollow structure forming substrate, including:
a surface (23") on which a plastic-deformation film
(24) is formed by using a plastic-deftwmable material;
a plurality of regularly-arranged gas-retaining spaces
(21) each retaining gas therein; a plurality of gas
leading-out parts (A.each having a first opening (22a)
which faces corresponding one of the gas-retaining
spaces and a second opening (22h) which faces the
surface, the gas leading-out parts leading out the gas
retained in the gas-retaining spaces toward the
surface under depressurized environmental condition;
and           a plurality of infiltration preventing
spaces (22c) each provided in a space between
corresponding one of the first openings and
corresponding one of the second openings, the
infiltration preventing spaces preventing infiltration
of the plastic-deformable material from the surface
into the gas-retaining spaces;      forming the
plastic-deformation film by coating the
plastic-deformable material on the surface of the
hollow structure forming substrate;      setting the
hollow structure forming substrate, on which the
plastic-deformation film is formed, under the
depressurized environmental condition; and
forming the hollow structure having regularly-arranged
hollow parts by expanding the gas retained in each of
the gas retaining spaces so as to deform and expand
the plastic-deformation film with expanding pressure
of the gas. 






