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(57) ABSTRACT

This invention aims to provide a novel laminate in which a
first layer is formed with high positional accuracy, and to
provide a manufacturing method thereof. In the laminate of

(51) Int. CL this invention, a relief structure forming layer includes a first
B32B 3/30 (2006.01) region having an indented structure extending in a first
G02B 5/18 (2006.01) direction or a direction tilted by an angle within 10 degrees
G02B 5/02 (2006.01) to the left or right from the first direction in a plan view, and
B42D 25/16 (2006.01) a second region including an indented structure extending in
B42D 25/455 (2006.01) a second direction orthogonal to the first direction or a
B42D 25/445 (2006.01) direction tilted by an angle within 65 degrees to the left or
B42D 25/373 (2006.01) right from the second direction in a plan view. The first layer
B42D 25/324 (2006.01) contains a first material which is different from a material of
B42D 25/328 (2006.01) the relief structure forming layer, and has a surface shape
B32B 3/02 (2006.01) corresponding to that of the relief structure forming layer.
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LAMINATE COMPRISING A RELIEF
STRUCTURE FORMING LAYER AND A
MANUFACTURING METHOD FOR SAME

[0001] This application is a divisional of U.S. application
Ser. No. 15/577,279, filed on Nov. 27, 2017, which is a 35
U.S.C. 371 filing of International Application No. PCT/
JP2016/002688, filed on Jun. 2, 2016, which claims priority
to Japanese Application No. JP 2015-112623, filed on Jun.
2, 2015, all of which are incorporated verbatim herein by
reference in their entirety, including the specifications, draw-
ings, and the claims.

TECHNICAL FIELD

[0002] Present invention relates to a laminate, and more
specifically, to a laminate having a forgery prevention effect,
a decorative effect, and/or an aesthetic effect.

BACKGROUND ART

[0003] Banknotes, securities, certificates, brand products,
personal authentication media, and the like are expected to
be forgery-proof. To this end, laminate(s) having an excel-
lent forgery prevention effect may be attached to those items
as appropriate.

[0004] Most of the laminates include a microstructure
such as a diffraction grating, a hologram, a lens array, and a
scattering structure. These microstructures are hard to ana-
lyze. And, to manufacture the laminates including one of
these microstructures requires costly manufacturing equip-
ment such as an electron beam lithography system. In
consequence, the laminates can present an excellent forgery
prevention effect.

[0005] Each of these laminates usually includes a relief
structure forming layer with a principal surface that includes
the microstructure, and a reflective layer provided thereon.
In this case, the reflective layer in the form of a pattern may
be provided only on part of the principal surface so as to
further enhance the forgery prevention effect. For instance,
a pattern in the form of micro characters that emit diffracted
light is obtained by providing the reflective layer on the
principal surface such that the contours of the reflective
layer form the micro characters.

[0006] PTL 1 adopts the following method in order to
form a reflective layer with high positional accuracy.
[0007] First, a relief structure forming layer is prepared
which includes a “first region” that is provided with an
indented structure having a high depth-to-width ratio, and a
“second region” that is either flat or provided with an
indented structure having a lower depth-to-width ratio. Next,
a metal reflective layer is formed at a uniform surface
density on this relief structure forming layer with a vacuum
deposition method. Thereafter, a material having resistance
to an etchant to etch the metal reflective layer is deposited
at a uniform surface density with the vacuum deposition
method, thus providing a “second layer”. Subsequently, a
laminate thus obtained is subjected to an etching treatment.
[0008] Of the “second layer”, a portion corresponding to
the “first region” is permeable to the etchant because a
deposited film thereon is either a discontinuous film or a
porous film, which is attributed to the indented structure
having the high depth-to-width ratio. On the other hand, of
the “second layer”, a portion corresponding to the “second
region” is not permeable to the etchant because the portion
is either flat or provided with the indented structure having
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the lower depth-to-width ratio, and thus a deposited film
thereon is a uniform continuous film.

[0009] Accordingly, by immersion of the obtained lami-
nate in the etchant, only the portion of the metal reflective
layer corresponding to the “first region” can be etched and
removed. In other words, the metal reflective layer can be
formed only in the “second region”.

[0010] This manufacturing process has advantages in light
of cost and productivity from the viewpoint that the metal
reflective layer can be formed with high positional accuracy
while requiring no exposure processes on a photosensitive
layer.

CITATION LIST

Patent Literature

[0011] PTL 1: Japanese Patent Laid-Open No. 2012-
63738
SUMMARY OF INVENTION
Technical Problem
[0012] However, according to the method of PTL 1, the

“metal reflective layer” can be left only in the region (the
“second region”) provided with the indented structure hav-
ing the lower depth-to-width ratio by use of the difference in
depth-to-width ratio between the indented structures in the
respective regions as described above. To put it another way,
it is difficult to leave the “metal reflective layer” at a portion
with an indented structure having a higher depth-to-width
ratio.

[0013] Meanwhile, according to the method of PTL 1, in
order to provide the “metal reflective layer” on the indented
structure having the high depth-to-width ratio, it is necessary
to provide an indented structure having an even higher
depth-to-width ratio in the “first region”. Generally, a thick-
ness of an end product needs to be increased in order to
provide an indented structure having a high depth-to-width
ratio. For example, when the indented structure in the “first
region” with the high depth-to-width ratio is produced using
an imprinting method, it is necessary to provide a mold layer
with a thickness of from about five to ten times as large as
a desired depth.

[0014] For this reason, when producing the indented struc-
ture having the high depth-to-width ratio, a finished laminate
may have a large thickness and cause problems of a high cost
and the like.

[0015] In view of the above, there is a demand for devel-
oping a novel method of manufacturing a laminate which
does not rely on the difference in depth-to-width ratio
between the indented structures.

[0016] An object of present invention is to provide a novel
laminate in which a first layer is formed with high positional
accuracy, and to provide a manufacturing method thereof.

Solution to Problem

[0017] A laminate of present invention includes: a relief
structure forming layer having a principal surface including
first and second regions; and a first layer provided either
only in the second region or in the second region as well as
in part of the first region of the relief structure forming layer.
The relief structure forming layer includes the first region
having an indented structure extending in a first direction or
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a direction tilted by an angle within 10 degrees to left or right
from the first direction in a plan view, and the second region
having at least one of a flat surface and an indented structure
extending in a second direction orthogonal to the first
direction or a direction tilted by an angle within 65 degrees
to left or right from the second direction in a plan view. The
first layer contains a first material different from a material
of the relief structure forming layer, and has a surface shape
corresponding to a surface shape of the relief structure
forming layer.

[0018] A method of present invention includes the method
of manufacturing a laminate including a relief structure
forming layer having a principal surface including first and
second regions, and a first layer provided either only in the
second region or in the second region as well as in part of
the first region of the relief structure forming layer. The
method includes: a step (a) of forming the relief structure
forming layer including the first region having an indented
structure extending in a first direction or a direction tilted by
an angle within 10 degrees to left or right from the first
direction in a plan view, and the second region having at
least one of a flat surface and an indented structure extending
in a second direction orthogonal to the first direction or a
direction tilted by an angle within 65 degrees to left or right
from the second direction in a plan view; a step (b) of
forming a first material laminate having a surface shape
corresponding to a surface shape of the relief structure
forming layer, by depositing a first material different from a
material of the relief structure forming layer in first and
second regions of the relief structure forming layer; a step
(c) of locating the first material laminate in a vapor-phase
deposition apparatus such that the first direction in the step
(a) coincides with a direction of conveyance of the first
material laminate; a step (d) of forming a second material
laminate by conveying the located first material laminate
and performing vapor-phase deposition of a second material
different from the first material from an oblique direction
onto a surface of the first material laminate on which the first
material is deposited; a step (e) of forming a laminate
including the first layer and a second layer in this order, the
layers being provided either only in the second region or in
the second region and in part of the first region of the relief
structure forming layer, by exposing the second material
laminate to a reactive gas or a reactive liquid being reactive
with the first material; and a step (f) of removing the second
layer from the laminate formed in the step (e).

[0019] A method of present invention includes the method
of manufacturing a laminate including a relief structure
forming layer having a principal surface including first and
second regions, and a first layer and a second layer provided
in this order either only in the second region or in the second
region as well as in part of the first region of the relief
structure forming layer. The method includes: a step (a) of
forming the relief structure forming layer including the first
region having an indented structure extending in a first
direction or a direction tilted by an angle within 10 degrees
to left or right from the first direction in a plan view, and the
second region having at least one of a flat surface and an
indented structure extending in a second direction orthogo-
nal to the first direction or a direction tilted by an angle
within 65 degrees to left or right from the second direction
in a plan view; a step (b) of forming a first material laminate
having a surface shape corresponding to a surface shape of
the relief structure forming layer, by depositing a first
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material different from a material of the relief structure
forming layer in first and second regions of the relief
structure forming layer; a step (c¢) of locating the first
material laminate in a vapor-phase deposition apparatus
such that the first direction in the step (a) coincides with a
direction of conveyance of the first material laminate; a step
(d) of forming a second material laminate by conveying the
located first material laminate and performing vapor-phase
deposition of a second material different from the first
material from an oblique direction onto a surface of the first
material laminate on which the first material is deposited;
and a step (e) of exposing the second material laminate to a
reactive gas or a reactive liquid being reactive with the first
material.

Advantageous Effects of Invention

[0020] The laminate of present invention includes the first
layer (a functional layer) with high positional accuracy, and
therefore it can be used as a component for various appli-
cations such as an optical element and an electronic circuit.
Moreover, according to present invention, it is possible to
provide the first layer at a desired position with high
accuracy without using a difference in depth-to-width ratio
of the indented structures in the respective regions.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1A is an external view schematically showing
a laminate according to a first embodiment of present
invention;

[0022] FIG. 1B is a plan view of the laminate shown in
FIG. 1A;
[0023] FIG. 1C is a cross-sectional view taken along the

IC-IC line in FIG. 1B;

[0024] FIG. 1D is a cross-sectional view taken along the
ID-ID line in FIG. 1B;

[0025] FIG. 2 includes schematic cross-sectional views
sequentially showing steps of a manufacturing method of a
laminate according to the first embodiment of present inven-
tion, in which FIG. 2(a) is a cross-sectional view for
explaining a step of forming a relief structure forming layer,
FIG. 2(b) is a cross-sectional view for explaining a step of
forming a first material laminate, FIG. 2(c) is a cross-
sectional view for explaining a step of locating the first
material laminate in a vapor-phase deposition apparatus,
FIG. 2(d) is a cross-sectional view for explaining a step of
forming a second material laminate, FIG. 2(e) is a cross-
sectional view for explaining a step of forming a laminate by
sequentially forming a first layer and a second layer in a
second region of the relief structure forming layer, and FIG.
2(f) is a cross-sectional view for explaining a step of
removing the second layer;

[0026] FIG. 3A is a schematic cross-sectional view show-
ing an example of a vapor deposition apparatus in which the
first material laminate is located;

[0027] FIG. 3B includes schematic diagrams showing
aspects of a deposited surface in a first region when the first
material laminate are passed through positions (1), (2), and
(3) in FIG. 3A,;

[0028] FIG. 3C includes schematic diagrams showing
aspects of a deposited surface in a second region when the
first material laminate are passed through the positions (1),
(2), and (3) in FIG. 3A;
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[0029] FIG. 4A is an estimated view showing a cross
section of the form of deposition of a second material in the
first region;

[0030] FIG. 4B is an estimated view showing a cross
section of the form of deposition of the second material in
the second region;

[0031] FIG. 5 is a schematic plan view showing a laminate
according to a second embodiment of present invention;
[0032] FIG. 6 is a schematic plan view showing a laminate
according to a third embodiment of present invention;
[0033] FIG. 7 is a schematic plan view showing a laminate
according to a fourth embodiment of present invention;
[0034] FIG. 8A is a schematic plan view showing a
laminate according to a fifth embodiment of present inven-
tion;

[0035] FIG. 8B is a cross-sectional view taken along the
VIIIB-VIIIB line in FIG. 8A;

[0036] FIG. 9A is a plan view schematically showing a
structure in which multiple straight recessed portions extend
in a first direction and pitches of the recessed portions are
not constant;

[0037] FIG. 9B is a cross-sectional view taken along the
IXB-IXB line in FIG. 9A;

[0038] FIG. 10A is a plan view schematically showing a
structure in which recessed portions extending in the first
direction are arranged at random;

[0039] FIG. 10B is a cross-sectional view taken along the
XB-XB line in FIG. 10A;

[0040] FIG. 11A is a plan view schematically showing a
structure in which multiple straight recessed portions extend
discontinuously in the first direction;

[0041] FIG. 11B is a cross-sectional view taken along the
XIB-XIB line in FIG. 11A;

[0042] FIG. 12A is a plan view schematically showing a
structure in which multiple straight recessed portions extend
in a second direction and pitches of the recessed portions are
not constant;

[0043] FIG. 12B is a cross-sectional view taken along the
XIIB-XIIB line in FIG. 12A;

[0044] FIG. 13A is a plan view schematically showing a
structure in which recessed portions extending in the second
direction are arranged at random;

[0045] FIG. 13B is a cross-sectional view taken along the
XIIIB-XIIIB line in FIG. 13A;

[0046] FIG. 14A is a plan view schematically showing a
structure in which multiple straight recessed portions extend
discontinuously in the second direction;

[0047] FIG. 14B is a cross-sectional view taken along the
XIVB-XIVB line in FIG. 14A;

[0048] FIG. 15A is a plan view schematically showing a
flat surface including recessed portions;

[0049] FIG. 15B is a cross-sectional view taken along the
XVB-XVB line in FIG. 15A;

[0050] FIG. 16A is a plan view schematically showing a
flat surface including combination of two types of recessed
portions;

[0051] FIG. 16B is a cross-sectional view taken along the
XVIB-XVIB line in FIG. 16A;

[0052] FIG. 17A is a plan view showing a modified
example of FIG. 15A; and

[0053] FIG. 17B is a cross-sectional view taken along the
XVIIB-XVIIB line in FIG. 17A.
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DESCRIPTION OF EMBODIMENTS

[0054] Embodiments of present invention will be
described below in detail. While reference is made to the
drawings, as appropriate, in conjunction with the following
description, embodiments illustrated in the drawings repre-
sent mere examples of present invention and this invention
is not limited to the embodiments illustrated in these draw-
ings. Note that in the drawings, constituents configured to
exert identical or similar functions are denoted by identical
reference signs and overlapping descriptions may be omitted
as appropriate. In addition, dimensional ratios in the draw-
ings may be exaggerated for the convenience of explanation
and therefore be different from actual ratios.

First Embodiment

[0055] To begin with, a first embodiment of present inven-
tion will be described.

[0056] <Laminate>

[0057] A laminate according to a first embodiment of

present invention includes: a relief structure forming layer
having a principal surface including first and second regions;
and a first layer provided either only in the second region of
the relief structure forming layer or in the second region as
well as in part of the first region thereof. The relief structure
forming layer includes: the first region having an indented
structure extending in a first direction or a direction tilted by
an angle within 10 degrees to the left or right from the first
direction in a plan view; and the second region having an
indented structure extending in a second direction orthogo-
nal to the first direction or a direction tilted by an angle
within 65 degrees to the left or right from the second
direction, and/or a flat surface in a plan view. The first layer
contains a first material which is different from a material of
the relief structure forming layer, and has a surface shape
corresponding to a surface shape of the relief structure
forming layer.

[0058] FIG. 1A is an external view schematically showing
a laminate according to a first embodiment of present
invention. FIG. 1B is a plan view of the laminate shown in
FIG. 1A. FIG. 1C is a cross-sectional view taken along the
IC-IC line in FIG. 1B. FIG. 1D is a cross-sectional view
taken along the ID-ID line in FIG. 1B. In FIGS. 1A to 1D,
directions that are parallel to a principal surface of the
laminate and are orthogonal to each other are defined as an
x direction and a y direction, respectively, while a direction
perpendicular to the principal surface of the laminate is
defined as a z direction.

[0059] A laminate 10 exemplarily shown in FIG. 1A
includes a relief structure forming layer 2 having a principal
surface that includes a first region R1 and a second region
R2, and a first layer 4 provided in the second region R2 of
the relief structure forming layer 2. Present invention is not
limited to this. The first layer 4 maybe provided in part of the
first region R1 of the relief structure forming layer 2.
Meanwhile, the first layer 4 does not always have to be
provided in the entire second region R2 of the relief structure
forming layer 2. Further, the laminate 10 of present inven-
tion may include a second layer (not shown) which covers
at least the first layer 4.

[0060] Now, the relief structure forming layer 2, the first

layer 4, and the second layer as an optional layer constituting
the laminate 10 will be described below.
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[0061]

[0062] The relief structure forming layer 2 includes a fine
indented structure in the first region R1 and on one of its
principal surfaces.

[0063] In the example of the laminate 10 shown in FIG.
1A, the indented structure extends in the first direction in the
first region R1 as shown in FIG. 1B. In the laminate 10 of
present invention, the indented structure may extend in the
first region R1 not only in the first direction but also in a
direction tilted by an angle within 10 degrees to the left or
right from the first direction. The first direction typically
coincides with a direction of conveyance of a first material
laminate 20 as defined in a step (c¢) in a manufacturing
method of the laminate 10 of present invention to be
described later.

[0064] Alternatively, the indented structure may extend in
the first region R1 not only in one direction but also in two
or more directions as long as each of the directions of
extension is either the first direction or a direction tilted by
an angle within 10 degrees to the left or right from the first
direction. Meanwhile, the indented structure may have a
cross-grating structure (a lattice structure) in a plan view.
The indented structure may extend discontinuously.

[0065] In this specification, an expression “a degrees to
the left or right” for defining directions of extension of the
indented structure may be indicated as “+a degrees”. Mean-
while, an expression “o. degrees to the right” may be
indicated as “+c. degrees” or “a. degrees”, and an expression
“a. degrees to the left” may be indicated as “—c. degrees” as
appropriate. Moreover, a certain direction of extension and
a direction of extension obtained by adding 180 degrees to
the certain direction of extension are deemed to be identical
to each other.

[0066] The indented structure provided in the first region
R1 is formed from a recessed structure and/or a projecting
structure, or more typically from multiple recessed struc-
tures and/or multiple projecting structures. Pitches of such
multiple recessed portions and/or multiple projecting por-
tions may be either constant or not constant. In this speci-
fication, the “pitch” of the recessed portions and the “pitch”
of the projecting portions mean a center-to-center distance
of two recessed portions adjacent to each other and a
center-to-center distance of two projecting portions adjacent
to each other, respectively. FIG. 1C shows an example of
providing multiple recessed portions (grooves) arranged at a
constant pitch. These multiple recessed portions typically
constitute a diffraction structure that emits diffracted light
when illuminated with white light. In the laminate 10 of
present invention, the pitches of the recessed portions or the
projecting portions in the first region R1 may be set in a
range from 0.1 um to 3.0 um, for example.

[0067] A cross section perpendicular to the direction of
extension of the indented structure can take the form of a
V-shape, au-shape (a sinusoidal curve shape), a tapered
shape such as a trapezoidal shape, or a rectangular shape, for
instance. As an example, FIG. 1C depicts the case where the
cross-sectional shape is the U-shape.

[0068] A depth of each recessed portion or a height of each
projecting portion can be set in a range from 0.02 um to 1.5
um, for example.

[0069] An average value of a ratio of either the depth of
the recessed portion or the height of the projecting portion

(Relief Structure Forming Layer)
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to the pitch thereof (hereinafter also simply referred to as an
“aspect ratio”) can be set equal to or below 3.0 or typically
in a range from 1.0 to 0.15.

[0070] While the indented structure provided in the first
region R1 has been described above with reference to FIGS.
1B and 1C, present invention also encompasses structures
shown in FIGS. 9A to 11B as the indented structures to be
provided in the first region R1.

[0071] FIG. 9A is a plan view schematically showing a
structure in which multiple straight recessed portions
(grooves) extend in the first direction and pitches of the
recessed portions are not constant, and FIG. 9B is a cross-
sectional view taken along the IXB-IXB line in FIG. 9A. In
order to facilitate the understanding of the indented struc-
ture, the recessed portions (the grooves) are blackened in
FIG. 9A.

[0072] The pitches in the structure including the recessed
portions with the non-constant pitches as shown in FIG. 9A
are not limited to particular pitches. For example, the pitches
can vary in a range from 0.1 to 3.0 pm or preferably in a
range from 0.4 to 0.7 um.

[0073] A distance between two adjacent recessed portions
is preferably set in a range from 0.1 to 10 times as large as
the width of each recessed portion.

[0074] The depth of each recessed portion can be set in a
range from 0.02 to 1.5 um, for example.

[0075] The average values of the ratio of the depth of the
recessed portion to the pitch thereof can be set equal to or
below 3.0 or typically in a range from 1.0 to 0.15.

[0076] FIG. 10A is a plan view schematically showing a
structure in which the recessed portions (the grooves)
extending in the first direction are arranged at random, and
FIG. 10B is a cross-sectional view taken along the XB-XB
line in FIG. 10A. In order to facilitate the understanding of
the indented structure, the recessed portions (the grooves)
are blackened in FIG. 10A.

[0077] As shown at a right end in FIG. 10A, the shape of
each recessed portion is typically rectangular in a plan view,
of which long sides and short sides extend along the first
direction and the second direction, respectively. A ratio of
the long side to the short side is preferably equal to or above
2

[0078] As shown in FIG. 10A, some rectangular recessed
portions may be partially combined with one another in a
plan view so as to collectively form a polygonal recessed
portion in a plan view. In this case, in terms of a contour of
such a polygon, a sum of lengths of sides along the first
direction is preferably set twice or more as much as a sum
of lengths of sides along the second direction. Here, the
contour of the polygon means a contour of the recessed
portion formed by cutting the recessed portion out along an
X-Y plane at its average depth.

[0079] FIG. 11A is a plan view schematically showing a
structure in which the straight recessed portions (the
grooves) extend discontinuously (intermittently) in the first
direction, and FIG. 11B is a cross-sectional view taken along
the XIB-XIB line in FIG. 11A. In order to facilitate the
understanding of the indented structure, the recessed por-
tions (the grooves) are blackened in FIG. 11A.

[0080] In this structure, the pitches of the recessed por-
tions in the second direction are set in a range from 0.1 to
3.0 um or preferably in a range from 0.4 to 0.7 um, which
may be either constant or not constant.
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[0081] As shown in FIG. 11A, the shape of each recessed
portion is typically rectangular in a plan view, of which long
sides and short sides extend along the first direction and the
second direction, respectively. A ratio of the long side to the
short side is preferably equal to or above 2.

[0082] Meanwhile, it is preferable that an interval between
two of the recessed portions in the first direction be suffi-
ciently smaller than the width (the short side of the rect-
angle) of each recessed portion, which is defined to be equal
to or below Y2, for example. While a lower limit of the
interval between the recessed portions is not limited to a
particular value, the lower limit may be set equal to or above
Y10 in view of the ease of manufacture.

[0083] The depth of each recessed portion can be set in a
range from 0.02 to 1.5 um, for example.

[0084] The average values of the ratio of the depth of the
recessed portion to the pitch thereof can be set equal to or
below 3.0 or typically in a range from 1.0 to 0.15.

[0085] In the above explanation made with reference to
FIGS. 9A to 11B, the direction of extension of the recessed
portions is defined as the first direction. However, present
invention is not limited to this, and each recessed portion
may extend in a direction tilted by an angle within 10
degrees to the left or right from the first direction. In
addition, the above description of the recessed portions can
replace the description of the projecting portions.

[0086] The relief structure forming layer 2 includes a fine
indented structure and/or a flat surface in the second region
R2 to be provided on the one principal surface thereof.

[0087] In the example of the laminate 10 shown in FIG.
1B, the indented structure extends in the second direction,
which is orthogonal to the first direction, in the second
region R2. In the laminate 10 of present invention, the
indented structure may extend in the second region R2 not
only in the second direction but also in a direction tilted by
an angle within 65 degrees to the left or right from the
second direction.

[0088] Alternatively, the indented structure may extend in
the second region R2 not only in one direction but also in
two or more directions as long as each of the directions of
extension is either the second direction or a direction tilted
by an angle within 65 degrees to the left or right from the
second direction. Meanwhile, the indented structure may
have a cross-grating structure (a lattice structure) in a plan
view. In the meantime, the indented structure may extend
discontinuously.

[0089] The indented structure provided in the second
region R2 is formed from a recessed structure and/or a
projecting structure, or more typically from multiple
recessed structures and/or multiple projecting structures.
Pitches of such multiple recessed portions and/or multiple
projecting portions may be either constant or not constant.
FIG. 1D shows an example of providing multiple recessed
portions arranged at a constant pitch. These multiple
recessed portions typically constitute a diffraction structure
that emits diffracted light when illuminated with white light.
The pitches of the recessed portions or the projecting
portions in the second region R2 may be set in a range from
0.1 um to 3.0 um, for example.

[0090] A cross section perpendicular to the direction of
extension of the indented structure can take the form of a
V-shape, au-shape (a sinusoidal curve shape), a tapered
shape such as a trapezoidal shape, or a rectangular shape, for
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instance. As an example, FIG. 1D depicts the case where the
cross-sectional shape is the U-shape.

[0091] A depth of each recessed portion or a height of each
projecting portion can be set in a range from 0.02 um to 1.5
um, for example.

[0092] An aspect ratio of the indented structure provided
in the second region R2 can be set preferably equal to or
below 1.0, more preferably equal to or below 0.8, or even
more preferably equal to or below 0.5. Moreover, this aspect
ratio can also be set no more than twice as large as the aspect
ratio of the indented structure provided in the first region R1.
[0093] While the indented structure provided in the second
region R2 has been described above with reference to FIGS.
1B and 1D, present invention also encompasses structures
shown in FIGS. 12A to 14B as indented structures to be
provided in the second region R2.

[0094] FIG. 12A is a plan view schematically showing a
structure in which multiple straight recessed portions
(grooves) extend in the second direction and pitches of the
recessed portions are not constant, and FIG. 12B is a
cross-sectional view taken along the XIIB-XIIB line in FIG.
12A. In order to facilitate the understanding of the indented
structure, the recessed portions (the grooves) are blackened
in FIG. 12A.

[0095] The pitches in the structure including the recessed
portions with the non-constant pitches as shown in FIGS.
12A and 12B are not limited to particularly pitches. For
example, the pitches can vary in a range from 0.1 to 3.0 um
or preferably in a range from 0.4 to 0.7 pm.

[0096] The depth of each recessed portion can be set in a
range from 0.02 to 1.5 um, for example.

[0097] The average values of the ratio of the depth of the
recessed portion to the pitch thereof can be set equal to or
below 3.0 or typically in a range from 1.0 to 0.15.

[0098] FIG. 13A is a plan view schematically showing a
structure in which the recessed portions (the grooves)
extending in the second direction are arranged at random,
and FIG. 13B is a cross-sectional view taken along the
XIIB-XIIIB line in FIG. 13A. In order to facilitate the
understanding of the indented structure, the recessed por-
tions (the grooves) are blackened in FIG. 13A.

[0099] As shown at a lower end in FIG. 13 A, the shape of
each recessed portion is typically rectangular in a plan view,
of which short sides and long sides extend along the first
direction and the second direction, respectively. A ratio of
the long side to the short side is preferably equal to or above
1.5.

[0100] As shown in FIG. 13A, some rectangular recessed
portions may be partially combined with one another in a
plan view so as to collectively form a polygonal recessed
portion in a plan view. In this case, in terms of a contour of
such a polygon, a sum of lengths of sides along the first
direction is preferably set 1.5 times or more as much as a
sum of lengths of sides along the second direction. Here, the
contour of the polygon means a contour of the recessed
portion formed by cutting the recessed portion out along an
X-Y plane at its average depth.

[0101] FIG. 14A is a plan view schematically showing a
structure in which the straight recessed portions (the
grooves) extend discontinuously (intermittently) in the sec-
ond direction, and FIG. 14B is a cross-sectional view taken
along the XIVB-XIVB line in FIG. 14A. In order to facilitate
the understanding of the indented structure, the recessed
portions (the grooves) are blackened in FIG. 14A.
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[0102] In this structure, the pitches of the recessed por-
tions in the first direction are set in a range from 0.1 to 3.0
um or preferably in a range from 0.4 to 0.7 um, which may
be either constant or not constant.

[0103] The depth of each recessed portion can be set in a
range from 0.02 to 1.5 um, for example.

[0104] The average values of the ratio of the depth of the
recessed portion to the pitch thereof can be set equal to or
below 3.0 or typically in a range from 1.0 to 0.15.

[0105] As shown in FIG. 14A, the shape of each recessed
portion is typically rectangular in a plan view, of which short
sides and long sides extend along the first direction and the
second direction, respectively. A ratio of the long side to the
short side is preferably equal to or above 1.5.

[0106] In the above explanation made with reference to
FIGS. 12A to 14B, the direction of extension of the recessed
portions is defined as the second direction. However, present
invention is not limited to this, and each recessed portion
may extend in a direction tilted by an angle within 65
degrees to the left or right from the second direction. In
addition, the above description of the recessed portions can
replace the description of the projecting portions.

[0107] Furthermore, the relief structure forming layer 2
may include any of flat surfaces described below, which are
provided in the second region R2.

[0108] FIGS. 15Ato 17B are schematic diagrams showing
modified examples of flat surfaces to be provided in the
second region R2. The recessed portions are blackened in
FIGS. 15A, 16A, and 17A.

[0109] FIG. 15A is a plan view schematically showing a
flat surface including recessed portions, and FIG. 15B is a
cross-sectional view taken along the XVB-XVB line in FIG.
15A. In this example, an outer shape of each recessed
portion is a square in a plan view as shown in FIG. 15A.
However, present invention is not limited to this configura-
tion, and a rectangle, a circle, and the like are also included,
for instance. When the outer shape of each recessed portion
is a rectangle, a ratio of length of a side along the first
direction to a side along the second direction is preferably
set in a range from 0.66 to 1.5.

[0110] Although the pitches of the adjacent recessed por-
tions are not constant in the example of FIG. 15A, the
pitches may be constant instead. The pitches of the adjacent
recessed portions are preferably equal to or above 0.2 um.
[0111] A depth of each recessed portion can be set in a
range from 0.1 to 5 um, for example. These depths may be
either constant or not constant.

[0112] An average value of a ratio of the depth of the
recessed portion to the pitch thereof can be set equal to or
below 1.0 or typically equal to or below 0.5.

[0113] FIG. 16A is a plan view schematically showing a
flat surface including combination of two types of recessed
portions, and FIG. 16B is a cross-sectional view taken along
the XVIB-XVIB line in FIG. 16A.

[0114] In this example, an outer shape of the bottom
surface of each recessed portion is formed of two types of
squares in different sizes as shown in FIG. 16A, and poly-
gons are formed in part with the two types of squares
overlapping one another. In present invention, the outer
shape of the bottom surface of each recessed portion may
also be formed of combination of multiple types of squares,
rectangles, and circles in difference sizes.

[0115] When a polygon is formed by partial overlapping,
in terms of a contour of such a polygon, a sum of lengths of
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sides along the first direction is set preferably from 0.66 to
1.5 times, or more preferably one time as much as a sum of
lengths of sides along the second direction. Here, the con-
tour of the polygon means a contour of the recessed portion
formed by cutting the recessed portion out along an X-Y
plane at its average depth.

[0116] In the meantime, it is difficult to measure the
lengths of the sides along the first direction and the second
direction when the contour of the polygon is formed into a
rounded shape or the like. In this case, a section surrounded
by the contour of each recessed portion may be paved with
squares each having the area equivalent to a one-hundredth
of the area of this section, so that each of the sums of the
lengths of the sides along the first direction and the second
direction may be calculated approximately.

[0117] FIG. 17A is a plan view showing a modified
example of FIG. 15A, and FIG. 17B is a cross-sectional
view taken along the XVIIB-XVIIB line in FIG. 17A.

[0118] In the example shown in FIG. 15A, the recessed
portions each having the square outer shape of the bottom
surface do not overlap one another. On the other hand, in the
example shown in FIG. 17A, the recessed portions partially
overlap one another to form polygons. In present invention,
the outer shape of the bottom surfaces of the respective
recessed portions may include not only squares but also
rectangles, and circles.

[0119] When a polygon is formed by partial overlapping,
in terms of a contour of such a polygon, a sum of lengths of
sides along the first direction is set preferably from 0.66 to
1.5 times, or more preferably one time as much as a sum of
lengths of sides along the second direction. Here, the con-
tour of the polygon means a contour of the recessed portion
formed by cutting the recessed portion out along an X-Y
plane at its average depth. In the meantime, if the contour of
the polygon is formed into a rounded shape, a section
surrounded by the contour may be paved with squares each
having the area equivalent to a one-hundredth of the area of
this section, so that a ratio of the sum of the lengths of the
sides along the first direction to the sum of the lengths of the
sides along the second direction may be calculated approxi-
mately.

[0120] In the above explanation made with reference to
FIGS. 15A to 17B, the description of the recessed portions
can replace the description of the projecting portions.

[0121] A film thickness of the relief structure forming
layer 2 can be set equal to or below 3.0 um. In this
specification, the “film thickness” of a layer means an
average value of distances each between a point on one of
surfaces of the layer and a foot of a perpendicular extending
toward the other surface of the layer.

[0122] Materials and the like of the relief structure form-
ing layer 2 will be explained in detail in the section <Manu-
facturing Method of Laminate> to be described later.

[0123] (First Layer)

[0124] Though the first layer 4 is the layer provided on the
relief structure forming layer 2, this layer is not provided on
the entire surface of the relief structure forming layer 2 but
is provided either only in the second region R2 or in the
second region R2 and in part of the first region R1. In the
example of the laminate 10 shown in FIG. 1A, the first layer
4 is provided only in the second region R2 as shown in
FIGS. 1C and 1D.
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[0125] As shown in FIGS. 1C and 1D, the first layer 4 has
a shape that corresponds to a surface shape of the relief
structure forming layer 2.

[0126] The first layer 4 may take the form of various layers
depending on the usage of the laminate 10. For instance,
when the laminate 10 is used as an optical element, the first
layer 4 may be a reflective layer. When using the laminate
10 as an electronic circuit, the first layer 4 may be a
conductive layer.

[0127] A film thickness of the first layer 4 may vary
depending on the indented structure of the relief structure
forming layer 2, the usage of the laminate 10, and the like.
For instance, when the laminate 10 is used as an optical
element and the first layer 4 is a reflective layer, the film
thickness can be selected as appropriate while taking into
account a relief structure, reflectance, an optical effect, and
the like. When such a reflective layer is formed by use of
aluminum, the film thickness of the first layer 4 can be set
in a range from about 20 nm to 200 nm.

[0128] When the laminate 10 is used as an electronic
circuit and the first layer 4 is a circuit conductive layer, the
film thickness may be selected as appropriate while taking
into account a resistance value and the like. When such a
circuit conductive layer is formed by use of aluminum, the
film thickness can be set in a range from about 40 nm to 300
nm.

[0129] Materials and the like of the first layer 4 will be
explained in detail in the section <Manufacturing Method of
Laminate> to be described later.

[0130] (Second Layer)

[0131] The laminate 10 of present invention may include
the second layer. In this case, the second layer is provided in
such a way as to cover at least the first layer 4. The second
layer may or may not have such a surface shape that
corresponds to the surface shape of the relief structure
forming layer 2.

[0132] A film thickness of the second layer may vary
depending on the usage of the laminate 10. For instance,
when the laminate 10 is used as an optical element, the film
thickness may be set in a range from about 10 nm to 300 nm.
When the laminate 10 is used as an electronic circuit, the
film thickness may be set in a range from about 10 nm to 300
nm.

[0133] Materials and the like of the second layer will be
explained in detail in the section <Manufacturing Method of
Laminate> to be described later.

[0134] The above-described laminate 10 includes the first
layer 4 with high positional accuracy. For this reason, the
laminate 10 can be used, for example, as a component for an
optical element, an electronic circuit, and the like.

[0135] <Manufacturing Method of Laminate>

[0136] Next, a manufacturing method of a laminate
according to the first embodiment of present invention will
be described.

[0137] The manufacturing method of a laminate according
to the first embodiment of present invention includes: a step
(a) of forming a relief structure forming layer including a
first region including an indented structure extending in a
first direction or a direction tilted by an angle within 10
degrees to the left or right from the first direction in a plan
view, and a second region including an indented structure
extending in a second direction orthogonal to the first
direction or a direction tilted by an angle within 65 degrees
to the left or right from the second direction, and/or a flat
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surface in a plan view; a step (b) of forming a first material
laminate having a surface shape corresponding to a surface
shape of the relief structure forming layer, by depositing a
first material being different from a material of the relief
structure forming layer in first and second regions of the
relief structure forming layer; a step (c) of locating the first
material laminate in a vapor-phase deposition apparatus
such that the first direction mentioned in the step (a) coin-
cides with a direction of conveyance of the first material
laminate; a step (d) of forming a second material laminate by
conveying the located first material laminate and performing
vapor-phase deposition of a second material different from
the first material from an oblique direction onto a surface of
the first material laminate on which the first material is
deposited; a step (e) of forming a laminate including a first
layer and a second layer in this order, the layers being
provided either only in the second region or in the second
region and in part of the first region of the relief structure
forming layer, by exposing the second material laminate to
a reactive gas or a reactive liquid which is reactive with the
first material; and a step (f) of removing the second layer
from the laminate formed in the step (e).

[0138] The manufacturing method of a laminate according
to the first embodiment of present invention will be
described below with reference to FIGS. 2(a) to 2(f).
[0139] FIGS. 2(a) to 2(f) are schematic cross-sectional
views sequentially showing the respective steps of the
manufacturing method of the laminate shown in FIG. 1A, in
which FIG. 2(a) is a cross-sectional view for explaining a
step of forming the relief structure forming layer 2, FIG. 2(5)
is a cross-sectional view for explaining a step of forming a
first material laminate 20, FIG. 2(c) is a cross-sectional view
for explaining a step of locating the first material laminate
20, FIG. 2(d) is a cross-sectional view for explaining a step
of forming a second material laminate 30, FIG. 2(e) is a
cross-sectional view for explaining a step of forming a
laminate 40 by sequentially forming a first layer 4' and a
second layer 6 in the second region R2 of the relief structure
forming layer 2, and FIG. 2(f) is a cross-sectional view for
explaining a step of removing the second layer 6 from the
laminate 40 shown in FIG. 2(e). Here, FIG. 2(f) corresponds
to FIG. 1D.

[0140] (Step (a))

[0141] First, the relief structure forming layer 2 having the
principal surface including the first region R1 and the second
region R2 is formed as shown in FIG. 2(a).

[0142] In the first region R1, the relief structure forming
layer 2 includes the indented structure extending in the first
direction or the direction tilted by an angle within 10 degrees
to the left or right from the first direction in a plan view.
Moreover, in the second region, the relief structure forming
layer 2 includes the indented structure extending in the
second direction orthogonal to the first direction or a direc-
tion tilted by an angle within 65 degrees to the left or right
from the second direction, and/or a flat surface in a plan
view. The details of the indented structures in the first region
R1 and the second region R2 have been described above in
the subsection (Relief Structure Forming Layer) of the
section <Laminate>.

[0143] The relief structure forming layer 2 can be formed
by pressing a mold including fine projecting portions against
a resin, for example. Shapes of such projecting portions
correspond to the shapes of the recessed portions to be
provided in the first region R1 and/or the second region R2.
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[0144] The relief structure forming layer 2 may be formed
with a method of coating a thermoplastic resin on a base
material and pressing an original plate (a mold) including
the aforementioned projecting portions against the resin
while applying heat thereto. Examples of the thermoplastic
resin usable herein include acrylic-based resins, epoxy-
based resins, cellulose-based resins, vinyl-based resins, and
mixtures or copolymers thereof.

[0145] Alternatively, the relief structure forming layer 2
may be formed with a method of coating a thermosetting
resin on a base material, applying heat thereto while pressing
an original plate including the aforementioned projecting
portions against the resin, and then removing the original
plate. Examples of the thermosetting resin usable in this case
include urethane resins, melamine-based resins, epoxy res-
ins, phenol-based resins, and mixtures or copolymers
thereof. Such a urethane resin can be obtained, for example,
by adding polyisocyanate as a cross-linker to any of acrylic
polyol and polyester polyol containing a reactive hydroxyl
group, thereby cross-linking these materials.

[0146] Alternatively, the relief structure forming layer 2
may be formed with a method of coating a radiation curable
resin on a base material, curing the resin by irradiating the
resin with radiation such as ultraviolet rays while pressing
an original plate against the resin, and then removing the
original plate. Alternatively, the relief structure forming
layer 2 may be formed with a method of feeding the resin to
a space between the base material and the original plate,
curing the resin by irradiating the resin with the radiation,
and then removing the original plate.

[0147] Such a radiation curable resin typically contains a
polymerizable compound and an initiator.

[0148] For instance, a photo-radical polymerizable com-
pound can be used as the polymerizable compound. Any of
a monomer, an oligomer, and a polymer containing an
ethylenically unsaturated bond or an ethylenically unsatu-
rated group can be used as the photo-radical polymerizable
compound. Examples of the photo-radical polymerizable
compound usable herein include: monomers such as 1,6-
hexanediol, neopentyl glycol diacrylate, trimethylol propane
triacrylate, pentaerythritol triacrylate, pentaerythritol tet-
raacrylate, pentaerythritol pentaacrylate, and dipentaeryth-
ritol hexaacrylate; oligomers such as epoxy acrylate, ure-
thane acrylate, and polyester acrylate; and polymers such as
urethane-modified acrylic resins and epoxy-modified acrylic
resins.

[0149] When using the photo-radial polymerizable com-
pound as the polymerizable compound, a photo-radial
polymerization initiator can be used as the initiator.
Examples of the photo-radial polymerization initiator usable
herein include: benzoin-based compounds such as benzoin,
benzoin methyl ether, and benzoin ethyl ether; anthraqui-
none-based compounds such as anthraquinone and methyl
anthraquinone; phenylketone-based compounds such as
acetophenone,  diethoxyacetophenone,  benzophenone,
hydroxyacetophenone, 1-hydroxycyclohexyl phenyl ketone,
a-aminoacetophenone, and 2-methyl-1-(4-methylthio phe-
nyl)-2-morpholino propan-1-one; benzyl dimethyl ketal;
thioxanthone; acyl phosphine oxide; and Michler’s ketone.
[0150] Alternatively, a photo-cationic polymerizable com-

pound can be used as the polymerizable compound. Any of:
a monomer, an oligomer, and a polymer containing an epoxy
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group; an oxetane backbone-containing compound; and a
vinyl ether can be used as the photo-cationic polymerizable
compound, for example.

[0151] When using the photo-cationic polymerizable com-
pound as the polymerizable compound, a photo-cationic
polymerization initiator can be used as the initiator.
Examples of the photo-cationic polymerization initiator
usable herein include aromatic diazonium salts, aromatic
iodonium salts, aromatic sulfonium salts, aromatic phospho-
nium salts, and metal salts of mixed ligands.

[0152] Alternatively, a mixture of the photo-radical
polymerizable compound and the photo-cationic polymer-
izable compound can be used as the polymerizable com-
pound. In this case, a mixture of the photo-radial polymer-
ization initiator and the photo-cationic polymerization
initiator can be used as the initiator. Alternatively, a polym-
erization initiator that can function as an initiator for both the
photo-radical polymerization and the photo-cationic polym-
erization may be used in this case. Examples of such an
initiator usable herein include the aromatic iodonium salts
and the aromatic sulfonium salts.

[0153] A proportion of the initiator to the radiation curable
resin can be set in a range from 0.1% by mass to 15% by
mass, for example.

[0154] The radiation curable resin may further contain a
sensitizing dye, a dye, a pigment, a polymerization inhibitor,
a leveling agent, an antifoaming agent, an antisagging agent,
an adhesion improver, a coating surface modifier, a plasti-
cizer, a nitrogen-containing compound, a cross-linker such
as an epoxy resin, and a release agent, or a combination
thereof. To improve the moldability of the radiation curable
resin, the resin may further contain a non-reactive resin.
Examples of the non-reactive resin usable herein include the
thermoplastic resins and/or the thermosetting resins men-
tioned above.

[0155] The above-mentioned original plate used for form-
ing the relief structure forming layer 2 can be manufactured
by use of an electron beam drawing apparatus or a nanoim-
printing apparatus, for example. In this way, it is possible to
form the above-mentioned multiple recessed portions or
projecting portions with high accuracy. In present invention,
the indented structure to be provided on the relief structure
forming layer 2 may be a structure obtained by repeatedly
imposing a unit structure with its area in a range from 4 um?>
to 10000 um?. In this case, an amount of data used for the
drawing can be significantly reduced since a pattern to form
the unit structure can be used repeatedly.

[0156] The relief structure forming layer 2 typically
includes the base material and a resin layer formed thereon.
A film base material can typically be used as the base
material. Examples of the film base material can include a
plastic film such as a polyethylene terephthalate (PET) film,
a polyethylene naphthalate (PEN) film, and a polypropylene
(PP) film. Alternatively, paper, synthetic paper, plastic mul-
tilayered paper, or a resin-impregnated paper may be used as
the base material. The base material may also be omitted.
For instance, when the relief structure forming layer 2 per se
is a film-like compact, the base material can be omitted.
[0157] The resin layer is formed with the above-described
method, for example. A thickness of the resin layer can be
set in a range from 0.1 pm to 10 um, for instance. If this
thickness is too large, resin protrusion and/or wrinkle for-
mation readily occurs due to application of pressure during
processing. If this thickness is too small, it may be difficult
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to form a recessed structure and/or a projecting structure as
desired. In the meantime, the thickness of the resin layer is
set equal to or larger than the depth of each recessed portion
or the height of each projecting portion to be provided on the
principal surface thereof. For example, this thickness can be
set in a range from 1 to 10 times of the depth of the recessed
portion or the height of the projecting portion, or more
typically in a range from 3 to 5 times thereof.

[0158] The formation of relief structures (the indented
structures) of the relief structure forming layer 2 may be
conducted by using any of a “pressing method” disclosed in
Japanese Patent No. 4194073, a “casting method” disclosed
in Japanese Utility Model Registration No. 2524092, and a
“photopolymer method” disclosed in Japanese Patent Laid-
Open No. 2007-118563, for example.

[0159] (Step (b))

[0160] As shown in FIG. 2(b), the first material different
from the material of the relief structure forming layer 2 is
deposited on the first region R1 and the second region R2 of
the relief structure forming layer 2, thus forming a first
material layer 4" having a surface shape corresponding to
the surface shape of the relief structure forming layer 2. In
this way, the first material laminate 20 is formed.

[0161] A publicly known coating method or vapor-phase
deposition method capable of depositing the first material so
as to correspond to the surface shape of the relief structure
forming layer 2 can be used as the method of depositing the
first material. An example of the coating method can include
spray coating. Examples of the vapor-phase deposition can
include a vacuum deposition method, a sputtering method,
and a chemical vapor deposition method (CVD method). In
particular, it is preferable to use a vapor-phase deposition
method according to the steps (¢) and (d) to be described
later as the method of depositing the first material, because
the use of the vapor-phase deposition method produces
dense portions and sparse portions in the first material layer
4", thereby making it easier to selectively remove the first
layer 4 and the second layer 6 in the first region R1 in the
step (e) to be described later.

[0162] The first material is deposited in such a way as to
correspond to the surface shape of the relief structure
forming layer 2. Accordingly, the first material layer 4"
formed by depositing the first material has the surface shape
that corresponds to the surface of the relief structure forming
layer 2. Further, the deposition of the first material is
preferably conducted with a uniform density in an in-plane
direction parallel to the principal surface of the relief struc-
ture forming layer 2. Specifically, the deposition is prefer-
ably conducted in such a way that a ratio of an amount of the
first material at a position in the first region R1 to the
apparent area of the first region R1 is equal to a ratio of an
amount of the first material at a position in the second region
R2 to the apparent area of the second region R2.

[0163] The first material is the material different from the
material of the relief structure forming layer 2.

[0164] In the meantime, a material to be used as the first
material can be selected as appropriate depending on the
usage of the laminate.

[0165] For example, when using the laminate as an optical
element, a material suitable for a reflective layer can be used
as the first material. In this case, it is preferable to use a
material having a difference in refractive index from the
material of the relief structure forming layer 2 being equal
to or above 0.2. If this difference is too small, reflection may
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hardly occur on an interface between the relief structure
forming layer 2 and the first layer 4 to be described later.

[0166] When the laminate is used as an electronic circuit,
a material suitable for a circuit conductive layer can be used
as the first material.

[0167] As examples of the above-described first material,
it is possible to point to at least one metal material selected
from the group consisting of: metals Al, Sn, Cr, Ni, Cu, Au,
Ag, and the like; compounds of any of the metals; and alloys
of any of the metals. Here, a compound of a metal means a
compound containing a metal element in the form of a metal
oxide, a metal sulfide, and the like.

[0168] As for the material suitable for the reflective layer,
any of ceramic materials and organic polymer materials
listed below, each of which has relatively high transparency,
may be used as the first material.

[0169] Specifically, any of Sb,0,, Fe,O;, TiO,, CdS,
CeQ,, ZnS, PbCl,, CdO, WO,, SiO, Si,0,, In,0;, PbO,
Ta,0,, Ta,Os, Zn0O, Zr0,, MgO, Si0,, Si,0,, MgF,, CeF;,
CaF,, AlF;, Al,O;, silicon oxides (Si0,, 1<X<2), and GaO
can be used as the ceramic material, for example.

[0170] As the organic polymer material, for example, any
of polyethylene, polypropylene, polytetrafluoroethylene,
polymethylmethacrylate, and polystyrene can be used.

[0171] Meanwhile, final parameters such as the ratio of
elements and the oxidation number of a deposited film may
vary when the vapor-phase deposition takes place by using
any of the aforementioned material as a target.

[0172] (Step (¢))

[0173] The first material laminate 20 is located in the
vapor-phase deposition apparatus such that the first direction
described in the step (a) coincides with the direction of
conveyance of the first material laminate 20 (FIG. 2(c)).

[0174] The expression “the first direction described in the
step (a) coincides with the direction of conveyance of the
first material laminate 20” means that the first direction
coincides with the direction of conveyance of the first
material laminate 20 at the time of vapor-phase deposition of
the second material in the step (d) to be described later.

[0175] As the vapor-phase deposition apparatus, a pub-
licly known apparatus can be used having a vapor deposition
source necessary for performing the vapor-phase deposition
of the second material, conveyance means for conveying the
first material laminate 20, and the like. Such an apparatus to
be used may be selected according to the vapor-deposition
method to be applied. For example, it is possible to use a
roll-type vacuum vapor deposition machine.

[0176] A publicly known source can be used as the vapor
deposition source. For example, the vapor deposition source
includes heating means for evaporating a vapor deposition
material, and a container such as a crucible for containing
the vapor deposition material.

[0177] Further, the vapor deposition source is preferably
formed such that an aperture as an outlet of the gasified
vapor deposition material is formed to have a length corre-
sponding to a length of the first material laminate 20 in a
width direction (a direction perpendicular to the direction of
conveyance) of the first material laminate 20. Alternatively,
multiple vapor deposition sources may be arranged along the
width direction (the direction perpendicular to the direction
of conveyance) of the first material laminate 20 so as to
correspond to the length of the first material laminate 20.
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[0178] (Step (d))

[0179] Next, the first material laminate 20 located in the
step (c) is conveyed and the second material being different
from the first material is vapor-phase deposited from an
oblique direction onto the surface of the first material
laminate on which the first material is deposited. Thus, the
second material laminate 30 is formed (FIG. 2(d)).

[0180] A method of conveying the first material laminate
20 is not limited to a particular method as long as the method
is capable of conveying the first material laminate 20 in the
first direction, in which the indented structure in the first
region R1 of the first material laminate 20 extends, at the
time of the vapor-phase deposition of the second material. A
method of conveying the first material laminate 20 fixed to
a carrier film may be used. In the case of conveying the first
material laminate 20 in a roll-to-roll method and where the
first material laminate 20 has the form of a long and
rolled-up roll, then the first material laminate 20 itself may
be conveyed.

[0181] A conveyance speed of the first material laminate
20 maybe set as appropriate while taking into account such
factors as a film thickness of the layer to be made of the
second material.

[0182] As a method of conveying the first material lami-
nate 20 and vapor-depositing the second material from the
oblique direction onto the surface of the first material
laminate 20 on which the first material is deposited (that is,
a surface of the first material layer 4"), it is possible to apply
any method that is designed to deposit the second material
from the oblique direction onto the surface of the first
material layer 4" of first material laminate 20 while moving
the first material laminate 20 so as to come close to the vapor
deposition source and/or moving the first material laminate
20 so as to recede from the vapor deposition source.
[0183] A vapor-phase deposition method is used as a
method of depositing the second material. Examples of the
vapor-phase deposition method include a vacuum deposition
method, a sputtering method, and a chemical vapor deposi-
tion method (a CVD method).

[0184] The deposition of the second material is preferably
conducted with a uniform density in the in-plane direction
parallel to the principal surface of the relief structure form-
ing layer 2. Specifically, the deposition is preferably con-
ducted in such a way that a ratio of an amount of the second
material at a position in the first region R1 to the apparent
area of the first region R1 is equal to a ratio of an amount of
the second material at a position in the second region R2 to
the apparent area of the second region R2.

[0185] The second material is the material different from
the first material. Preferably, the second material is a mate-
rial that does not react with (get dissolved in) a reactive gas
or liquid used in the step (e) to be described later. This is due
to a reason that the above-mentioned layer made of the
second material functions as a mask layer in the second
region R2 to protect the first material layer 4" against the
reactive gas or the like so that the first material layer 4" can
be prevented from being eroded by the reactive gas or the
like. Furthermore, when the second layer 6 is left without
conducting the step (f) to be described later, the second
material may be determined in consideration of the usage of
the laminate.

[0186] Assuming that the first material is aluminum, then
examples of the second material include silicon oxides
(8i0,, 1<X<2). Such a silicon oxide (SiO,, 1<X<2) is
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suitable for the second material because the silicon oxide has
high resistance against acidic and alkaline solutions and is
capable of forming a columnar structure or a porous struc-
ture by the oblique vapor deposition.

[0187] The vapor-phase deposition of the second material
in the step (d) will be described further in detail with
reference to FIGS. 3A to 3C.

[0188] FIG. 3A is a schematic cross-sectional view show-
ing an example of a vapor deposition apparatus in which the
first material laminate 20 is located.

[0189] In the example shown in FIG. 3 A, the first material
laminate 20 disposed on a carrier film 130 with the first
material layer 4" being directed toward a vapor deposition
source 120 is conveyed so as to be sequentially passed
through positions (1), (2), and (3). Meanwhile, the second
material evaporated from the vapor deposition source 120
reaches the positions (1), (2), and (3) through an aperture in
a shield plate 110.

[0190] In the beginning, when the first material laminate
20 is conveyed to the position (1) in such a way as to come
close to the vapor deposition source 120, the second material
evaporated from the vapor deposition source 120 reaches the
surface of the first material layer 4". In this case, the second
material comes close to the surface of the first material layer
4" in the oblique direction, and gets deposited on the surface
of the first material layer 4". As a consequence, the second
material is obliquely deposited on the surface of the first
material layer 4".

[0191] Next, when the first material laminate 20 is con-
veyed to the position (2) and reaches a peripheral surface of
a roller 100, the second material comes close to the depos-
ited surface of the first material laminate 20, and gets
deposited thereon. Accordingly, the oblique vapor deposi-
tion does not take place at the position (2). As described
above, the step (d) may also include a deposition subprocess
that does not involve the oblique vapor deposition.

[0192] Thereafter, as the first material laminate 20 is
conveyed in such a way as to recede from the vapor
deposition source 120, the second material comes close
obliquely to the surface of the first material laminate 20 and
gets deposited on the surface.

[0193] FIG. 3B includes schematic diagrams showing
aspects of the deposited surface in the first region R1 of the
first material laminate 20 when the first material laminate 20
are passed through the positions (1), (2), and (3) in FIG. 3A.
FIG. 3C includes schematic diagrams showing aspects of the
deposited surface in the second region R2 of the first
material laminate 20 when the first material laminate 20 are
passed through the positions (1), (2), and (3) in FIG. 3A.
[0194] In the example shown in FIG. 3B, the indented
structure on the deposited surface in the first region R1 of the
first material laminate 20 extends in the first direction, and
the direction of extension thereof coincides with the direc-
tion of conveyance of the first material laminate 20. On the
other hand, in the example shown in FIG. 3C, the indented
structure on the deposited surface in the second region R2
extends in the second direction, and the direction of exten-
sion thereof is orthogonal to the direction of conveyance of
the first material laminate 20. As described above, since the
direction of extension of the relief structure relative to the
direction of conveyance in the first region R1 is different
from that in the second region R2, a difference in the form
of deposition of the second material on the deposited surface
occurs as a consequence.
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[0195] While the difference in the form of deposition is not
bound by a theory, the inventor of present invention con-
siders as follows.

[0196] As described previously, in the example shown in
FIG. 3B, the direction of extension of the indented structure
formed on the surface of the first material layer 4" in the first
region R1 coincides with the direction of conveyance of the
first material laminate 20. The second material comes close
to the surface of the first material layer 4", which has the
aforementioned surface structure, from the oblique direction
to the surface and begins to be deposited thereon. Hence, a
shade that does not allow entry of the second material is
created in this process, and a columnar structure including
pores is eventually formed. As a consequence, a density of
a film formed of the second material is lower in the first
region R1. FIG. 4A shows an estimated cross-sectional view
of the form of deposition of the second material in the first
region R1.

[0197] On the other hand, in the example shown in FIG.
3C, the direction of extension of the indented structure
formed on the surface of the first material layer 4" in the
second region R2 is orthogonal to the direction of convey-
ance of the first material laminate 20. For this reason, a
shade that does not allow entry of the second material is less
likely to be created as compared to the case of the first region
R1. As a consequence, a density of a film formed of the
second material is higher in the second region R2 because
pores by the deposition of the second material are hardly
formed therein. FIG. 4B shows an estimated cross-sectional
view of the form of deposition of the second material in the
second region R2.

[0198] (Step (e))

[0199] Next, the second material laminate 30 is exposed to
the reactive gas or liquid that reacts with the first material.
Thus, there is formed either the laminate 40 including the
first layer 4' and the second layer 6 in this order only in the
second region R2 (FIG. 2(e)) or a laminate including the first
layer 4' and the second layer 6 in this order in the second
region R2 and in part of the first region R1 (not shown).
[0200] As described above in conjunction with the step
(d), it is contemplated that the pores are formed in a second
material layer 6' in the first region R1 (FIG. 4A) whereas
such pores are rare in the second region R2 (FIG. 4B). For
this reason, in the first region R1, the reactive gas or liquid
is more likely to permeate the second material layer 6'
through the pores in the second material layer 6' and to come
into contact with the first material layer 4" than in the second
region R2.

[0201] When the reactive gas or liquid comes into contact
with the first material layer 4" in the first region R1, etching
of the first material layer 4" progresses in the in-plane
direction. As a consequence, in the first region R1, the first
material layer 4" is removed together with the second
material layer 6' provided on this layer.

[0202] By adjusting a concentration and a temperature of
an etchant, processing time of the etching, and the like as
described above, it is possible to remove the first material
layer 4" and the second material layer 6' only in the first
region R1. Thus, it is possible to form the laminate which
includes the first layer 4 and the second layer 6 in this order
only in the second region R2 as shown in FIG. 2(e). The first
layer 4' and the second layer 6 may be included in this order
in part of the first region R1. In this case, the etching may
be stopped before the first layer 4' in the first region R1 is
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completely removed. Meanwhile, the second layer 6 may be
partially left in the first region R1.

[0203] In the case of using an etchant that dissolves the
first material as the reactive gas or liquid, it is possible to use
an alkaline solution such as a sodium hydroxide solution, a
sodium carbonate solution, and a potassium hydroxide solu-
tion, or an acidic solution such as hydrochloric acid, nitric
acid, sulfuric acid, and acetic acid. Alternatively, an etching
gas capable of gasifying the first material may be used. Here,
the reactive gas or liquid that does not dissolve the second
material should be selected.

[0204] (Step ()

[0205] Next, the second layer 6 is removed from the
laminate 40 formed in the step (e). Thus, there is manufac-
tured either the laminate 10 including the relief structure
forming layer 2 and the first layer 4 provided in the second
region R2 (FIG. 2(f)) or a laminate including the relief
structure forming layer 2 and the first layer 4 provided in the
second region R2 and in part of the first region R1 (not
shown).

[0206] An example of a method of removing the second
layer 6 includes a method of exposing the laminate 40
formed in the step (e) to a reactive gas or liquid, which is
reactive with the second material constituting the second
layer 6 but is not reactive with the first material constituting
the first layer 4'.

[0207] In the case of using an etchant that dissolves the
second material as the reactive gas or liquid, it is possible to
use an alkaline solution such as a sodium hydroxide solu-
tion, a sodium carbonate solution, and a potassium hydrox-
ide solution, or an acidic solution such as hydrochloric acid,
nitric acid, sulfuric acid, and acetic acid. Alternatively, an
etching gas capable of gasifying the second material may be
used.

[0208] The laminate 10 including the relief structure form-
ing layer 2 having the principal surface including the first
region R1 and the second region R2, and the first layer 4
provided either only in the second region R2 or in the second
region R2 as well as in part of the first region R1 of the relief
structure forming layer 2 can be manufactured by conduct-
ing the above-described steps (a) to (f).

[0209] Note that only the steps (a) to (e) need to be
conducted in the case of manufacturing the laminate 40
including the relief structure forming layer 2 having the
principal surface including the first region R1 and the second
region R2, and the first layer 4 and the second layer 6
provided in this order either only in the second region R2 or
in the second region R2 as well as in part of the first region
R1 of the relief structure forming layer 2.

[0210] As described above, according to the method of
present invention, it is possible to provide the first layer 4
(and the second layer 6) at a desired position without using
the difference in depth-to-width ratio between the indented
structures in the first region R1 and the second region R2.
[0211] It is to be noted that the laminate and the manu-
facturing method thereof according to present invention
described above may also include the following embodi-
ments.

[0212] Although the case where the first layer 4 has a
single-layer structure has been described above, the first
layer 4 may have a multilayer structure instead. Thus, in
such a laminate, the first layer 4 may constitute a multilayer
interference film, for example.
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[0213] In this case, the first layer 4 may include a multi-
layer film formed by laminating a mirror layer, a spacer
layer, and a half mirror layer in this order from the relief
structure forming layer 2 side, for example.

[0214] The mirror layer is a metal layer. The mirror layer
may typically contain an elemental metal or an alloy of the
metal. Examples of the metal to be contained in the mirror
layer include aluminum, gold, copper, and silver. As the
metal, aluminum is preferred in particular. A thickness of the
mirror layer can be set equal to or below 300 nm, or typically
set in a range from 20 to 200 nm, for example.

[0215] The spacer layer typically contains a dielectric
material. A refractive index of the dielectric material is
preferably set equal to or below 1.65. Moreover, the dielec-
tric material is preferably transparent. Examples of such a
dielectric material include SiO, and MgF,. A thickness of
the spacer layer can be set in a range from 5 to 500 nm, for
example.

[0216] The half mirror layer is a light-permeable reflective
layer. The half mirror layer may typically contain any of an
elemental metal, an alloy of the metal, an oxide of the metal,
and a sulfide of the metal. Examples of the metal and the
metal alloy to be contained in the half mirror layer include
aluminum, nickel, Inocel (registered trademark), titanium
oxide (TiO,), zinc sulfide (ZnS), molybdenum sulfide
(MoS,), iron (III) oxide (Fe,O,), and the like. A thickness of
the half mirror layer may be set in a range from 5 to 80 nm,
for example. This thickness is preferably set in a range from
30 to 80 nm in the case of using a metal oxide such as
titanium oxide or a metal sulfide salt such as zinc sulfide,
each of which represents a high refractive-index material
with high transparency. Meanwhile, the thickness is prefer-
ably set in a range from 5 to 45 nm in the case of using a
metal such as aluminum which has high reflectance and a
high light shielding property.

[0217] Although the case where the second layer 6 has a
single-layer structure has been described above, the second
layer 6 may have a multilayer structure instead. Hence, in
such a laminate 10, the second layer 6 may constitute a
multilayer interference film, for example.

[0218] Alternatively, a laminated structure of the first
layer 4 and the second layer 6 may constitute a multilayer
interference film.

[0219] In these cases, it is possible to form a multilayer
interference film stably and with high positional accuracy
using the method described with reference to FIG. 2.
[0220] In the method described with reference to FIG. 2,
the steps (b) to (e) may be repeated after the first layer 4 and
the second layer 6 are formed in the step (e). This can obtain
a structure in which the first layers 4 and the second layers
6 are alternately laminated in the second region R2, and
form the multilayer interference film in the second region R2
stably and with high positional accuracy, for example.
[0221] In the laminate including the first layer 4 and the
second layer 6 in this order in the second region R2 on the
relief structure forming layer 2, only the first layer 4 in the
second region R2 may be subjected to side etching byway of
over-etching. When this laminate is observed from the first
layer 4 side, the first layer 4 is rimmed with the second layer
6. Accordingly, designability and a forgery prevention per-
formance are improved when the material of the second
layer 6 has a special optical property.

[0222] In the method (the step (e)) described with refer-
ence to FIG. 2, a gas or a liquid that is capable of trans-
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forming part of the first layer 4 into a layer composed of a
different material by a reaction with the first material may be
used as the reactive gas or liquid. In this case, it is possible
to transform a portion of the first layer 4 corresponding to
the first region R1 into the layer made of a material different
from the material of the first layer instead of removing the
portion corresponding thereto, for example.

[0223] An oxidizing agent capable of oxidizing the mate-
rial of the first layer 4 can be used as the above-mentioned
reactive gas or liquid. Examples of the oxidizing agent
usable herein include: oxygen; ozone; halogens; halides
including chlorine dioxide, hypohalous acids, halous acids,
sub-halogen acids, hyperhalous acids, salts thereof, and the
like; inorganic peroxides including hydrogen peroxide, per-
sulfates, peroxocarbonates, peroxosulfates, peroxophos-
phates, and the like; organic peroxides including benzoyl
peroxide, t-butyl hydroperoxide, cumene hydroperoxide,
diisopropylbenzene hydroperoxide, performic acid, per-
acetic acid, perbenzoic acid, and the like; metals and metal
compounds including cerium salts, Mn (III), Mn (IV) and
Mn (VI) salts, silver salts, copper salts, chromium salts,
cobalt salts, dichromates, chromates, permanganates, mag-
nesium perphthalate, ferric chloride, cupric chloride, and the
like; and inorganic acids and inorganic acid salts including
nitric acid, nitrates, bromates, periodates, iodates, and the
like.

[0224] When Cu is used as the material of the first layer 4,
for example, at least a portion of the first material layer 4"
corresponding to the second region R2 can be transformed
into a layer made of a copper oxide by a reaction of the
portion with the oxidizing agent. In the meantime, when Al
is used as the material of the first layer 4, at least the portion
of the first material layer 4" corresponding to the second
region R2 can be transformed into a layer made of an
aluminum oxide such as boehmite by immersion of the
portion into boiling water or by a reaction of the portion with
the oxidizing agent.

[0225] Alternatively, a reducing agent capable of reducing
the material of the first layer 4 can be used as the above-
mentioned reactive gas or liquid. Examples of the reducing
agent to be used herein include: hydrogen sulfide, sulfur
dioxide, hydrogen fluoride, alcohols, carboxylic acids,
hydrogen gas, hydrogen plasma, remote hydrogen plasma,
diethylsilane, ethylsilane, dimethylsilane, phenylsilane,
silane, disilane, aminosilane, borane, diborane, alane, ger-
mane, hydrazine, ammonia, methylhydrazine, 1,1-dimethyl-
hydrazine, 1,2-dimethylhydrazine, t-butylhydrazine, benzyl-
hydrazine, 2-hydrazinoethanol, 1-n-butyl-1-
phenylhydrazine, phenylhydrazine, 1-naphthylhydrazine,
4-chlorophenylhydrazine, 1,1-diphenylhydrazine, p-hy-
drazinobenzenesulfonic  acid,  1,2-diphenylhydrazine,
acetylhydrazine, and benzoylhydrazine.

[0226] In the manufacturing method of present invention
described above, a surface of each layer may also be
subjected to any of a plasma treatment, a corona treatment,
and a flame treatment.

[0227] Furthermore, in the manufacturing method of pres-
ent invention described above, a publicly known method
may be combined in order to provide the first layer (the
functional layer such as the reflective layer and the conduc-
tive layer) in part. Examples of the publicly known method
include: a laser method of removing the reflective layer in
the form of a pattern by use of a laser; and a method of
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providing a mask in the form of a pattern on the reflective
layer and then removing portions of the reflective layer not
covered with the mask.

[0228] Alternatively, a method of setting a patterned mask
on a principal surface of a layer or a base material, forming
the reflective layer on the entire principal surface, and then
removing portions of the reflective layer located on the mask
together with the mask may be used in the manufacturing
method of present invention described above. The formation
of the mask can be performed in accordance with a printing
method or a photoresist method. In a typical case, after the
relief structure forming layer is formed in the step (a), a
mask ink formed of a water-soluble resin is printed across
the first region and the second region in accordance with the
printing method. Subsequently, the first material laminate is
formed in the step (b) by using aluminum as the first
material, and the second material laminate is formed in the
steps (c) and (d) by using silicon oxide as the second
material. Thereafter, etching with alkaline water is per-
formed in the step (e). At each portion coated with the
water-soluble mask ink, the first material and the second
material can be removed regardless of a difference in etching
speed attributed to the directions of extension of the
indented structures. Accordingly, the first material can be
removed even in the second region by combining present
invention with the publicly known method that uses the
water-soluble mask ink. As a consequence, it is possible to
constitute more complex drawing patterns.

[0229] Further, in the manufacturing method of present
invention described above, the relief structure forming layer
is formed in the step (a), and then the first material laminate
is formed in the step (b) by using aluminum as the first
material. Then, the second material laminate is formed in the
steps (c) and (d) by using silicon oxide as the second
material. Subsequently, the mask ink formed of an “alkaline
water-resistant resin” is printed across the first region and
the second region in accordance with the printing method.
Thereafter, the etching with the alkaline water is performed
in the step (e). At each portion printed with the “alkaline
water-resistant resin” mask ink, the mask ink prevents
permeation of the etchant, thereby leaving aluminum and
silicon oxide at each portion unetched. Accordingly, it is
possible to leave the first material even in the first region by
combining present invention with the publicly known
method that uses the “alkaline water-resistant resin” mask
ink. As a consequence, it is possible to constitute more
complex drawing patterns.

[0230] In the laminate of present invention, the direction
of extension of the indented structure in each of the first
region and the second region can be set in such a way as to
define a specific angle. This makes it possible to constitute
complex drawing patterns when either the metal reflective
layer or the transparent reflective layer of the metal oxide or
the like is provided as the first layer in both of the first region
and the second region. For example, the laminate can bring
about a two-image switching effect (a changing effect) when
the first region and the second region are provided with the
indented structures having the directions of extension being
orthogonal to each other but in the same shape with the
aspect ratio of 0.2 and the pitches of 1 um. Specifically, this
effect renders the diffracted light in the second region
invisible when the diffracted light originating from the
indents in the first region is visible, and renders the dif-
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fracted light in the second region visible when the diffracted
light originating from the indents in the first region is
invisible on the other hand.

[0231] The laminate of present invention may further
include any of a covering layer (a protective layer) to cover
the first layer 4 and/or the second layer 6, an anchor layer for
improving adhesion between the layers, a functional layer
that is different from the first layer 4, a printed layer using
a color ink or a special ink in order to improve a design
property and a forgery prevention property, and other layers.
Meanwhile, dyes and pigments for color inks and special
inks may be contained in the layers of the laminate.
[0232] In the meantime, since the first layer 4 is provided
with high positional accuracy, the laminate of present inven-
tion can also be used as a photomask.

[0233] Note that two or more of the various embodiments
and modified examples described above may be carried out
in combination.

Second Embodiment

[0234] Next, a second embodiment of present invention
will be described.

[0235] A laminate of this embodiment has such a feature
that the second region of the first embodiment includes
multiple subregions. Here, between two different subre-
gions, at least any of the following features are different
from each other, namely, the directions of extension, the
pitches, and the depths (the heights) of the indented struc-
tures.

[0236] FIG. 5 is a schematic plan view showing the
laminate 10 according to the second embodiment of present
invention. In the laminate 10 shown in FIG. 5, the first
region R1 includes an indented structure which extends in a
direction tilted by 8 degrees to the left (-8 degrees) from the
first direction. The second region includes two subregions
which have the indented structures with the directions of
extension being different from each other. Specifically, the
second region includes a second subregion R2-1 which has
an indented structure extending in a direction tilted by 45
degrees to the right (+45 degrees) from the second direction,
and a second subregion R2-2 which has an indented struc-
ture extending in a direction tilted by 45 degrees to the left
(-45 degrees) from the second direction.

[0237] This embodiment is not limited to the directions of
extension of the indented structures shown in FIG. 5. As
described in the first embodiment, the direction of extension
of the indented structure in the first region R1 may be set in
the first direction or a direction tilted by an angle within 10
degrees to the left or right from the first direction. Mean-
while, the direction of extension of each indented structure
in the second region (the second subregion) may also be set
in the second direction or a direction tilted by an angle
within 65 degrees to the left or right from the second
direction.

[0238] FIG. 5 illustrates the example of the subregions in
the second region, which have the indented structures
extending in the directions different from each other. How-
ever, in this embodiment, the second region may include
subregions having at least any of the following features that
are different from each other, namely, the directions of
extension, the pitches, and the depths (the heights) of the
indented structures.

[0239] In addition, while the second region includes the
two subregions in the example shown in FIG. 5, the number



US 2020/0070467 Al

of subregions is not limited only to two and the second
region may include three or more subregions.

[0240] As described above, the laminate 10 of this
embodiment can realize a complex structure by providing
the second region with the multiple subregions. Various
drawing patterns can be formed in the second region (the
second subregions) since the second region includes the first
layer (the reflective layer).

[0241] The laminate 10 according to the second embodi-
ment can be manufactured in accordance with the method
described in the previous section <Manufacturing Method of
Laminate>. To be more precise, the relief structure forming
layer may be formed in the step (a) in such a way that the
first region R1 and the second region R2 have the desired
indented structures, and then the steps (b) to (f) may be
carried out.

[0242] According to this manufacturing method, even
when the multiple subregions having the varied features of
any of the directions of grooves, the pitches, the depths, and
the like are provided in the second region, it is still possible
to selectively provide the first layer to these subregions.

Third Embodiment

[0243] Next, a third embodiment of present invention will
be described.
[0244] A laminate of this embodiment has such a feature

that each of the first region and second region of the first
embodiment includes multiple subregions. Between two
different subregions, at least any of the following features
are different from each other, namely, the directions of
extension, the pitches, and the depths (the heights) of the
indented structures.

[0245] FIG. 6 is a schematic plan view showing the
laminate 10 according to the third embodiment of present
invention. In the laminate 10 shown in FIG. 6, each of the
first region and the second region includes two subregions.
[0246] In the laminate 10 shown in FIG. 6, the first region
includes two subregions with indented structures, which
have the same direction of extension but different pitches,
depths, and aspect ratios. Specifically, the first region
includes: a first subregion R1-1 which has an indented
structure extending in the first direction, and has the pitch of
600 nm, the depth of 150 nm, and the aspect ratio of 0.25;
and a first subregion R1-2 which has an indented structure
extending in the first direction, and has the pitch of 400 nm,
the depth of 400 nm, and the aspect ratio of 1.00.

[0247] This embodiment is not limited to the directions of
extension of the indented structures shown in FIG. 6. As
described in the first embodiment, the direction of extension
of each indented structure in the first region (the first
subregion) may be set in the first direction or a direction
tilted by an angle within 10 degrees to the left or right from
the first direction. In addition, regarding the pitches, the
depths, and the aspect ratios of the indented structures, this
embodiment can adopt those described in the first embodi-
ment.

[0248] In FIG. 6, the second region includes the two
subregions which have the indented structures with the
directions of extension being different from each other.
Specifically, the second region includes the second subre-
gion R2-1 which has the indented structure extending in the
direction tilted by 45 degrees to the right (+45 degrees) from
the second direction, and the second subregion R2-2 which
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has the indented structure extending in the direction tilted by
45 degrees to the left (—45 degrees) from the second direc-
tion.

[0249] This embodiment is not limited to the directions of
extension of the indented structures shown in FIG. 6. As
described in the first embodiment, the direction of extension
of each indented structure in the second region (the second
subregion) may be set in the second direction or a direction
tilted by an angle within 65 degrees to the left or right from
the second direction.

[0250] FIG. 6 illustrates the example of the subregions in
the second region, which have the indented structures
extending in the directions different from each other. How-
ever, in this embodiment, the second region may include
subregions having at least any of the following features that
are different from each other, namely, the directions of
extension, the pitches, and the depths (the heights) of the
indented structures.

[0251] In addition, while each of the first region and
second region includes the two subregions in FIG. 6, the
number of subregions is not limited only to two and each of
the first region and the second region may include three or
more subregions.

[0252] In present invention, the depth of the indented
structure provided in the subregion R1-2 may be increased
as in the laminate 10 shown in FIG. 6. In this way, adhesion
between two upper and lower layers interposing the indented
structure is improved by an anchor effect (a wedge effect).
Alternatively, a similar anchor effect can also be obtained by
forming the indented structure having a rectangular cross-
sectional shape instead of using the indented structure of a
high aspect ratio.

[0253] The laminate 10 of present invention can also
ensure high adhesion by partially providing any of the
above-described structures having the anchor effect.

[0254] The laminate 10 according to the third embodiment
can be manufactured in accordance with the method
described in the previous section <Manufacturing Method of
Laminate>. To be more precise, the relief structure forming
layer may be formed in the step (a) in such a way that the
first region R1 and the second region R2 have the desired
indented structures, and then the steps (b) to (f) may be
carried out.

Fourth Embodiment

[0255] Next, a fourth embodiment of present invention
will be described.

[0256] A laminate of this embodiment similar to that of
third embodiment includes the first region and second region
with multiple subregions. Here, between two different sub-
regions, at least any of the following features are different
from each other, namely, the directions of extension, the
pitches, and the depths (the heights) of the indented struc-
tures.

[0257] FIG. 7 is a schematic plan view showing the
laminate 10 according to the fourth embodiment of present
invention.

[0258] In the laminate 10 shown in FIG. 7, the first region
includes two subregions with indented structures, which
have the pitches and the aspect ratios being different from
each other. Specifically, a first subregion R1-3 extends in the
first direction and forms a drawing pattern of a star including
a diffraction structure having a sinusoidal cross-sectional
shape with the pitch of 600 nm, the depth of 150 nm, and the



US 2020/0070467 Al

aspect ratio of 0.25. A first subregion R1-4 extends in the
first direction and forms a drawing pattern of the sun
including a diffraction structure having a sinusoidal cross-
sectional shape with the pitch of 750 nm, the depth of 150
nm, and the aspect ratio of 0.20.

[0259] The second region includes the two subregions
which have the indented structures with the directions of
extension being different from each other. Specifically, the
second region includes the second subregion R2-1 which has
the indented structure extending in the direction tilted by 45
degrees to the right (+45 degrees) from the second direction,
and the second subregion R2-2 which has the indented
structure extending in the direction tilted by 45 degrees to
the left (-45 degrees) from the second direction.

[0260] This embodiment is not limited to the example
shown in FIG. 7 in light of the directions of extension, the
pitches, the depths, and the aspect ratios of the indented
structures. This embodiment can also adopt those described
in the first embodiment.

[0261] In the laminate 10 shown in FIG. 7, the first layer
is taken away in the first region (the first subregions).
Accordingly, it is also possible to obtain a diffraction effect
in the first subregions by providing the first region with a
third layer made of a highly refractive material being
different from the material of the first layer. Specifically,
when aluminum is used as the material of the first layer
while zinc sulfide being a highly transparent and highly
refractive material is used as the material of the third layer,
bright diffraction light attributed to aluminum is observed in
each of the second subregions R2-1 and R2-2 while highly
transparent diffraction light can be obtained in each of the
first subregions R1-3 and R1-4.

[0262] The laminate 10 according to the fourth embodi-
ment can be manufactured in accordance with the method
described in the previous section <Manufacturing Method of
Laminate>. To be more precise, the relief structure forming
layer may be formed in the step (a) in such a way that the
first region R1 and the second region R2 have the desired
indented structures, and then the steps (b) to (f) maybe
carried out. Here, if the third layer is provided, then the
material of the third layer may be deposited so as to form a
desired film thickness on the entire surfaces of the first and
second regions on the first layer side of the laminate 10
obtained in the step (f).

[0263] A publicly known coating method or vapor-phase
deposition method can be used as the method of depositing
the material of the third layer. For example, a coating
method such as spray coating can be used as the coating
method. As for the vapor-phase deposition method, it is
possible to use any of vapor-deposition methods of a
vacuum deposition method, a sputtering method, a chemical
vapor deposition method (CVD method), and the like.
[0264] A highly transparent and highly refractive material
such as zinc sulfide and titanium oxide can be used as the
material of the third layer.

Fifth Embodiment

[0265] Next, a fifth embodiment of present invention will
be described.
[0266] This embodiment has such a feature that the first

layer, the second layer, and an etching mask layer are
included in this order in part of the first region of the relief
structure forming layer of the first embodiment.
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[0267] FIG. 8A is a plan view schematically showing the
laminate 10 according to the fifth embodiment, and FIG. 8B
is a cross-sectional view taken along the VIIIB-VIIIB line in
FIG. 8A.

[0268] As shown in FIG. 8A, the first region has the
indented structure that extends in the first direction and
includes first regions R1-5 and R1-6 in shapes of a star and
a crescent, respectively. The second region R2 has the
indented structure that extends in the second direction.

[0269] As illustrated in FIG. 8B, the laminate 10 shown in
FIG. 8A includes the relief structure forming layer 2, the first
layer 4 in the second region R2 and the first region R1-6, and
the second layer 6 and an etching mask layer 8 in the first
region R1-6, which are provided in this order.

[0270] Without limitation to the directions of extension of
the indented structures shown in FIG. 8A, the directions
described in the first embodiment are also included in this
embodiment. Moreover, the pitches, the depths, and the
aspect ratios of the indented structures described in the first
embodiment can be adopted.

[0271] The laminate 10 of this embodiment can retain the
shape of the etching mask layer 8 as individual information,
because the shape of the etching mask layer 8 is formed in
close relation with a pattern of the relief structure forming
layer and it is therefore extremely difficult to alter the
individual information. As a consequence, the laminate 10 of
this embodiment exerts a high forgery prevention effect.

[0272] Regarding a method of manufacturing the laminate
10 according to the fifth embodiment, the second material
laminate 30 is formed in the first place by conducting the
steps (a) to (d) corresponding to FIGS. 2(a) to 2(d) of the
method described with reference to FIG. 2. Subsequently, a
material of the etching mask layer 8 is deposited at a
prescribed position in the first region to form the etching
mask layer 8.

[0273] The etching mask layer 8 can be disposed by use of
a publicly known method such as a printing method and a
lithography method. Examples of the material of the etching
mask layer 8 usable herein include thermoplastic resins,
thermosetting resins, and radiation curable resins. In addi-
tion, in order to enhance designability and the forgery
prevention performance, a functional pigment serving as a
special pigment for security such as a fluorescent pigment
and a phosphorescent pigment as well as a color material
may be added to any of the aforementioned materials.

[0274] Subsequently, the laminate 10 inclusive of the
etching mask layer 8 is exposed to the reactive gas or liquid
that reacts with the first material constituting the first mate-
rial layer 4". Though pores are formed in the second material
layer 6' at the portion R1-5 in the first region R1, such pores
are rare in the second region R2. Accordingly, the portion
R1-5 in the first region is more susceptible to etching than
the second region R2. Moreover, as shown in FIG. 8B, the
etching mask layer 8 is not formed at the portion R1-5 in the
first region whereas the etching mask layer 8 is formed at the
portion R1-6 in the first region. Accordingly, the portion
R1-5 in the first region is more susceptible to etching than
the portion R1-6 in the first region.

[0275] For this reason, it is possible to remove the first
layer 4 and the second layer 6 at the portion R1-5 in the first
region by adjusting the concentration and the temperature of

the reactive gas or liquid, the processing time of the etching,
and the like.



US 2020/0070467 Al

[0276] Lastly, the second layer in the second region R2 is
removed from the laminate obtained by the etching.
[0277] An example of a method of removing the second
layer includes a method of exposing the laminate obtained
by the etching to a reactive gas or liquid, which reacts only
with the second material constituting the second layer 6.
[0278] The second layer at the portion R1-6 in the first
region R1 is provided with the etching mask layer 8, and
therefore remains without being removed by the etching.
[0279] In this way, the laminate 10 according to the fifth
embodiment can be obtained as shown in FIGS. 8A and 8B.
[0280] As described above, it is possible to achieve more
complex patterning of the first layer by combining the
manufacturing method of the laminate 10 according to the
first embodiment with the publicly known printing method
and the like for forming the etching mask layer 8.

[0281] The various embodiments described above may
also be applied in combination.

[0282] The laminate of present invention may be used as
part of an adhesive label. Such an adhesive label includes the
laminate, and an adhesive layer provided on a back surface
of the laminate.

[0283] In the meantime, the laminate of present invention
may also be used as a portion of a transfer foil. Such a
transfer foil includes the laminate and a support layer
releasably supporting the laminate.

[0284] The laminate of present invention may also be used
by being supported by an article. For example, the laminate
of present invention may be supported by a plastic card and
the like. Meanwhile, the laminate of present invention may
be used by being embedded in a paper. The laminate of
present invention may also be crushed into scales and used
as an ingredient of a pigment.

[0285] The laminate of present invention may be used for
purposes other than forgery prevention. For instance, the
laminate can also be used in a toy, a learning material, an
ornament, and an electronic circuit.

EXAMPLES

[0286] Now, present invention will be specifically
explained by representing examples. It is to be noted,
however, that present invention is not limited to the follow-
ing examples.

[0287] <Manufacture of Laminates of Present Invention>
Example 1
[0288] First, an ink composition described below was

prepared as a raw material of the “relief structure forming
layer™:

[0289] “Relief Structure Forming Layer Ink Composition”
(Ultraviolet Curable Resin)

Urethane acrylate

(hitaroide 7903 manufactured by Hitachi
Chemical: polyfunctional)
Methylethylketone

Ethyl acetate

Photoinitiator

50.0 parts by mass

30.0 parts by mass
20.0 parts by mass
1.5 parts by mass

(Irgacure 184 manufactured by Ciba Specialty Chemicals).
[0290] The “relief structure forming layer ink composi-
tion” was coated on a support made of a transparent poly-
ethylene terephthalate (PET) film having a thickness of 23
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um using gravure printing, and then dried, resulting in the
relief structure forming layer with a dry film thickness of 1
um on the support.

[0291] Subsequently, molding was performed by use of a
roll photopolymer method, in which a cylindrical original
plate including the “first region” and the “second region”
having the desired indented structures was pressed against
the coated surface at a pressure of 2 Kgfilcm®, a press
temperature of 80° C., and a press speed of 10 m/min.
[0292] Along with the molding, ultraviolet exposure at
300 mJ/cm? for the curing was conducted from the PET film
side by using a high-pressure mercury lamp.

[0293] In this way, the relief structure forming layer was
obtained in which the “first region™ had a corrugated plate
structure with a depth of 120 nm and a pitch of 700 nm, the
“second region” had a corrugated plate structure with a
depth of 120 nm and a pitch of 700 nm, and the direction of
extension of the corrugated plate structure in the first region
was orthogonal to the direction of extension of the corru-
gated plate structure in the second region.

[0294] Subsequently, the relief structure forming layer
was located in the roll-type vacuum vapor deposition
machine such that a direction of conveyance of the film by
the vapor deposition machine was parallel to (coincided
with) the direction of extension of the corrugated plate
structure in the first region. Thereafter, the first material
laminate was formed by performing oblique vacuum vapor
deposition of aluminum as the first material on the entire
surface of the relief structure forming layer such that a flat
smooth plane portion thereof had a thickness of 70 nm.

[0295] Moreover, the first material laminate was located in
the roll-type vacuum vapor deposition machine such that the
direction of conveyance of the film by the vapor deposition
machine was parallel to the direction of extension of the
corrugated plate structure in the first region. Thereafter, the
second material laminate was formed by performing oblique
vacuum vapor deposition of silicon oxide as the second
material on the entire surface of the first material layer of the
first material laminate such that a flat smooth plane portion
thereof had a thickness of 50 nm.

[0296] Subsequently, the second material laminate was
immersed for one minute in a sodium hydroxide aqueous
solution having a mass concentration of 1.5% and a tem-
perature of 45° C., and the laminate was obtained which
sequentially included the aluminum layer (the first layer)
and the silicon oxide layer (the second layer) only in the
second region of the relief structure forming layer.

[0297] Thereafter, the first layer and the second layer
patterned by the etching were covered with the covering
layer in order to protect these layers. Specifically, a “cov-
ering layer ink composition” described below was coated
with a bar-coat printing method on the entire surface on the
first layer and the second layer side patterned by the etching.
Then, the coated body was dried for one minute in an oven
at 120° C., to obtain the laminate with the covering layer
having a dried film thickness of 2 pm.

[0298] “Covering Layer Ink Composition”

Vinyl chloride vinyl acetate resin
Methylethylketone
Ethyl acetate

50.0 parts by mass
30.0 parts by mass
20.0 parts by mass
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Example 2

[0299] The laminate was obtained in a manner similar to
that in Example 1, except that the second region of the relief
structure forming layer was segmented into three subregions
of' a “region 2-1”, a “region 2-2”, and a “region 2-3”, and
that the structures of the respective regions were provided as
described below:

[0300] “Region 2-1”: A corrugated plate structure extend-
ing in a direction inclined by 25° with respect to the
direction of conveyance of the film by the vapor deposition
machine, and having the depth of 120 nm and the pitch of
700 nm;

[0301] “Region 2-2”: A corrugated plate structure extend-
ing in a direction inclined by 70° with respect to the
direction of conveyance of the film by the vapor deposition
machine, and having the depth of 120 nm and the pitch of
700 nm; and “Region 2-3": A corrugated plate structure
extending in a direction inclined by 90° with respect to the
direction of conveyance of the film by the vapor deposition
machine, and having the depth of 120 nm and the pitch of
700 nm.

Example 3

[0302] The laminate was obtained in a manner similar to
that in Example 2, except that the first region of the relief
structure forming layer was segmented into two subregions
of'a “region 1-1” and a “region 1-2”, and that the structures
of the respective regions were provided as described below:
[0303] “Region 1-1”: A corrugated plate structure extend-
ing in the direction of conveyance of the film by the vapor
deposition machine, and having the depth of 120 nm and the
pitch of 700 nm; and

[0304] “Region 1-2”: A corrugated plate structure extend-
ing in a direction inclined by 5° with respect to the direction
of conveyance of the film by the vapor deposition machine,
and having the depth of 120 nm and the pitch of 700 nm.

Example 4

[0305] The laminate was obtained in a manner similar to
that in Example 3, except that the pitch of the corrugated
plate structure in each of the three subregions of the “region
2-17, the “region 2-2”, and the “region 2-3” was set to 1000
pm.

Example 5

[0306] The laminate was obtained in a manner similar to
that in Example 3, except that the pitch of the corrugated
plate structure in each of the two subregions of the “region
1-1” and the “region 1-2” was set to 1000 pum.

Example 6

[0307] The laminate was obtained in a manner similar to
that in Example 1, except that the first region of the relief
structure forming layer was formed into a corrugated plate
structure having the depth of 120 nm and the pitch of 700
nm, with a cross-grating structure in which the grooves (the
recessed portions) of the corrugated plate structure extended
in two directions of £10° with respect to the direction of
conveyance of the film by the vapor deposition machine, and
that the second region of the relief structure forming layer
was formed into a corrugated plate structure having the
depth of 120 nm and the pitch of 700 nm, with a cross-
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grating structure in which the grooves (the recessed por-
tions) of the corrugated plate structure extended in two
directions of 80° and 90° with respect to the direction of
conveyance of the film by the vapor deposition machine.

Example 7

[0308] The laminate was obtained in a manner similar to
that in Example 1, except that the first region of the relief
structure forming layer was formed into a corrugated plate
structure extending in the direction of conveyance of the
film by the vapor deposition machine, and having the depth
of 170 nm and the pitch of 650 nm, and that the second
region of the relief structure forming layer was formed into
a corrugated plate structure extending in a direction orthogo-
nal to the direction of conveyance of the film by the vapor
deposition machine, and having the depth of 170 nm and the
pitch of 650 nm.

Example 8

[0309] The laminate was obtained in a manner similar to
that in Example 1, except that the first region of the relief
structure forming layer was formed into a scattering struc-
ture including a corrugated plate structure extending in the
direction of conveyance of the film by the vapor deposition
machine, and having the depths in a range from 130 nm to
165 nm and the pitches in a range from 230 nm to 400 nm,
and that the second region of the relief structure forming
layer was formed into a scattering structure including a
corrugated plate structure extending in the direction
orthogonal to the direction of conveyance of the film by the
vapor deposition machine, and having the depths in a range
from 130 nm to 165 nm and the pitches in a range from 230
nm to 400 nm.

Example 9

[0310] The laminate was obtained in a manner similar to
that in Example 1, except that the first region of the relief
structure forming layer was formed into the corrugated plate
structure extending in the direction of conveyance of the
film by the vapor deposition machine, and having the depth
of 170 nm and the pitch of 650 nm, and that the second
region of the relief structure forming layer was formed into
the scattering structure including the corrugated plate struc-
ture extending in the direction orthogonal to the direction of
conveyance of the film by the vapor deposition machine, and
having the depths in the range from 130 nm to 165 nm and
the pitches in the range from 230 nm to 400 nm.

[0311] <Items and Results of Evaluations>

[0312] The following evaluations were made on the lami-
nates of Examples 1 to 9.

[0313] (Evaluations on Selective Removal of First Layer)
[0314] The laminates obtained in Examples 1 to 9 were
subjected to evaluations as to whether or not the first layer
(the aluminum layer) was not removed in the first region and
the first layer (the aluminum layer) was removed in the
second region (hereinafter also referred to as “selective
removal of the first layer”). To be more precise, visible light
transmittance was measured in terms of portions corre-
sponding to the “first region” and the “second region” of
each laminate, and each laminate was evaluated on the basis
of the following criteria.

[0315] Among the laminates, those having the transmit-
tance at the portion corresponding to the “first region” above
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90% and the transmittance at the portion corresponding to
the “second region” equal to below 20% were evaluated as
“0 (good)” while the rest were evaluated as “x (insufficient)
[0316] The results are shown in Table 1 below.

[0317] (Evaluation of Positional Accuracy of First Layer)
[0318] The laminates obtained in Examples 1 to 9 were
subjected to evaluations on positional accuracy of the first
layer. To be more precise, each laminate was subjected to
measurement of a maximum value of the shortest distance
from the contour of the first layer to a boundary between the
“first region” and the “region”, and the positional accuracy
of the first layer was evaluated on the basis of the following
criteria.

[0319] A case of causing a position gap below 20 um was
evaluated as “o (good)” while a case of causing a position
gap equal to or above 20 um was evaluated as “x (insuffi-
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[0324] Further, according to the manufacturing method of
a laminate of present invention, the first layer can be
selectively removed from the first region even when the
aspect ratios of the relief structure forming layer in the first
region and in the second region are equal to each other
(Examples 1 to 3, and 6 to 8) or when the aspect ratio in the
second region is larger than that in the first region (Examples
5 and 9). This cannot be achieved by a conventional method
that is capable of leaving the first layer (the metal reflective
layer) only in a region that includes the indented structure
with a smaller aspect ratio by use of a difference in aspect
ratio between the respective regions, namely, the first region
and the second region.

[0325] The laminate of Example 8 has the aspect ratio in
the range from 0.41 to 0.57, which is higher than an aspect
ratio in a range from about 0.1 to 0.3 usually applied to a
diffraction grating. Such an indented structure with the large

cient)”. aspect ratio can possibly constitute either a lens such as a
[0320] The results are shown in Table 1 below. prism structure or a scattering structure that scatters light in
TABLE 1
ANGLE OF DIRECTION
OF EXTENSION OF
CORRUGATED STRUCTURE
WITH RESPECT TO ASPECT RATIO OF EVALUATION RESULT
DIRECTION OF RELIEF STRUCTURE SELECTIVE POSITIONAL
CONVEYANCE OF LAMINATE __FORMING LAYER _ REMOVAL ACCURACY
FIRST SECOND FIRST ~ SECOND OF FIRST  OF FIRST

LAMINATE REGION REGION REGION REGION  LAYER LAYER
EXAMPLE 1 0° 90° 0.17 0.17 o o
EXAMPLE 2 0° 25° 0.17 0.17 o o

70°

90°
EXAMPLE 3 0° 5° 25° 0.17 0.17 o o

70°

90°
EXAMPLE 4 0° 5° 25° 0.17 0.12 o o

70°

90°
EXAMPLE 5 0° 5° 25° 0.12 0.17 o o

70°

90°
EXAMPLE 6 £10° 80° 0.17 0.17 o o

90°
EXAMPLE 7 0° 90° 0.26 0.26 o o
EXAMPLE 8 0° 90° 0.41-0.57  0.41-0.57 o o
EXAMPLE 9 0° 90° 0.26 0.41-0.57 o o
[0321] The “aspect ratio” in Table 1 means an average specific directions. Accordingly, freedom of design is

value of ratios of the depths to the pitches of the grooves.

[0322] As can be seen from Table 1, each of the laminates
obtained in Examples 1 to 9 had the visible light transmit-
tance in excess of 90% in the first region and the visible light
transmittance equal to or below 20% in the second region.
In the meantime, when external appearance of each laminate
was observed, the first layer in the second region remained
in its entirety without being partially removed. Accordingly,
the laminates obtained in Examples 1 to 9 are deemed to
achieve favorable selective removal of the first layer and
have favorable positional accuracy of the first layer.

[0323] As described above, the laminates obtained in
Examples 1 to 9 are excellent both in the selective removal
of the first layer and in the positional accuracy of the first
layer.

increased when such a structure can retain the first layer, and
the laminate is hence applicable to various uses.

[0326] Moreover, present invention does not always
require the indented structure with a high aspect ratio, and
therefore has advantages of being capable of reducing the
thickness of an end product, achieving lower costs, and so
forth.

REFERENCE SIGNS LIST

[0327] 2 relief structure forming layer
[0328] 4 first layer

[0329] 6 second layer

[0330] 10 laminate

1. A laminate comprising:
a relief structure forming layer having a principal surface
including first and second regions; and
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a first layer provided either only in the second region or
in the second region as well as in part of the first region
of the relief structure forming layer,

wherein the relief structure forming layer comprises

the first region having an indented structure extending
in a first direction or a direction tilted by an angle
within 10 degrees to left or right from the first
direction in a plan view, and

the second region having at least one of a flat surface
and an indented structure extending in a second
direction orthogonal to the first direction or a direc-
tion tilted by an angle within 65 degrees to left or
right from the second direction in a plan view, and

wherein the first layer comprises a first material different
from a material of the relief structure forming layer, and
has a surface shape corresponding to a surface shape of
the relief structure forming layer.

2. The laminate according to claim 1, wherein
the second region comprises a plurality of subregions, and

between two of the subregions, at least one of a direction
of extension, a pitch, and a depth or height of the
indented structure of one of the subregions is different
from the corresponding one of the direction, the pitch,
and the depth or height of the indented structure of the
other subregion.
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3. The laminate according to claim 1, wherein

the first region comprises a plurality of subregions, and

between two of the subregions, at least one of a direction

of extension, a pitch, and a depth or height of the
indented structure of one of the subregions is different
from the corresponding one of the direction, the pitch,
and the depth or height of the indented structure of the
other subregion.

4. The laminate according to claim 1, wherein the second
region comprises a cross-grating structure formed from
indented structures extending in at least two directions.

5. The laminate according to claim 1, wherein the first
region comprises a cross-grating structure formed from
indented structures extending in at least two directions.

6. The laminate according to claim 1, wherein the lami-
nate comprises a second layer to cover at least the first layer.

7. The laminate according to claim 6, wherein the lami-
nate comprises an etching mask layer located on the second
layer included in part of the first region of the relief structure
forming layer.

8. The laminate according to claim 1, wherein the first
material is selected from the group consisting of:

metals Al, Sn, Cr, Ni, Cu, Au, Ag;

compounds and alloys of any of the metals; and

Sb,0;, Fe,0,, TiO,, CdS, CeO,, ZnS, PbCl,, CdO, WO,,

Si0, Si,0;, In,05, PbO, Ta,0,, Ta,0s5, Zn0, ZrO,,
MgO, SiO,, Si,0,, MgF,, CeF;, CaF,, AlF,, Al,O,,
silicon oxides (SiO,, 1<X<2), and GaO.

#* #* #* #* #*



