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(54) PATTERNED SHEET PRODUCTION METHOD

(57) Provided is a manufacturing method of a pattern
sheet having excellent productivity at low costs. The
manufacturing method of a pattern sheet includes: a
process of producing, using a plate precursor 10 having
a protruding pattern 12 formed thereon, a plurality of first
molds 20 having a recessed shape, which is an inverted
shape of the protruding pattern, from a resin; a process
of producing a plurality of metallic electroforms 70 having
the protruding pattern formed thereon by electroforming
using the first mold 20; a process of producing a plurality
of second molds 80 having a recessed shape, which is
an inverted shape of the protruding pattern, from a resin
using the electroform 70; and a process of producing
pattern sheets 100 and 110 having a protruding pattern
102 formed thereon using the second mold 80.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a manufactur-
ing method of a pattern sheet, and particularly to a man-
ufacturing method of a protruding pattern sheet in which
a large number of pattern sheets are manufactured
based on a plate precursor having a protruding pattern
formed therein.

2. Description of the Related Art

[0002] In the related art, as a method of administering
a medicine or the like through a living body surface, that
is, the skin or mucous membrane, a method of attaching
a liquid substance or a powdery substance has been
mostly used. However, since a region to which such sub-
stances are attached is limited to the surface of the skin,
there may be cases where a medicine or the like attached
thereto are removed by perspiration or contact with for-
eign matter, and it is difficult to administer an appropriate
amount of the medicine. In addition, in order to cause the
medicine to penetrate deep into the skin, it is difficult to
reliably control the penetration depth in such a method
utilizing penetration by diffusion of the medicine. There-
fore, it is difficult to obtain a sufficient medicinal effect.
[0003] Therefore, a method of injecting a medicine by
inserting a small needle into the skin using a percutane-
ous absorption sheet on which a needle-like protrusion
(also referred to as small needle or microneedle) which
contains a drug and has a high aspect ratio is formed is
employed.
[0004] As a method of manufacturing a functional film
having such a high aspect ratio structure, for example,
in JP2008-245955A, JP2011-194594A, and
JP2014-519344, it is described that a sheet is manufac-
tured by molding a resin or by electroforming using a
mold having a protruding or recessed pattern.

SUMMARY OF THE INVENTION

[0005] However, the method of manufacturing a func-
tional film having a high aspect ratio structure described
in JP2008-245955A, JP2011-194594A, and
JP2014-519344 is not suitable for mass production. In a
case of manufacturing a large number of fine pattern
formed products using a plate precursor on which a fine
pattern having an aspect ratio structure is formed, costs
and productivity become important. First, the processing
cost of the plate precursor becomes extremely high as
the pattern shape becomes finer and more complex. Fur-
thermore, since durability is also limited, it is preferable
to produce a large number of duplicates of the plate pre-
cursor. Although formed products are produced using
the duplicated product as a mold, there are limits or prob-

lems that (1) there is a need to produce an accurate du-
plicated product at low costs, (2) there is a limit to the
durability of the duplicated product, (3) in a case where
the fine pattern has a high aspect ratio shape, it becomes
difficult to peel the fine pattern, (4) stable production with-
out defects is preferable, and (5) there is a case where
a mold for forming a final product is for a single use (dis-
posable). The techniques described in
JP2008-245955A, JP2011-194594A, and
JP2014-519344 are not suitable for the process in which
mass production is assumed, and particularly a tech-
nique for manufacturing a large number of molds at low
costs is desirable.
[0006] In a case of molding a functional film having a
high aspect ratio structure, when the functional film is
peeled away from the mold, the mold may be damaged,
and in this case, it is not possible to reuse the mold. In a
case where the functional film is a medicine, high costs
are needed to clean the mold. In this case, the mold is
disposable, and a large number of molds are necessary.
[0007] The present invention has been made taking
the above circumstances into consideration, and an ob-
ject thereof is to provide a manufacturing method of a
pattern sheet in which low costs are needed and produc-
tivity is improved.
[0008] In order to achieve the object, the present in-
vention provides a manufacturing method of a pattern
sheet comprising: a process of producing, using a plate
precursor having a protruding pattern formed therein, a
plurality of first molds having a recessed shape, which is
an inverted shape of the protruding pattern, from a resin;
a process of producing a plurality of metallic electroforms
having the protruding pattern formed therein by electro-
forming using the first mold; a process of producing a
plurality of second molds having a recessed shape, which
is an inverted shape of the protruding pattern, from a
resin using the electroform; and a process of manufac-
turing a pattern sheet having the protruding pattern
formed therein using the second mold.
[0009] According to the present invention, the plurality
of first molds are produced using the plate precursor, the
plurality of electroforms are produced using the first mold,
and the plurality of second molds are produced using the
electroform. Therefore, a large number of the second
molds having the inverted shape of the protruding pattern
formed on the plate precursor recessed shape can be
produced using the single plate precursor. Accordingly,
using the second mold, a large number of pattern sheets
can be manufactured at low costs.
[0010] In another aspect of the present invention, it is
preferable that the manufacturing method of a pattern
sheet further comprises: after the process of producing
the plurality of first molds, a process of producing a first
assembled mold by joining the plurality of first molds to
increase an area of surfaces of the first molds on which
the recessed shapes are formed.
[0011] According to this aspect, after the first assem-
bled mold which is increased in area by joining the plu-
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rality of first molds is produced, the electroforms are pro-
duced by electroforming, and thus the plurality of elec-
troforms having the protruding pattern formed therein can
be produced by a single electroforming process, thereby
improving productivity.
[0012] In another aspect of the present invention, it is
preferable that the plate precursor is processed by ma-
chining.
[0013] According to this aspect, by processing the
plate precursor through machining, a desired shape can
be produced with good accuracy.
[0014] In another aspect of the present invention, it is
preferable that the resin forming the second mold is a
silicone resin or a thermoplastic resin.
[0015] According to this aspect, since a silicone resin
or a thermoplastic resin is used as the resin forming the
second mold, even in a case where the pattern sheet is
a medicine, the pattern sheet maintaining safety can be
manufactured.
[0016] In another aspect of the present invention, it is
preferable that a material of the pattern sheet is a water-
soluble material.
[0017] According to this aspect, by using the water-
soluble material as the material of the pattern sheet, in
a case where the protruding pattern formed on the pattern
sheet is inserted into the skin, injection of a medicine can
be facilitated.
[0018] In another aspect of the present invention, it is
preferable that the resin forming the first mold is an ul-
traviolet curable resin or a thermoplastic resin.
[0019] According to this aspect, by using the ultraviolet
curable resin or thermoplastic resin is used as the resin
forming the first mold, the first mold can be easily formed
at low costs.
[0020] In another aspect of the present invention, it is
preferable that a through-hole is formed at a distal end
of the recessed shape in the second mold.
[0021] According to this aspect, since the through-hole
is provided at the distal end of the recessed shape of the
second mold, in a case where the pattern sheet is man-
ufactured, the injection of the material into the recessed
shape can be easily performed.
[0022] In another aspect of the present invention, it is
preferable that the manufacturing method of a pattern
sheet further comprises: after the process of producing
the plurality of second molds, a process of producing a
second assembled mold by joining the plurality of second
molds to increase an area of surfaces of the second
molds on which the recessed shapes are formed.
[0023] According to this aspect, by manufacturing the
pattern sheet after producing the second assembled
mold which is increased in area by joining the plurality of
second molds, the pattern sheet having a plurality of the
protruding patterns formed therein can be manufactured
in a single pattern sheet manufacturing process, thereby
improving productivity.
[0024] According to the manufacturing method of a pat-
tern sheet of the present invention, the pattern sheet hav-

ing the protruding pattern can be manufactured at low
costs, and productivity can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figs. 1(A) to 1(E) are process diagrams illustrating
a procedure for producing an electroform.

Figs. 2(A) to 2(D) are process diagrams illustrating
a procedure for manufacturing a pattern sheet.

Figs. 3(A) to 3(F) are process diagrams illustrating
a procedure for producing a first assembled mold.

Fig. 4 is a plan view of the first assembled mold.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0026] Hereinafter, a manufacturing method of a pat-
tern sheet according to the present invention will be de-
scribed with reference to the accompanying drawings. In
this specification, "to" is used to include numerical values
described before and after "to" as the lower limit and the
upper limit.
[0027] The present invention is a technique for manu-
facturing, using a plate precursor having a protruding pat-
tern formed therein, a pattern sheet having a protruding
pattern formed therein as a duplicate of the plate precur-
sor. Specifically, using a plate precursor 10 having a pro-
truding pattern 12 formed therein, a plurality of first molds
20 having a recessed shape, which is an inverted shape
of a protruding pattern 12, are produced. Next, a plurality
of metallic electroforms 70 are produced by electroform-
ing using the first mold 20. In addition, using the electro-
form 70, a plurality of second molds 80 having a recessed
shape, which is an inverted shape of a protruding pattern,
are produced. Last, a pattern sheet 100 having a pro-
truding pattern 102 formed therein is manufactured using
the second mold 80. As described above, using the plate
precursor 10, a plurality of the first molds 20, a plurality
of the electroforms 70, and a plurality of the second molds
80 are produced, so that a large number of the second
molds 80 can be produced. Therefore, a pattern sheet
110 is manufactured using the second mold 80, so that
the pattern sheet 110 as a duplicate of the plate precursor
10 can be manufactured. Hereinafter, each process will
be described.

<Manufacturing Method of Pattern Sheet>

[0028] [Process of Producing First Mold] A process of
producing the first mold 20 is a process of producing,
using the plate precursor 10 having the protruding pattern
12 formed therein, a plurality of the first molds 20 having
a recessed shape 22, which is an inverted shape of the
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protruding pattern 12, from a resin.
[0029] First, as illustrated in (A) of Fig. 1, the plate pre-
cursor 10 having the protruding pattern 12 formed therein
is prepared. Although a method of producing the plate
precursor 10 having the protruding pattern 12 formed
therein is not particularly limited, for example, the plate
precursor 10 having the protruding pattern 12 formed
therein can be produced as follows. A plurality of the pro-
truding patterns 12 can be produced on the surface of
the plate precursor 10 by processing a metal substrate
made of Ni or the like through machining using a cutting
tool such as a diamond insert bite.
[0030] As another method, a photoresist is applied on-
to a Si substrate, and exposure and development are
performed thereon. In addition, etching such as reactive
ion etching (RIE) is performed, thereby producing the
protruding patterns 12 on the surface of the plate precur-
sor 10. Furthermore, in the case where etching such as
RIE is performed to form the protruding patterns 12 on
the surface of the plate precursor 10, it is possible to form
the protruding patterns by performing etching in an ob-
lique direction while rotating the Si substrate.
[0031] In this embodiment, it is preferable that the plate
precursor 10 is processed by machining. A desired shape
can be accurately produced by machining.
[0032] Next, as illustrated in (B) and (C) of Fig. 1, a
plurality of the first molds 20 having a recessed shape
22 are produced using the plate precursor 10. As a meth-
od of producing the first molds 20, the production can be
performed using a resin by the following methods. In the
first method, a silicone resin obtained by adding a hard-
ener to PDMS (polydimethylsiloxane, for example, SYL-
GARD 184 manufactured by Dow Corning Corporation,
SYLGARD: trademark) is poured to the plate precursor
10 and is subjected to a heat treatment at 100°C to cure,
and thereafter, a first mold having a recessed shape,
which is an inverted shape of a protruding pattern is pro-
duced using the plate precursor.
[0033] The second method is a method in which an
ultraviolet curable resin which is cured by being irradiated
with ultraviolet radiation is poured to the plate precursor
10 and is irradiated with ultraviolet radiation in a nitrogen
atmosphere, and thereafter the first mold 20 is peeled
away from the plate precursor 10. The third method is a
method in which a solution obtained by dissolving a plas-
tic resin such as polystyrene or PMMA (polymethyl meth-
acrylate) in an organic solvent is poured to the plate pre-
cursor 10 to which a release agent is applied and is dried
so as to cause the organic solvent to be volatilized for
curing, and thereafter the first mold 20 is peeled away
from the plate precursor 10.
[0034] The material forming the first mold 20 is a resin,
and an ultraviolet curable resin or a thermoplastic resin
is preferably used. By using an ultraviolet curable resin
or a thermoplastic resin, the production of the first mold
20 can be facilitated, and the protruding pattern 12 of the
plate precursor 10 can be stably formed.
[0035] A plurality of the first molds 20 are produced

using the plate precursor 10. The number of first molds
produced using a single plate precursor is preferably ten
or more, more preferably 100 or more, and even more
preferably 500 or more.
[0036] [Process of Producing First Assembled Mold]
Next, as illustrated in (D) of Fig. 1, by joining a plurality
of the first molds 20 produced using the plate precursor
10, the surfaces of the first molds 20 on which the re-
cessed shapes 22 are formed are increased in area, such
that a first assembled mold 60 is produced. Figs. 3(A) to
3(F) are process diagrams of the production of the first
assembled mold 60.
[0037] First, as illustrated in (A) of Fig. 3, the plurality
of the first molds 20 are disposed on a first substrate 30
so as to be spaced apart from each other. A frame 32
having an opening 34 is provided on the first substrate
30. In the region of the opening 34 of the frame 32, the
first substrate 30 is exposed. In addition, the plurality of
the first molds 20 are disposed in the region of the open-
ing 34 of the frame 32, that is, inside the frame 32.
[0038] The plurality of the first molds 20 are disposed
on the first substrate 30 so as to be spaced apart from
each other and are disposed at positions where surfaces
24 on which the recessed shapes 22 are formed are in
contact with the first substrate 30. The flatness of the
surface 24 on which the recessed shape of each of the
first molds 20 is formed is secured by the first substrate
30. That is, in a state where the surfaces 24 on which
the recessed shapes 22 are formed are flush with each
other, the position of each of the first molds 20 is defined
by the first substrate 30. As the first substrate 30, a quartz
glass plate or the like can be used. In particular, although
the material of the first substrate 30 is not limited, a ma-
terial having high stiffness is preferable. This is because
the position of each of the first molds 20 is defined by the
first substrate 30.
[0039] As the material of the frame 32, acrylic, PP
(polypropylene), PC (polycarbonate), or the like can be
used. However, the frame 32 may not be provided. For
example, in a case where an adhesive 40 has high vis-
cosity and low fluidity, the frame 32 may not be provided.
[0040] In addition, it is preferable that the plurality of
the first molds 20 are disposed on the first substrate 30
under an environment at reduced pressure. By disposing
the first molds 20 on the first substrate 30 under an en-
vironment at reduced pressure, air in the recessed
shapes 22 of the first molds 20 can be reduced.
[0041] In a case of filling an adhesive, it is preferable
that the first molds 20 and the first substrate 30 are not
misaligned from each other, and in a case where the first
molds 20 are peeled away from the first substrate 30, it
is preferable that the first molds 20 are easily peeled away
from the first substrate 30. Therefore, in the case of dis-
posing the first molds 20 on the first substrate 30, it is
preferable that the first molds 20 and the first substrate
30 are brought into contact with a thermal release sheet
or ultraviolet release sheet interposed therebetween.
The thermal release sheet refers to an adhesive sheet
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having a property that the adhesive force is decreased
by heating the thermal release sheet to a predetermined
temperature or higher. The ultraviolet release sheet re-
fers to an adhesive sheet having a property that the ad-
hesive force is decreased by irradiating the ultraviolet
release sheet with ultraviolet radiation.
[0042] The first molds 20 and the first substrate 30 may
be brought into direct contact with each other, or may be
brought into indirect contact with a release sheet such
as the thermal release sheet or ultraviolet release sheet
interposed therebetween.
[0043] Next, as illustrated in (B) and (C) of Fig. 3, the
adhesive 40 is supplied to the periphery of each of the
first molds 20 on the first substrate 30. First, the adhesive
40 is supplied between the first molds 20 on the first sub-
strate 30. In the case where the frame 32 is provided on
the first substrate 30, the adhesive 40 is supplied be-
tween the first molds 20 and the frame 32. Next, the ad-
hesive 40 is cured. It is preferable to use an ultraviolet
curable adhesive as the adhesive 40. In a case where
the adhesive 40 is an ultraviolet curable adhesive, the
adhesive 40 is cured by irradiating the adhesive 40 with
ultraviolet radiation. The adhesive 40 is not limited to the
ultraviolet curable adhesive, and other adhesives can al-
so be used.
[0044] Next, as illustrated in (C) of Fig. 3, an adhesive
42 is supplied to surfaces 26 of the plurality of the first
molds 20 on the side opposite to the surfaces 24 on which
the recessed shapes 22 are formed. It is preferable to
use an ultraviolet curable adhesive as the adhesive 42,
and it is preferable that the adhesive 42 has the same
composition as the adhesive 40. The adhesive 42 is not
limited to the ultraviolet curable adhesive, and other ad-
hesives can also be used.
[0045] As described above, regarding the supply of the
adhesive, the adhesive is supplied in two stages in which
the adhesive 40 is initially supplied and cured between
the first molds 20 and the adhesive 42 is thereafter sup-
plied to the surfaces 26 of the first molds 20 on the side
opposite to the surfaces 24 on which the recessed
shapes 22 are formed, thereby suppressing warping, de-
formation, and the like.
[0046] In addition, since the surfaces 24 of the first
molds 20 on which the recessed shapes 22 are formed
and the adhesive 40 are supported by the first substrate
30, the surfaces 24 of the first molds 20 on which the
recessed shapes 22 are formed and the adhesive 40 are
flush with each other. Therefore, occurrence of steps,
deformation, or the like between the first molds 20 and
the adhesive 40 can be suppressed.
[0047] After supplying the adhesive 42, as illustrated
in (D) of Fig. 3, a second substrate 50 is bonded to the
surfaces 26 of the plurality of the first molds 20 on the
side opposite to the surfaces 24 on which the recessed
shapes 22 are formed.
[0048] After supplying the adhesive 42, the second
substrate 50 is pressed against the adhesive 42. There-
after, the adhesive 42 is cured such that the surfaces 26

of the first molds 20 on the side opposite to the surfaces
24 on which the recessed shapes 22 are formed and the
second substrate 50 are bonded with the adhesive 42
interposed therebetween.
[0049] In this embodiment, a spacer 36 is provided
around the frame 32. In the case where the second sub-
strate 50 is pressed against the adhesive 42, the second
substrate 50 is brought into contact with the spacer 36.
The distance between the first substrate 30 and the sec-
ond substrate 50 can be defined by the spacer 36.
[0050] Tthe spacer 36 may or may not be provided. In
a case where the spacer 36 is not provided, the distance
between the first substrate 30 and the second substrate
50 can be defined by bringing the second substrate 50
into contact with the frame 32.
[0051] By setting the height of the spacer 36 to be high-
er than the height of the frame 32, in the case where the
second substrate 50 is pressed against the adhesive 42,
the adhesive 42 can be incorporated between the frame
32 and the second substrate 50.
[0052] In the case where the adhesive 42 is the ultra-
violet curable adhesive, the adhesive 42 can be cured
by irradiating the adhesive 42 with ultraviolet radiation.
In the case of irradiating the adhesive 42 with ultraviolet
radiation, it is preferable that the second substrate 50 is
a material capable of transmitting ultraviolet radiation.
[0053] Next, as illustrated in (E) of Fig. 3, the first molds
20 and the first substrate 30 are peeled away from each
other. The first molds 20 and the first substrate 30 may
be peeled away from each other by moving the first molds
20 in a direction away from the first substrate 30 or by
separating the first substrate 30 from the first molds 20.
Alternatively, the first molds 20 and the first substrate 30
may be moved in directions away from each other.
[0054] In a case where the first molds 20 and the first
substrate 30 are adhered with the thermal release sheet
or ultraviolet ray release sheet interposed therebetween,
the adhesive force between the first molds 20 and the
thermal release sheet or the adhesive force between the
first molds 20 and the ultraviolet release sheet is de-
creased by heating the thermal release sheet to a pre-
determined temperature or higher or irradiating the ultra-
violet release sheet with ultraviolet radiation. According-
ly, the first molds 20 and the first substrate 30 can be
easily peeled away from each other. In addition, it is pref-
erable that the thermal release sheet or the ultraviolet
release sheet is peeled away from the plurality of the first
molds 20 together with the first substrate 30.
[0055] (F) of Fig. 3 is a sectional view of the first as-
sembled mold 60 formed by the above-described meth-
od. By peeling the first molds 20 and the first substrate
30 away from each other, the first assembled mold 60 is
completed. As illustrated in (F) of Fig. 3 and 4, the first
assembled mold 60 has a plurality of the first molds 20.
Fig. 4 illustrates the first assembled mold 60 having 4 3
4 = 16 first molds 20. The plurality of the first molds 20
are disposed on one surface of the second substrate 50
and are integrated by the adhesives 40 and 42.

7 8 



EP 3 357 659 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0056] In (D) of Fig. 1, the first assembled mold 60 is
illustrated in a simplified manner. However, the actual
structure thereof is as illustrated in Figs. 3(A) to 3(F).
[0057] The production of the first assembled mold 60
may or may not be performed. By producing the electro-
form 70 in the subsequent process using the first assem-
bled mold 60, the electroform 70 having a large area can
be produced by a single electroforming process. Further-
more, in the subsequent processes, the pattern sheet
100 is manufactured using the electroform 70 having a
large area, and the second mold 80 or a second assem-
bled mold 90, thereby improving productivity. For exam-
ple, in a method of producing an electroform directly using
an initial plate precursor, when the electroformed product
is peeled away from the plate precursor, the plate pre-
cursor (particularly a needle portion) is easily damaged,
and thus great costs are incurred by fatal defects, or
breaking or replacement of the plate precursor, which is
not preferable.
[0058] [Process of Producing Electroform] Returning
to Fig. 1, (E) of Fig. 1 is a diagram illustrating a process
of producing the metallic electroform 70 having protrud-
ing patterns 72 formed therein by electroforming using
the first assembled mold 60. In (E) of Fig. 1, the first
assembled mold 60 is used. However, as described
above, the electroform may also be produced using the
first mold 20.
[0059] In the electroforming process, the first assem-
bled mold 60 is disposed at a cathode body, and an elec-
troformed matter is formed on the surface of the first as-
sembled mold 60 such that the metallic electroform 70
which is paired with the first assembled mold 60 is pro-
duced.
[0060] Also in the production of the electroform 70 by
the electroforming process, a plurality of the electroforms
70 are produced using the single first mold 20 or the first
assembled mold 60. By producing the plurality of the elec-
troforms 70 using the first mold 20 or the first assembled
mold 60, the plurality of the electroforms 70 can be pro-
duced using the single plate precursor 10. Regarding the
production of the electroforms 70, the number of the elec-
troforms 70 produced using the first mold 20 or the single
first assembled mold 60 is preferably one or more, more
preferably three or more, and even more preferably five
or more.
[0061] [Process of Producing Second Mold] After pro-
ducing the metallic electroform 70 by the electroforming
process, as illustrated in (A) of Fig. 2, the second mold
80 with a recessed shape 82 is produced from a resin
using the electroform 70.
[0062] The second mold 80 can be produced by a
method similar to the method of producing the first mold
20. The resin forming the second mold 80 is preferably
a silicone resin or a thermoplastic resin. By using the
silicone resin or thermoplastic resin as the resin forming
the second mold 80, safety can be secured in a case
where the pattern sheets 100 and 110 manufactured us-
ing the second mold 80 are used for a living body or the

like.
[0063] In the production of the second mold, it is pref-
erable that the thickness of the second mold 80 after the
formation is smaller than the height of the protruding pat-
tern 72 of the electroform 70. By causing the thickness
of the second mold 80 to be smaller than the height of
the protruding pattern 72 of the electroform 70, through-
holes 84 can be formed at the distal ends of the recessed
shapes 82 of the second mold 80, which is an inverted
shape of the protruding pattern 72 of the electroform 70.
However, in a case where the thickness of the second
mold 80 is too small compared to the height of the pro-
truding pattern 72 of the electroforming 70, the shape of
the distal end of the protruding patterns 102 of the man-
ufactured pattern sheets 100 and 110 is rounded, and it
becomes difficult for the distal end thereof to be inserted
into the skin, which is not preferable. The thickness of
the second mold 80 is preferably set to a height lower
than the height of the protruding pattern 72 of the elec-
troform 70 by 10 to 50 mm. By forming the through-holes
84 in the second mold 80, in a subsequent process of
manufacturing the pattern sheet 100, the material of the
pattern sheet 100 can be easily injected into the recessed
shapes 82 of the second mold 80. In some cases, a mold
without through-holes may be produced.
[0064] A plurality of the second molds 80 are produced
using the electroform 70 formed by electroforming the
number of the second molds 80 produced using the single
electroform 70 is preferably 100 or more, more preferably
300 or more, and even more preferably 500 or more.
[0065] [Process of Producing Second Assembled
Mold] Next, as illustrated in (B) of Fig. 2, by joining the
second molds 80, surfaces 86 of the second molds 80
on which the recessed shapes 82 are formed are in-
creased in area, such that the second assembled mold
90 is produced. As a method of producing the second
assembled mold 90, the second assembled mold 90 can
be produced by the same method as in the process of
producing the first assembled mold 60.
[0066] The production of the second assembled mold
90 may or may not be performed. By producing the pat-
tern sheet 110 as in the subsequent process using the
second assembled mold 90, the pattern sheet 110 is
manufactured once, and a plurality of pattern sheets cor-
responding to the plate precursor 10 can be manufac-
tured, thereby improving productivity.
[0067] [Process of Manufacturing Pattern Sheet] (C)
of Fig. 2 is a diagram illustrating a process of manufac-
turing the pattern sheet 100 using the second assembled
mold 90. Although the second assembled mold 90 is used
in (C) of Fig. 2, the pattern sheet may also be formed
using the second mold 80.
[0068] There may be cases where the second mold 80
or the second assembled mold 90 is used only once and
is preferably disposable. In a case where the pattern
sheet 100 is used as a medicine, the second mold 80 or
the second assembled mold 90 is preferably disposable
in consideration of the safety of the manufactured pattern
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sheet 100 for a living body. In addition, by causing the
second mold 80 or the second assembled mold 90 to be
disposable, there is no need to clean the second mold
80 and the second assembled mold 90, thereby reducing
cleaning costs. In particular, in the case where the pattern
sheet 100 is used as a medicine, high cleaning perform-
ance is required, and the cleaning costs are high.
[0069] It is preferable that a water-soluble material is
used as the material forming the pattern sheet 100. As
a material of a resin polymer of a polymer solution used
for the manufacturing of a pattern sheet, it is preferable
to use a biocompatible resin. As such resins, sugars such
as glucose, maltose, pullulan, sodium chondroitin sul-
fate, sodium hyaluronate, and hydroxyethyl starch, pro-
teins such as gelatin, and biodegradable polymers such
as polylactic acid and a lactic acid-glycolic acid copoly-
mer are preferably used. Among these, since gelatin-
based materials have adhesiveness to many base ma-
terials and have a strong gel strength in a case of being
used as a gelating material, the gelatin-based materials
can be brought into close contact with a base material,
and the pattern sheet 100 can be peeled away using the
base material (not illustrated) in a case where the pattern
sheet 100 is peeled away from the second mold 80 or
the second assembled mold 90. Therefore, the gelatin-
based materials can be suitably used. Although the con-
centration varies depending on the material, it is prefer-
able that the concentration is set so that 10 to 50 mass%
of the resin polymer is contained in the polymer solution
which does not contain the drug. The solvent used for
dissolution may not be warm water as long as the solvent
is volatile, and methyl ethyl ketone (MEK), alcohol, or the
like may be used. In addition, it is possible to dissolve
the drug, which is supplied into the body according to the
application, in the solution of the polymer resin. The pol-
ymer concentration of the polymer solution containing
the drug (the concentration of the polymer excluding the
drug in a case where the drug itself is a polymer) is pref-
erably 0 to 30 mass%.
[0070] As a method of preparing the polymer solution,
in a case where a water-soluble polymer (such as gelatin)
is used, a water-soluble powder may be dissolved in wa-
ter and the drug may be added after the dissolution. Oth-
erwise, a powder of a water-soluble polymer may be dis-
solved in a liquid in which the drug is dissolved. In a case
where it is difficult to dissolve the polymer in water, heat-
ing may be performed for dissolution. The temperature
can be appropriately selected depending on the kind of
the polymer material, and it is preferable that heating is
performed at a temperature of about 60°C or lower. For
the solution containing the drug, the viscosity of the so-
lution of the polymer resin is preferably 100 Pa·s or less,
and more preferably 10 Pa·s or less. For a solution which
does not contain a drug, the viscosity is preferably 2000
Pa·s or less, and more preferably 1000 Pa·s or less. By
appropriately adjusting the viscosity of the solution of the
polymer resin, injecting the solution into a needle-like re-
cess of a mold is facilitated. For example, the viscosity

of the solution of the polymer resin can be measured with
a capillary viscometer, a falling ball viscometer, a rota-
tional viscometer, or a vibrational viscometer.
[0071] The drug to be contained in the polymer solution
is not limited as long as the drug has a function as a drug.
Particularly, the drug is preferably selected from pep-
tides, proteins, nucleic acids, polysaccharides, vaccines,
pharmaceutical compounds belonging to water-soluble
low molecular compounds, or cosmetic ingredients.
[0072] As a method of injecting the solution of the resin
polymer into the second mold 80 or the second assem-
bled mold, for example, application using a spin coater
may be employed. In a case where the second assem-
bled mold 90 is used for the manufacturing, it is conceiv-
able that regarding the injection of the solution, the so-
lution is added dropwise by a dispenser or the like only
to the region where the recessed shapes 82 of the second
assembled mold 90 are formed.
[0073] In a case where the through-holes 84 are pro-
vided at the distal ends of the recessed shapes 82 of the
second mold 80, air in the recessed shapes 82 can be
released through the through-holes 84 when the solution
is injected into the recessed shapes 82. Therefore, the
solution can be easily incorporated into the recessed
shapes 82 of the second mold 80 or the second assem-
bled mold 90. This process is desirably performed in a
reduced pressure state.
[0074] After manufacturing the pattern sheet 100
which is the inverted shape of the second assembled
mold 90, as illustrated in (D) of Fig. 2, the pattern sheets
110 having the protruding pattern 102 formed therein as
a duplicate of the plate precursor 10 can be manufactured
by cutting the pattern sheet 100.
[0075] The shape of the protrusion of the manufactured
pattern sheet 110 is not particularly limited as long as the
distal end thereof has a tapered shape, and examples of
the shape include a conical shape, a triangular pyramid
shape, and a square pyramid shape. The shape can also
be formed of a needle portion having a tapered shape
and a frustum portion connected to the needle portion.
[0076] In a case where the pattern sheet 110 is a micro-
needle, the drug is preferably contained in the protruding
pattern 102. The protruding pattern 102 may be formed
of a drug layer containing a drug and a polymer layer that
does not contain a predetermined amount of the drug. In
a case where the drug is mixed in the pattern sheet, by
forming the drug layer at the distal end of the protruding
pattern 102, the drug can be efficiently delivered into the
skin. The polymer layer is formed in a portion of the pro-
truding pattern 102 excluding the drug layer. For exam-
ple, the needle portion may be formed of the drug layer,
and the frustum portion may be formed of the polymer
layer. Alternatively, distribution of the drug layer and the
polymer layer in the needle portion and the frustum por-
tion may be appropriately set.
[0077] The height of the protrusion of the protruding
pattern is in a range of 100 mm to 2000 mm, and preferably
in a range of 200 mm to 1500 mm.
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[0078] Since the protruding pattern 102 of the manu-
factured pattern sheet 110 is a duplicate of the protruding
pattern 12 of the plate precursor 10, the protruding pat-
tern 102 of the pattern sheet 110 can have a desired
shape by causing the shape of the protruding pattern 12
of the plate precursor 10 to have a desired shape.
[0079] According to the pattern sheet 110 manufac-
tured by the above-described method, a plurality of the
second molds 80 or the second assembled molds 90 are
produced using the single plate precursor 10, and the
pattern sheets 110 are manufactured using the second
molds 80 or the second assembled molds 90. Accord-
ingly, the costs of the plate precursor 10 can be reduced,
and the manufacturing costs of the pattern sheets 110
can be reduced. In addition, by manufacturing a large
number of the pattern sheets 110 using the single plate
precursor 10, the pattern sheets 110 can be manufac-
tured with good reproducibility.

Explanation of References

[0080]

10: plate precursor
12, 72, 82, 102: protruding pattern
20: first mold
22: recessed shape
24, 86: surface on which recessed shape is formed
26: surface on opposite side
30: first substrate
32: frame
34: opening
36: spacer
40, 42: adhesive
50: second substrate
60: first assembled mold
70: electroform
80: second mold
84: through-hole
90: second assembled mold
100, 110: pattern sheet

Claims

1. A manufacturing method of a pattern sheet compris-
ing:

a process of producing, using a plate precursor
having a protruding pattern formed therein, a
plurality of first molds having a recessed shape,
which is an inverted shape of the protruding pat-
tern, from a resin;
a process of producing a plurality of metallic
electroforms having the protruding pattern
formed therein by electroforming using the first
mold;
a process of producing a plurality of second

molds having a recessed shape, which is an in-
verted shape of the protruding pattern, from a
resin using the electroform; and
a process of manufacturing a pattern sheet hav-
ing the protruding pattern formed therein using
the second mold.

2. The manufacturing method of a pattern sheet ac-
cording to claim 1, further comprising
after the process of producing the plurality of first
molds, a process of producing a first assembled mold
by joining the plurality of first molds to increase an
area of surfaces of the first molds on which the re-
cessed shapes are formed.

3. The manufacturing method of a pattern sheet ac-
cording to claim 1 or 2,
wherein the plate precursor is processed by machin-
ing.

4. The manufacturing method of a pattern sheet ac-
cording to any one of claims 1 to 3,
wherein the resin forming the second mold is a sili-
cone resin or a thermoplastic resin.

5. The manufacturing method of a pattern sheet ac-
cording to any one of claims 1 to 4,
wherein a material of the pattern sheet is a water-
soluble material.

6. The manufacturing method of a pattern sheet ac-
cording to any one of claims 1 to 5,
wherein the resin forming the first mold is an ultravi-
olet curable resin or a thermoplastic resin.

7. The manufacturing method of a pattern sheet ac-
cording to any one of claims 1 to 6,
wherein the second mold is provided with a through-
hole at a distal end of the recessed shape.

8. The manufacturing method of a pattern sheet ac-
cording to any one of claims 1 to 7, further comprising
after the process of producing the plurality of second
molds, a process of producing a second assembled
mold by joining the plurality of second molds to in-
crease an area of surfaces of the second molds on
which the recessed shapes are formed.
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