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DESCRIPTION

MOLD BASE MATERIAL, PRODUCTION METHOD FOR MOLD BASE MATERIAL,

MOLD PRODUCTION METHOD, AND MOLD

TECHNICAL FIELD

[0001] The present invention relates to a mold base, a
mold base manufacturing method, a mold manufacturing method,
and a mold, and particularly to a mold which has a porous
alumina layer over its surface. In this specification, the
*mold” includes molds that are for use in various procesgsging
methods (stamping and casting), and is sometimes referred to
as a stamper. The "“mold” can also be used for printing

(including nanoimprinting).

BACKGROUND ART

[0002] Display devices for use in TVs, cell phones, etc.,
and optical elements, such as camera lenses, etc., usually
adopt an antireflection technique in order to reduce the
surface reflection and increase the amount of 1light
transmitted therethrough. This is because, when 1light is
transmitted through the interface between media of different
refractive indices, e.g., when light is incident on the
interface between air and glass, the amount of transmitted

light decreases due to, for example, Fresnel reflection, thus
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deteriorating the visibility.

[0003] An antireflection technique which has been
receiving attention in recent vears 1is forming over a
substrate surface a very small uneven pattern in which the
interval of recessed portions or raised portions is not more
than the wavelength of visgible light (A=380 nm to 780 nm).
See Patent Documents 1 to 4. The two-dimensional size of a
raised portion of an uneven pattern which performs an

antireflection function is not less than 10 nm and less than

500 nm.
[0004] This method utilizes the principles of a so-called
moth-eye structure. The refractive index for light that is

incident on the substrate is continuously changed along the
depth direction of the recessed portions or raised portions,
from the refractive index of a medium on which the light is
incident to the refractive index of the substrate, whereby
reflection of a wavelength band that is subject to
antireflection is prevented.

[0005] The moth-eye structure is advantageous in that it
is capable of performing an antireflection function with
small incident angle dependence over a wide wavelength band,
as well as that it is applicable to a number of materials,
and that an uneven pattern can be directly formed in a
substrate. As such, a high-performance antireflection film

(or antireflection surface) can be provided at a low cost.
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[0006] Ag the method of forming a moth-eye structure,
using an anodized porous alumina layer which is obtained by
means of anodization of aluminum has been receiving attention
(Patent Documents 2 to 4).

[0007] Now, the anodized porous alumina layer which is
obtained by means of anodization of aluminum is briefly
described. Conventionally, a method of forming a porous
structure by means of anodization has been receiving
attention as a simple method for making nanometer-scale
micropores (very small recessed portions) in the shape of a
circular column in a regular arrangement. An aluminum base
is immersed in an acidic electrolytic solution of sulfuric
acid, oxalic acid, phosphoric acid, or the 1like, or an
alkaline electrolytic solution, and this is used as an anode
in application of a voltage, which causes oxidation and
dissolution. The oxidation and the dissolution concurrently
advance over a surface of the aluminum base to form an oxide
film which has micropores over itsg surface. The micropores,
which are in the shape of a circular column, are oriented
vertical to the oxide film and exhibit a self-organized
regularity under certain conditions (voltage, electrolyte
type, temperature, etc.). Thus, this anodized porous alumina
layer is expected to be applied to a wide variety of
functional materials.

[0008] A porous alumina layer formed under specific
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conditions includes cells in the shape of a generally regular
hexagon which are 1in a closest packed two-dimensional
arrangement when seen in a direction perpendicular to the
film surface. Each of the cells has a micropore at its
center. The arrangement of the micropores is periodic. The
cells are formed as a result of local dissolution and growth
of a coating. The dissolution and growth of the coating
concurrently advance at the bottom of the micropores which is
referred to as a barrier layer. As known, the interval
between adjacent micropores (the distance Dbetween the
centers), is approximately twice the thickness of the barrier
layer, and is approximately proportional to the voltage that
is applied during the anodization. It is also known that the
diameter of the micropores depends on the type,
concentration, Lemperature, etc., of the electrolytic
solution but is, usually, about 1/3 of the size of the cells
(the length of the longest diagonal of the cell when seen in
a direction vertical to the film surface). Such micropores
of the porous alumina may constitute an arrangement which has
a high regularity (periodicity) under specific conditions, an
arrangement with a regularity degraded to some extent
depending on the conditions, or an irreqular (non-periodic)
arrangement.

[0009] Patent Document 2 discloses a method of producing

an antireflection film (antireflection surface) with the use
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of a stamper which has an anodized porous alumina film over
its surface.

[0010] Patent Document 3 discloses the technique of
forming tapered recesses with continuously changing pore
diameters by repeating anodization of aluminum and a pore
diameter increasing process.

[0011] The applicant of the present application discloses,
in Patent Document 4, the technique of forming an
antireflection film with the use of an alumina layer in which
very small recessed portions have stepped lateral surfaces.
[0012] As described in Patent Documents 1, 2, and 4, by
providing an uneven structure (macro structure) which 1is
greater than a moth-eye structure (micro structure) in
addition to the moth-eye structure, the antireflection film
(antireflection surface) can be provided with an antiglare
function. The two-dimensional size of a raised portion of
the wuneven structure which 1is capable of performing the
antiglare function is not less than 1 um and less than 100
pm.

[0013] Utilizing an anodized porous aluminum film can
facilitate the manufacture of a mold which is used for
formation of a moth-eye structure over a surface
(hereinafter, “moth-eye mold”). In particular, as described
in Patent Documents 2 and 4, when the surface of the anodized

aluminum film as formed is wused as a mold without any
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modification, a large effect of reducing the manufacturing
cost 1is achieved. The structure of the surface of a moth-eye
mold which is capable of forming a moth-eye structure is
herein referred to as “inverted moth-eye structure”.

[0014] A known antireflection film production method with
the use of a moth-eye mold wuses a photocurable resin.
Firstly, a photocurable resin is applied over a substrate.
Then, an uneven surface of a moth-eye mold which has
undergone a mold release treatment is pressed against the
photocurable resin in vacuum, whereby the uneven structure at
the surface of the moth-eye mold is filled with the
photocurable resin. Then, the photocurable resin in the
uneven structure is irradiated with ultraviolet light so that
the photocurable resin is cured. Thereafter, the moth-eye
mold is separated from the substrate, whereby a cured layer
of the photocurable resin to which the uneven structure of
the moth-eye mold has been transferred is formed over the
surface of the substrate. The method of producing an
antireflection film with the use of the photocurable resin is
disclosed in, for example, Patent Document 4.

[0015] The above-described moth-eye mold can be fabricated
using an aluminum base, such as typically a substrate made of
aluminum or a cylinder made of aluminum, or an aluminum film
formed on a support that is made of a non-aluminum material,

such as typically a glass substrate. However, in a moth-eye
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mold manufactured using an aluminum film formed on a glass
substrate or plastic film, the adhesive property between the
aluminum film (part of which is an anodized film) and the
glass substrate or plastic film deteriorates in some cases.
The applicant of the present application found that, by
forming an inorganic wunderlayer (e.g., Si0, layer) and a
buffer layer containing aluminum (e.g., AlOx layer) on a
surface of a base which is made of glass or plastic, the
above-described deterioration of the adhesive property is
prevented. This is disclosed in Patent Document 5.

[0016] The applicant of the present application developed
a method for efficiently producing an antireflection £film
using a moth-eye mold in the form of a cylinder (roll)
according to a roll-to-roll method (e.g., WO 2011/105206).
The moth-eye mold in the form of a cylinder can be formed by,
for example, forming an organic insulating layer over an
outer perimeter surface of a metal c¢ylinder, forming an
aluminum film on this organic insulating layer, and
alternately and repeatedly performing anodization and etching
on the aluminum film. In this case also, the adhesive
property can be improved by forming the inorganic underlayer
and the buffer layer disclosed in Patent Document 5.

[0017] According to further researches carried out by the
present inventors, an aluminum film formed on an organic

insulating layer contains abnormal grains in many cases. The
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abnormal graing are formed by abnormal growth of a crystal of
aluminum. The aluminum film is an aggregation of crystal
grains whose average grain diameter (average grain size) is
about 200 nm. On the other hand, the grain diameter of the
abnormal grains is larger than the average grain diameter,
e.g., not 1less than 500 nm in some cases. The organic
insulating layer has a lower thermal conductivity than the
other materials (metal materials and inorganic insulating
films), and therefore, the aluminum film readily reaches a
relatively high temperature in the process of deposgiting the
aluminum film (e.g., sputtering or vapor deposition). As a
result, it is inferred that abnormal growth of crystal grains
is likely to occur, i.e., abnormal grains are likely to be
produced. Note that such a phenomenon can also occur when an
aluminum £film is directly deposited on a surface of an
aluminum pipe (e.g., the thickness is not less than 1 mm).

[(0018] When a moth-eye mold is manufactured wusing an
aluminum film in which abnormal grains are present,
structures corresponding to the abnormal grains are formed in
the surface of a porous alumina layer of the moth-eye mold.
When an antireflection film is formed using such a moth-eye
mold, the structures corresponding to the abnormal grains are
transferred to the surface of the antireflection £film.
Therefore, light 1is scattered by the structures transferred

to the surface of the antireflection film which are
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attributed to the abnormal grains. That 1is, the
antireflection film has a haze. In the case where the
antireflection film is provided with an antiglare function as
described above, no problem occurs in some cases even when
the antireflection film has a haze which is attributed to the
abnormal grains. However, there is such a problem that an
antireflection film which does not have an antiglare function
cannot be producing. Further, it is difficult to control the
formation density (frequency of occurrence) of abnormal
grains, and therefore, from the viewpoint of mass
productivity, preventing production of abnormal grains 1is
preferred.

[0019] The present inventors disclose in the international
patent application (PCT/JP2012/058394, WO 2012/137664) that
an aluminum alloy layer which contains aluminum and such a
metal element that the absolute value of the difference
between the standard electrode potential of the metal element
and the standard electrode potential of aluminum is not more
than 0.64 V (for example, the metal element may be Ti, Nd,
Mn, Mg, Zr, V, and Pb, and the content of the metal element
in the entire aluminum alloy layer is less than 10 mass%)
scarcely containg abnormal grains, and as a result, a mold
can be obtained which i1s capable of producing an
antireflection film that does not have an undesirable haze.

[0020] The entire disclosures of Patent Documents 1, 2, 4,
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and 5 and the above-identified international patent

application are herein incorporated by reference.

CITATION LIST

PATENT LITERATURE
[0021]

Patent Document 1: Japanese PCT National Phase Laid-Open
Publication No. 2001-517319

Patent Document 2: Japanese PCT National Phase Laid-Open
Publication No. 2003-531962

Patent Document 3: Japanese Laid-Open Patent Publication
No. 2005-156685

Patent Document 4: WO 2006/059686

Patent Document 5: WO 2010/116728

Patent Document 6: WO 2010/073636

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0022] According to further researches carried out by the
present inventors, it was found that when occurrence of
abnormal grains is prevented using the method described in
the above-identified international patent application, the
regultant aluminum alloy layer has high specularity, but
stable formation of an aluminum alloy 1layer of higher

specularity (e.g., with the average reflectance to visible
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light being not less than 86%) 1is not easy. It was found
that the reason for that 1is that when forming an aluminum
alloy layer which has a thickness of not less than 500 nm,
the crystal grain diameter is likely to increase, and as a
result, the surface roughness is 1likely to increase, and
voids are likely to be formed between crystal grains.

[0023] The present invention was conceived for the purpose
of solving the above problems. The major objects of the
present invention include providing a mold base which
includes an aluminum alloy layer of high specularity and a
manufacturing method of the mold base, and providing a
manufacturing method of a mold which includes the mold base

and a mold which includes the mold base.

SOLUTION TO PROBLEM

[(0024] A mold base of an embodiment of the present
invention is a mold base for use in manufacture of a mold
that has a porous alumina layer over its surface, including:
a base; and an aluminum alloy layer provided on the base,
wherein the aluminum alloy layer contains aluminum, a non-
aluminum metal element, and nitrogen. The thickness of the
aluminum alloy layer is preferably not less than 500 nm and
not more than 1000 nm.

[0025] In one embodiment, an average grain diameter of

crystal grains that form the aluminum alloy layer when viewed
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in a normal direction of the aluminum alloy layer is not more
than 100 nm, and a maximum sgurface roughness Rmax of the
aluminum alloy layer is not more than 60 nm.
[0026] In one embodiment, a content of the nitrogen in the
aluminum alloy layer is not less than 0.5 mass% and not more
than 5.7 mass%.
[0027] In one embodiment, an absolute wvalue of a
difference between a standard electrode potential of the
metal element and a standard electrode potential of aluminum
is not more than 0.64 V, and a content of the metal element
in the aluminum alloy layer ig not less than 1.0 mass% and
not more than 1.9 mass%.
[0028] In one embodiment, the metal element is Ti or Nd.
The metal element is not limited to these examples but may be
such a different metal element that the absolute value of the
difference between the standard electrode potential of the
metal element and the standard electrode potential of
aluminum is not more than 0.64 V (for example, Mn, Mg, 2r, V,
and Pb). The metal element may be Mo, Nb, or Hf. The
aluminum alloy layer may contain two or more of these metal
elements.
[0029] In one embodiment, the base is a metal base, and
the mold base further includes an 1inorganic underlayer
provided between the metal base and the aluminum alloy layer.

[0030] In one embodiment, the mold base further includes

12
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an organic insulating layer provided between the metal base
and the inorganic underlayer.

[0031] In one embodiment, the mold base further includes a
buffer layer provided between the inorganic underlayer and
the aluminum alloy layer, wherein the buffer layer contains
aluminum, the metal element, and oxygen or nitrogen. In one
embodiment, the thickness of the buffer layer is preferably
not less than 10 nm and not more than 500 nm.

[0032] In one embodiment, the buffer layer has such a
profile that the contents of aluminum and the metal element
in the buffer layer are higher in a portion which is closer
to the aluminum alloy layer than in another portion which is
closer to the inorganic underlayer.

[0033] In one embodiment, the inorganic underlayer is a
silicon oxide layer, a tantalum oxide layer, or a titanium
oxide layer. In one embodiment, the thickness of the
inorganic underlayer is preferably not less than 50 nm and
not more than 300 nm.

[0034] In one embodiment, the organic insulating layer is
an electrodeposition layer.

[0035] In one embodiment, the metal base has a cylindrical
shape, and the inorganic underlayer is provided over an outer
perimeter surface of the cylindrical metal base.

[0036] A mold base manufacturing method of an embodiment

of the present invention is a method for manufacturing a mold
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base that includes a cylindrical base and an aluminum alloy
layer provided on the base, the aluminum alloy layer
containing aluminum, a non-aluminum metal element, and
nitrogen, the method including the steps of: (a) arranging
the cylindrical base in a film formation chamber so as to be
at least capable of rotating around its own cylindrical axis;
and (b) depositing the aluminum alloy layer over an outer
perimeter surface of the base according to a DC magnetron
sputtering method, using a target that contains aluminum and
a non-aluminum metal element, in an atmosphere in the film
formation chamber in which a nitrogen gas is mixed, while the
base is kept rotating around its own cylindrical axis.

[0037] In one embodiment, step (a) includes arranging a
plurality of c¢ylindrical bases such that each of the
plurality of cylindrical bases is capable of rotating around
its own cylindrical axis and the axes of the plurality of
bases orbit along an identical circumference, and in step
(b), each of the plurality of bases orbits along the
circumference while rotating around its own cylindrical axis.
[0038] In one embodiment, step (a) includes arranging a
shield member between the plurality of bases.

[0039] A mold manufacturing method of an embodiment of the
present invention is a method for manufacturing a mold which
has an inverted moth-eye structure over 1its surface, the

inverted moth-eye structure having a plurality of recessed
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portions whose two-dimensional size viewed in a direction
normal to its surface 1s not less than 10 nm and less than
500 nm, the method including the steps of: (a) providing the
mold base as set forth in any of the above paragraphs; (b)
partially anodizing the aluminum alloy layer to form a porous
alumina layer which has a plurality of minute recessed
portions; (c¢) after step (b), bringing the porous alumina
layer 1into contact with an etching solution, thereby
enlarging the plurality of minute recessed portions of the
porous alumina layer; and (d) after step (c¢), further
performing anodization to grow the plurality of minute
recessed portions.

[0040] In one embodiment, step (b) and step (c) are
further performed after step (d).

[0041] A mold of an embodiment of the present invention
includes: a base; and a porous alumina layer provided on the
base, wherein the porous alumina layer has a plurality of
recessed portions whose two-dimensional size viewed in a
direction normal to its surface is not less than 10 nm and
less than 500 nm and contains nitrogen, the porous alumina
layer having an inverted moth-eye structure over its surface.
[0042] In one embodiment, the mold further includes an
aluminum alloy layer provided between the base and the porous
alumina 1layer, wherein the aluminum alloy 1layer contains

aluminum, a non-aluminum metal element, and nitrogen.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0043] According to embodiments of the present invention,
a mold base which includes an aluminum alloy layer of high
specularity and a manufacturing method of the mold base are
provided, and furthermore, a manufacturing method of a mold
which includes the mold base and a mold which includes the
mold base are provided. Using the mold according to an
embodiment of the present invention enables production of an

antireflection film which does not have an undesgsirable haze.

BRIEF DESCRIPTION OF DRAWINGS

[0044]

[FIG. 1] (a) and (b) are a schematic view of a
sputtering apparatus for formation of an aluminum alloy laver
included in a mold base of an embodiment of the present
invention and a c¢ross-sectional view of an aluminum alloy
layer formed on a substrate.

[FIG. 2] The results of observation by SEM and AFM of a
surface of an aluminum alloy layer (nitrogen gas flow rate
during film formation: 0 sccm).

[FIG. 3] The results of observation by SEM and AFM of a
gurface of an aluminum alloy layer (nitrogen gas flow rate
during film formation: 5 sccm).

[FIG. 4] The results of observation by SEM and AFM of a

16
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gurface of an aluminum alloy layer (nitrogen gas flow rate
during film formation: 10 sccm).

[FIG. 5] The results of observation by SEM and AFM of a
surface of an aluminum alloy layer (nitrogen gas flow rate
during film formation: 15 sccm).

[FIG. 6] The results of observation by SEM and AFM of a
surface of an aluminum alloy layer (nitrogen gas flow rate
during film formation: 20 sccm).

[FIG. 7] (a) and (b) are the results of observation by
SEM and AFM of a surface of a pure aluminum layer (nitrogen
gas flow rate during film formation: 0 sccm).

[FIG. 8] (a) and (b) are the results of observation by
SEM and AFM of a surface of a pure aluminum layer (nitrogen
gas flow rate during film formation: 10 sccm).

[FIG. 9] A graph that shows the reflectance (%) of a
nitrogen-containing aluminum alloy layer 8, together with the
reflectances of a nitrogen-free aluminum alloy layer, a
nitrogen-free pure aluminum layer, and a nitrogen-containing
pure aluminum layer, with respect to the wavelength (nm) of
light.

[FIG. 10A] A table that shows data (400 nm to 526 nm)
used for making the graph of FIG. 9.

[FIG. 10B] A table that shows data (528 nm to 654 nm)
used for making the graph of FIG. 9.

[FIG. 10C] A table that shows data (656 nm to 700 nm)

17
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used for making the graph of FIG. 9 and averages.

[FIG. 11] A table that shows the NHT hardness, Hv
hardness, Young’s modulus, and maximum indenter depth of an
aluminum alloy layer for the cases where the nitrogen gas
flow rates during film formation are 0 sccm, 5 sccm, 10 sccm,
15 sccm, and 20 sccem.,

[FIG. 12] A table that shows the film thickness and
resistance value of an aluminum alloy layer for the cases
where the nitrogen gas flow rates during film formation are 5
sccm, 10 sccem, 15 scem, and 20 sccm.

[FIG. 13] A table that shows the results of composition
analysis by ESCA for the case where no nitrogen gas was mixed
during film formation and the cases where the nitrogen gas
was mixed during film formation.

[FIG. 14] (a) is a schematic diagram showing a mold base
10 for use in manufacture of a mold of an embodiment of the
present invention. (b) is a schematic diagram showing a
moth-eye mold 100 manufactured using the mold base 10.

[FIG. 15] (a) to (e) are diagrams showing the steps of a
method for manufacturing a roll mold with the use of a metal
sleeve.

[FIG. 16] (a) to (e) are diagramg showing the steps of a
method for manufacturing a mold which hasg a porous alumina
layer.

[FIG. 17] A cross-sectional view schematically showing

18
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the configuration of a mold 100A which has a metal sleeve.

[FIG. 18] A schematic diagram for illustrating a method
for producing an antireflection film with the use of a mold
of an embodiment of the present invention.

[FIG. 19] (a) and (b) are schematic diagrams for
illustrating a method of manufacturing a plurality of
cylindrical mold bases.

[FIG. 20] (a) to (d) are diagrams schematically showing
arrangements of the cylindrical bases used in experiments.

[FIG. 21] A table that shows the results of examinations
as to the effects of the arrangements of cylindrical bases on
the film quality of the aluminum alloy layer.

[FIG. 22] A graph that shows the results of measurement
of the spectral reflectance of a surface of aluminum alloy
layers (initial wvalues) and the spectral reflectance of
aluminum alloy layers after immersion of the aluminum alloy
layers in a 1 mol/L phosphoric acid aqueous solution for 100
minutes.

[FIG. 23] (a) to (c) are SEM images of a pure aluminum
layer and an aluminum alloy layer formed with a nitrogen gas
being mixed at a flow rate of 10 sccm, which underwent one
cycle of the anodization step and immersion in a phosphoric
acid aqueous solution, showing that the phosphoric acid
agueous solution gradually enlarges the minute recessed

portions formed by anodization.
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[FIG. 24] A graph that shows the relationship for the
samples of FIG. 23 between the duration of immersion in the
phosphoric acid aqueous sclution (Et time) and the diameter
of recessed portions determined based on the SEM image (pore
diameter; corresponding to D, which will be described later).

[FIG. 25] (a) 1is a surface SEM image of an aluminum
alloy layer of a comparative example formed without supply of
nitrogen. (b) is a surface SEM image of the aluminum alloy
layer after immersion in a phosphoric acid agqueous solution
(1 mol/L) for 100 minutes. (e¢) and (d) are x10000 and x50000
surface SEM images after formation of a moth-eye mold.

[FIG. 26] (a) 1is a surface SEM image of an aluminum
alloy layer formed with a nitrogen gas supplied at 5 sccm
during film formation. (b) is a surface SEM image of the
aluminum alloy layer after immersion in a phosphoric acid
aqueous solution (1 mel/L) for 100 minutes. (¢} and (d) are
x10000 and x50000 surface SEM images after formation of a
moth-eye mold. (e) is a cross-sectional SEM image viewed in
45° direction.

[FIG. 27] (a) is a surface SEM image of an aluminum
alloy layer formed with a nitrogen gas supplied at 10 sccm
during film formation. (b) is a surface SEM image of the
aluminum alloy layer after immersion in a phosphoric acid
aqueous solution (1 mol/L) for 100 minutes. (c) and (d) are

x10000 and x50000 surface SEM images after formation of a

20



B3044SH
PCT/IP2013/065323

moth-eye mold. (e) is a cross-sectional SEM image viewed in
45° direction.

[FIG. 28] (a) 1is a surface SEM image of an aluminum
alloy layer formed with a nitrogen gas supplied at 15 sccm
during film formation. (b) is a surface SEM image of the
aluminum alloy layer after immersion in a phosphoric acid
agqueocus solution (1 mol/L) for 100 minutes. (c) and (d) are
x10000 and x50000 surface SEM images after formation of a
moth-eye mold. (e) is a cross-sectional SEM image viewed in
45° direction.

[FIG. 29] (a) 1is a surface SEM image of an aluminum
alloy layer formed with a nitrogen gas supplied at 20 sccm
during film formation. (b) is a surface SEM image of the
aluminum alloy layer after immersion in a phosphoric acid
aqueous solution (1 mol/L) for 100 minutes. (c) and (d) are
x10000 and x50000 surface SEM images after formation of a
moth-eye mold. (e) is a cross-sectional SEM image viewed in
45° direction.

[FIG. 30] A table that shows the results of composition
analysis on porous alumina layers (without nitrogen, nitrogen
flow rate: 10 sccm, 15 sccm, 20 sccm) .

[FIG. 31] SEM images of an aluminum alloy layer of a
comparative example. (a) is a surface SEM image (x50000; the
overall length of the bar shown in the image is 100 um). (b)

is a cross-sectional SEM image.
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[FIG. 32] (a) to (d) are gchematic diagrams for
illustrating the reason why presence of voids in an aluminum
alloy layer leads to production of an antireflection film
which has an undesirable haze.

[FIG. 33] (a) 1is an example of a SEM image of an
antireflection film which was produced using a moth-eye mold
of an embodiment of the present invention. (b) is an example
of a SEM image of an antireflection film of a comparative

example.

DESCRIPTION OF EMBODIMENTS

[0045] Hereinafter, a mold base, a mold base manufacturing
method, a mold manufacturing method, and a mold according to
embodiments of the present invention will be described with
reference to the drawings. A mold of an embodiment, which
will be described below as an example, 1is a moth-eye mold
which has an inverted moth-eye structure over its surface.
The mold includes a porous alumina layer which has a
plurality of recessed portions whose two-dimensional size
viewed in the normal direction of the surface is not less
than 10 nm and less than 500 nm. An antireflection £film
producing method with the use of a mold of an embodiment of
the present invention will also be described.

[00456] < Aluminum Alloy Layer >

First, an aluminum alloy layer included in a mold base
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of an embodiment of the present invention and a formation
method thereof are described.

[0047] FIG. 1(a) is a schematic view of a DC magnetron
sputtering apparatus for formation of an aluminum alloy lavyer
(hereinafter, simply referred to as ‘“sputtering apparatus
17). The sputtering apparatus 1 includes an evacuatable
chamber 2. There is a stage 4 at the bottom of the chamber
2. On the ceiling, there is an aluminum alloy target which
is made of, for example, Al-Ti, Al-Nd, or the 1like
(hereinafter, simply referred to as “target 3”).

[0048] The chamkber 2 has a gasg inlet 6 connected to an
unshown gas supply system and a gas outlet 7 connected to an
unshown vacuum pump.

[0049] When forming a film of an aluminum alloy layer on
the upper surface of a substrate 5 which is made of glass,
for example, using the sputtering apparatus 1 that has the
above-described configuration, a wvacuum 1is created in the
chamber 2 (or the chamber 2 is decompressed) by a vacuum pump
(not shown), and thereafter, while the wvacuum state 1is
maintained, the substrate 5 which has an exposed surface is
carried into the chamber 2 and placed on the top surface of
the stage 4 such that a surface of the substrate 5 on which
the film is to be formed faces to the target 3.

[0050] A sputtering gas (Ar gas) and a nitrogen gas (N

gas) are supplied into the chamber 2 via the gas inlet 6.
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Specifically, for example, the flow rate of the gputtering
gas (Ar gas) 1is not legs than 400 sccm and not more than 440
sccm, and the flow rate of the nitrogen gas is not less than
5 scem and not more than 20 scem such that the volume

fraction of the nitrogen gas to the total sputtering gas

volume (=(nitrogen gas flow rate/(sputtering gas flow rate +
nitrogen gas flow rate))) is not less than 1% and not more
than 5%.

[0051] At the timing when the pressure inside the chamber

2 is stable in the range of not legs than 0.3 Pa and not more
than 0.4 Pa, for example, a DC voltage is applied to the
target 3 for sputtering. In the sputtering, the temperature
of the substrate 5 is maintained at 100°C, for example, and
an aluminum alloy laver is formed on the surface of the
substrate 5 at that maintained temperature. If the substrate
temperature increases to 150°C or higher, the effects of the
nitrogen gas decrease according to the increase of the
temperature, and crystal grains enlarge undesirably.

[0052] At the timing when the film thickness of the
aluminum alloy layer reaches a predetermined value within the
range of not less than 500 nm and not more than 1000 nm,
application of the DC wvoltage and supply of the sputtering
gas are ended, and the gubstrate 5 is brought out of the
chamber 2.

[0053] FIG. 1l(b) shows a cross-sectional view of the
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substrate 5 brought out of the chamber 2. Cn the upper
surface of the substrate 5, there is an aluminum alloy layer
8 whose film thickness is in the range of not less than 500
nm and not more than 1000 nm. The aluminum alloy layer 8 1is
made of Al-Ti, Al-Nd, or the like. The aluminum alloy layer
8 that contains Ti or Nd scarcely contains abnormal grains.
[0054] In experimental examples which will be described
later, the film formation conditions for the aluminum alloy
layer or pure aluminum layer are, unless otherwise specified,
such that the flow rate of the sputtering gas (Ar gas) is 440
sccm, and the vacuum degree during sputtering is 0.4 Pa. The
effects of the rate of content of nitrogen in the aluminum
alloy layer or pure aluminum layer were examined where the
flow rate of the nitrogen gas was varied between 0 sccm and
20 scem (i.e., the volume fraction of the nitrogen gas to the
total sputtering gas volume was varied between 0% and 4.3%).
[0055] Examples of the above-described aluminum alloy
layer 8 were formed at five nitrogen gas levels in total: the
amount of the mixed nitrogen gas was increased stepwise from
the first level where no nitrogen gas was mixed. The state
of the surface of the resultant aluminum alloy layers 8 is
shown in FIG. 2 to FIG. 6.

[0056] FIG. 2 to FIG. 6 show the result of AFM (Atomic
Force Microscope) observation (left) and the result of SEM

(Scanning Electron Microscope) observation (right) of the
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surface of the aluminum alloy layer 8. The scanning region
of AFM was a square region of 5000 nm on each side. The
magnification of SEM was x50000. Note that the film

thickness of the aluminum alloy layer 8 was about 1000 nm.
[0057] As for FIG. 2, the aluminum alloy layer 8 was
formed with no nitrogen gas mixed. It is seen from the left
part of FIG. 2 that relatively large raised portions are
sparsely present. It is seen from the right part of FIG. 2
that aluminum grains formed are relatively large. The
average surface roughness Ra of this aluminum alloy layer is
5.527 nm. The maximum surface roughness Rmax of this
aluminum alloy layer is 9.548x10 nm. Here, the aluminum
grains shown in FIG. 2 have an average grain diameter of
greater than 100 nm (see the scale of 100 nm at the right
lower portion of the right part of FIG. 2).

[(0058] As for FIG. 3, the aluminum alloy layer 8 was
formed with the nitrogen gas mixed (flow rate: 5 sccm). It
is seen from the left part of FIG. 3 that the number of
relatively large raised portions is smaller than in the case
of FIG. 2. It is seen from the right part of FIG. 3 that
aluminum grains formed are somewhat smaller than in the case
of FIG. 2. The average surface roughnegss Ra is 5.102 nm.
The maximum surface roughness Rmax is 5.713x10 nm. Here, the
aluminum grains shown in FIG. 3 have a smaller average grain

diameter than in the case of FIG. 2, and specifically have an
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average grain diameter of not more than 100 nm.

[0059] Ag for FIG. 4, the aluminum alloy layer 8 was
formed with the nitrogen gas mixed (flow rate: 10 sccm). It
is seen from the left part of FIG. 4 that the number of
relatively large raised portions is smaller than in the case
of FIG. 3. It ig seen from the right part of FIG. 4 that
aluminum grains formed are somewhat smaller than in the case
of FIG. 3. The average surface roughness Ra is 3.145 nm.
The maximum surface roughness Rmax is 4.359x10 nm. Here, the
aluminum grains shown in FIG. 4 have a smaller average grain
diameter than in the case of FIG. 3, and specifically have an
average grain diameter of not more than 100 nm.

[0060] As for FIG. 5, the aluminum alloy layer 8 was
formed with the nitrogen gas mixed (flow rate: 15 sccm). It
is seen from the left part of FIG. 5 that the number of
relatively large raised portions 1is smaller than in the case
of FIG. 4. It ig seen from the right part of FIG. 5 that
aluminum grains formed are somewhat smaller than in the case
of FIG. 4. The average surface roughness Ra is 2.582 nm.
The maximum surface roughness Rmax is 3.252x10 nm. Here, the
aluminum grains shown in FIG. 5 have a smaller average grain
diameter than in the case of FIG. 4, and specifically have an
average grain diameter of not more than 100 nm.

[0061] As for FIG. 6, the aluminum alloy layer 8 was

formed with the nitrogen gas mixed (flow rate: 20 sccm). In
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this case, it is seen from the left part of FIG. 6 that the
number of relatively large raised portions is greater than in
the case of FIG. 5. The average surface roughness Ra is
3.012 nm. The maximum surface roughness Rmax is 4.016x10 nm.
As seen from the comparison with FIG. 5, the wvariation in
size of the grains increases and the uniformity deteriorates,
although the effect of decreasing the grain size is
maintained. Therefore, it is concluded that the nitrogen gas
flow rate of 20 sccm is somewhat greater than the optimum
value.

[0062] As described above, it is seen from FIG. 2 through
FIG. 6 that when the aluminum alloy layer 8 is formed with
the nitrogen gas mixed at a flow rate of not less than 5 sccm
and not more than 20 sccm, the diameter of aluminum grains
decreases. In this case, the average grain diameter of
crystal grains viewed in the normal direction of the aluminum
alloy layer 8 is not more than 100 nm, and the maximum
surface roughness Rmax 1is not more than 60 nm. This
configuration improves the optical reflectance of the surface
of the aluminum alloy layer 8.

[0063] Here, in FIG. 1, the aluminum alloy layer 8 that is
made of, for example, Al-Ti, Al-Nd, or the like, 1is to be
formed on the upper surface of the substrate 5, and the
present invention excludes formation of a pure aluminum

layer. This is because it 1is already known that, although
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decrease of the diameter of aluminum graing is achieved by
addition of nitrogen even in the case of a pure aluminum
layer, occurrence of abnormally large grains cannot be
avoided in that case.

[0064] FIG. 7 and FIG. 8 show the results of observation
by AFM and SEM of a surface of a so-called pure aluminum
layer formed on the upper surface of the substrate 5, as
shown in FIG. 2 through FIG. 6. In FIG. 7 and FIG. 8, (a) is
the result of AFM where the scanning region 1s a square
region of 5000 nm on each side, and (b) is the result of SEM
observation of the pure aluminum layer surface shown in (a).
FIG. 7 shows the results of the case where the pure aluminum
layer was formed with no nitrogen gas mixed. FIG. 8 shows
the results of the case where the pure aluminum layer was
formed with the nitrogen gas mixed (flow rate: 10 sccm).
[0065] As seen from FIG. 7, in the case of the nitrogen-
free pure aluminum layer, the average surface roughness Ra is
8.985 nm, and the maximum surface roughness Rmax is 2.001x10°
nm. It can be seen that these surface roughness wvalues
(particularly, the maximum surface roughness) are large (see
FIG. 7(b)). As seen from FIG. 8, even 1n the case of the
nitrogen-containing pure aluminum layer, the average surface
roughness Ra 1s 6.501 nm, and the maximum surface roughness
is 1.958x10% nm. It can be seen that these surface roughness

values (particularly, the maximum surface roughness) are
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large (see FIG. 8(b)). As seen from these results, from the
viewpoint of globally decreasing the size of aluminum grains
and thereby achieving high reflectance, the aluminum alloy
layer is preferable to the pure aluminum layer.

[0066] FIG. 9 is a graph that shows the reflectance (%) of
the above-described nitrogen-containing aluminum alloy layer
8, together with the reflectances of a nitrogen-free aluminum
alloy layer, a nitrogen-free pure aluminum layer, and a
nitrogen-containing pure aluminum layer, with respect to the
wavelength (nm) of light. In this graph, the horizontal axis
represents the wavelength (nm) of light, and the vertical
axlis represents the reflectance (%).

[0067] In FIG. 8, graph A represents the reflection
characteristic of the nitrogen-free aluminum alloy layer;
graph B represents the reflection characteristic of the
nitrogen-containing aluminum alloy layer (nitrogen gas flow
rate during film formation: 5 sccm); graph C represents the
reflection characteristic of the nitrogen-containing aluminum
alloy layer (nitrogen gas flow rate during film formation: 10
sccm) ; graph D represents the reflection characteristic of
the nitrogen-containing aluminum alloy layer (nitrogen gas
flow rate during film formation: 15 sccm); graph E represents
the reflection characteristic of the nitrogen-containing
aluminum alloy layer (nitrogen gas flow rate during film

formation: 20 sccm); graph F represents the reflection
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characteristic of the nitrogen-free pure aluminum layer; and
graph G represents the reflection characteristic of the
nitrogen-containing pure aluminum layer (nitrogen gas flow
rate during film formation: 10 sccm). FIGS. 10A to 10C are
tables that show data used for making the graph of FIG. 9.
FIG. 10A, FIG. 10B, and FIG. 10C show the reflectances of the
above-described layers of graphs A, B, C, D, E, F, and G for
wavelength ranges of 400 to 526 nm, 528 to 668 nm, and 670 to
700 nm, respectively.

[0068] As seen from FIG. 9 and FIGS. 10A to 10C, at least
in the case of the nitrogen-containing aluminum alloy layer,
as for the optical reflectances for the visible range
wavelengths, 400 to 700 nm, even the lowest reflection
characteristic (graph E) 1s not less than 86% on average.
That is, achieved reflectances are higher than those of the
nitrogen-free aluminum layer (graph F), particularly in a
region near 400 nm. Note that, however, the reason that the
nitrogen-containing aluminum alloy layer E (nitrogen gas flow
rate during film formation: 20 sccm) exhibits lower
reflectances than the nitrogen-free aluminum alloy layer A is
not clear, although as previously described with reference to
FIG. 2 through FIG. 6, the nitrogen-containing aluminum alloy
layer (nitrogen gas flow rate during film formation: 20 sccm)
has better surface flatness and surface structure uniformity

than the nitrogen-free aluminum alloy layer. Note that, even
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in the case of the pure aluminum layer, addition of nitrogen
improvegs the reflectance (gee graph G), but the previously-
described abnormal grains are more likely to occur than in
the aluminum alloy lavers.

[0069] FIG. 11 is a table that shows the NHT hardness, the
Vickers hardnesg Hv converted from the NHT hardness, the
Young’s modulus, and the maximum indenter depth of the above-
described aluminum alloy layer 8 for the cases where no
nitrogen gas was mixed or the nitrogen gas was mixed at 5
sccm, 10 sccem, 15 scem, or 20 scem in the sputtering gas (Ar
gas, flow rate: 440 sccm) in formation of the aluminum alloy
layer 8. Note that the NHT hardness refers to a hardness
which is measured using a Nano Hardness Tester according to a
method compliant with ISO 14577.

[0070] The Vickers hardness number 1is 96.6 when no
nitrogen gas is mixed, while when the nitrogen gas is mixed
at 5 scem, 10 sccm, 15 scem, and 20 sccm, the Vickers
hardness numbers are 155.8, 194.7, 225.7, and 229.2,
respectively. That is, the Vickers hardness number increases
according to the amount of the mixed nitrogen gas. It can be
seen from this that the aluminum alloy layer 8 has high
hardness when nitrogen is contained.

[0071] The Young’s modulus 1s 73.9 GPa when no nitrogen
gas 1s mixed, while when the nitrogen gas is mixed at 5 sccm,

10 sccm, 15 sccem, and 20 sccem, the Young’s moduli are 78.0
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GPa, 77.7 GPa, 95.3 GPa, and 82.5 GPa, respectively. It can
be seen that the Young’s modulus generally increases
according to the amount of the mixed nitrogen gas.

[0072] The maximum indenter depth is 193.7 nm when no
nitrogen gas is mixed, while when the nitrogen gas is mixed
at 5 sccm, 10 scem, 15 scem, and 20 sccm, the maximum
indenter depth decreases to 154.1 nm, 140.7 nm, 130.4 nm, and
131.2 nm, respectively. It can be seen that the hardness of
the aluminum alloy layer 8 increases according to the amount
of the mixed nitrogen gas.

[0073] Thus, it can be seen that the aluminum alloy layer
8 has extremely high hardness and durability when nitrogen is
contained.

[0074] The table of FIG. 11 shows that the adherence test
of the aluminum alloy layver 8 to the substrate 5 was carried
out based on Vickers indentations and scratches. In every
case, no separation was found.

[0075] FIG. 12 1s a table that shows the relationship
between the film thickness and the resistance value of the
aluminum alloy layer 8 which was formed with the nitrogen gas
mixed at flow rates of 5 sccm, 10 sccm, 15 scem, and 20 sccem
in the sputtering gas during formation of the film.

[0076] When the film thickness of the aluminum alloy layer
8 formed with the nitrogen gas mixed at 5 sccm is 783 nm, 791

nm, and 808 nm, the resistance values are 0.1005 @, 0.0970 Q,
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and 0.0944 Q, respectively. Accordingly, the average film
thickness of the aluminum alloy layer 8 1is 796.05 nm, the
average resistance value 1is 0.0975 Q, and the specific
resistance is 7.758 uQcm.

[0077] When the film thickness of the aluminum alloy layer
8 formed with the nitrogen gas mixed at 10 sccm is 742 nm,
741 nm, and 766 nm, the resistance values are 0.1366 Q,
0.1314 @, and 0.1275 Q, respectively. Accordingly, the
average film thickness of the aluminum alloy layer 8 is
754.70 nm, the average resistance value is 0.1321 , and the
specific resistance is 9.966 pQcm.

[0078] When the film thickness of the aluminum alloy layer
8 formed with the nitrogen gas mixed at 15 sccm is 766 nm,
788 nm, and 790 nm, the resistance values are 0.1775 Q,
0.1675 Q, and 0.1645 &, vrespectively. Accordingly, the
average film thickness of the aluminum alloy layer 8 is
778.75 nm, the average resistance value is 0.1710 Q, and the
specific resistance is 13.317 uQcm.

[0079] When the film thickness of the aluminum alloy layer
8 formed with the nitrogen gas mixed at 20 sccm is 736 nm,
748 nm, and 763 nm, the resistance values are 0.2392 Q,
0.2152 Q, and 0.2225 @, respectively. Accordingly, the
average film thickness of the aluminum alloy layer 8 is
749.90 nm, the average resistance value is 0.2309 Q, and the

specific resistance is 17.311 pQcm.
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[0080] When the film thickness of the aluminum alloy layer
8 formed with no nitrogen gas mixed is 659 nm, 665 nm, and
674 nm, the resistance values are 0.0839 Q, 0.0839 Q, and
0.0826 ¢, respectively. Accordingly, the average film
thickness of the aluminum alloy layer 8 1s 6669.00, the
average resistance value 1is 0.0833, and the specific
resistance is 5.552 uQcm.

[0081] As clearly seen from this table, the specific
resistance of the aluminum alloy layer 8 is, at least, not
more than 20 uQ even when nitrogen is contained in the
aluminum alloy layer 8. Therefore, the aluminum alloy layer
8 is sufficiently applicable to wiring layers or the like of
electronic components and, for example, can be used as an
electrode of an organic EL (Electro Luminescence) device.
[0082] FIG. 13 1is a table that shows the results of
composition analysis by ESCA (Electron Spectroscopy for
Chemical Analysis) for the case where no nitrogen gas was
mixed in formation of the aluminum alloy layer 8, the case
where the nitrogen gas was mixed at 5 sccm, the case where
the nitrogen gas was mixed at 10 sccm, the case where the
nitrogen gas was mixed at 15 sccm, and the case where the
nitrogen gas was mixed at 20 sccm. In FIG. 13, the subjects
of the composition analysis are O, Ti, N, Al, and C. In the
measurement, a photoelectron spectrometer JPS-9000MC

manufactured by JEOL Ltd. was used.
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[0083] As seen from this table, when the nitrogen gas is
mixed at 5 sccm, the nitrogen content of the aluminum alloy
layer is not less than 0.5 mass$% and not more than 0.9 mass%.
When the nitrogen gas 1is mixed at 20 sccm, the nitrogen
content of the aluminum alloy layer is not 1less than 2.2
mass% and not more than 5.7 mass%.

[0084] Thus, a nitrogen-containing aluminum alloy layer
whose nitrogen content is not less than 0.5 mass% and not
more than 5.7 mass% has better flatness (the maximum surface
roughness Rmax is not more than 60 nm) and better surface
structure uniformity (the average grain diameter of crystal
grains is not more than 100 nm) than a nitrogen-free aluminum
alloy layer (see FIG. 2 through FIG. 6).

[0085] When the nitrogen gas is mixed at 20 sccm, the
reflectance of the resultant aluminum alloy layer is smaller
than the others. Therefore, when the film thickness of the
aluminum alloy layer 8 is in the range of not less than 500
nm and not more than 1000 nm, it is preferred from the
viewpoint of achieving higher reflectance that the nitrogen
content of the aluminum alloy layer 8 is in the range of not
less than 0.5 mass% and not more than 4.1 mass% (see FIG. 9
and FIGS. 10A to 10C).

[(0086] As seen from the above table, when Ti is contained
in the aluminum alloy layer as the non-aluminum metal

element, the content of Ti is not less than 1.0 mass% and not
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more than 1.9 mass%, and this value is suitable.
[0087] In the above description, the non-aluminum metal
element added to the aluminum alloy 1layer 1is Ti or Nd,
although it is not limited to these examples. It may be such
a different metal element that the absolute value of the
difference between the standard electrode potential of the
metal element and the standard electrode potential of
aluminum is not more than 0.64 V (for example, Mn, Mg, Z2r, V,
and Pb). As disclosed in the above-identified international
patent application (PCT/JP2012/058394), containment of the
metal element M prevents abnormal growth of crystal grains of
aluminum, and as a result, the aluminum alloy layer 8
scarcely contains abnormal grains. The metal element may be
Mo, Nb, or Hf. The aluminum alloy layer may contain two or
more of these metal elements.
[0088] < Mold Base, Mold Base Manufacturing Method, Moth-
Eye Mold Manufacturing Method, and Moth-Eye Mold >

Next, a mold base, a mold base manufacturing method, a
moth-eye mold manufacturing method, and a moth-eye mold
according to embodiments of the present invention are
described. The mold base of the embodiment which will be
described as an example is to be used for manufacture of a
moth-eye mold configured for production of an antireflection
film. As described above, a moth-eye mold in the form of a

cylinder (roll) 1s capable of efficiently producing an
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antireflection film according to a roll-to-roll method. An
example of the mold base in the form of a cylinder will be
described later.

[0089] First, a mold manufacturing method according to an
embodiment of the present invention is described.

(0090] The mold manufacturing method of the embodiment of
the present invention includes the step of preparing a mold
base 10 which includes a metal base 72m, an organic
insulating layer 13 formed on the metal base 72m, and an
aluminum alloy layer 18 formed on the organic insulating
layer 13 as shown in FIG. 1l4(a). The metal base 72m and the

organic insulating layer 13 are sometimes integrally referred

to as “support 12”7. Note that the metal base 72m may be
replaced by a different base (e.g., an insulative base such
as a glass base). The organic insulating layer 13 may be
omitted. However, when using a base of a metal which 1is

different from the aluminum alloy layer 18, the aluminum
alloy layer 18 and the metal base 72m are preferably
electrically insulated from each other in order to prevent
occurrence of electrochemical corrosion between these
elements. Therefore, it is preferred to provide an organic
ingulating layer and/or inorganic underlayer between the
metal base 72m and the aluminum alloy layer 18. Note that,
when an insulative base is used, an organic insulating layer

and/or inorganic underlayer may also be provided. The
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organic insgulating layer and/or inorganic underlayer provide
the effect of improving the adhesive property between the
aluminum alloy layer and the base. Providing a buffer layer
between the inorganic underlayer and the aluminum alloy layer
further improves the adhesive property.

[0091] The aluminum alloy layer 18 used herein is the same
as the above-described aluminum alloy layer 8. That is, the
aluminum alloy layer 18 contains aluminum, a non-aluminum
metal element M, and nitrogen.

[0092] It is preferred that the average grain diameter of
crystal grains that form the aluminum alloy layer 18 when
viewed in the normal direction of the aluminum alloy layer 18
is not more than 100 nm, and that the maximum surface
roughness Rmax of the aluminum alloy layver 18 is not more
than 60 nm. The content of nitrogen in the aluminum alloy
layer 18 is preferably not less than 0.5 mass$% and not more
than 5.7 mass%.

[0093] It is preferred that the absolute wvalue of the
difference between the standard electrode potential of the
metal element M and the standard electrode potential of
aluminum is not more than 0.64 V, and that the content of the
metal element M in the aluminum alloy layer 18 igs not less
than 1.0 mass% and not more than 1.9 mass%. The metal
element M is Ti or Nd. The metal element M is not limited to

these examples but may be such a different metal element that
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the absolute value of the difference between the standard
electrode potential of the metal element M and the standard
electrode potential of aluminum is not more than 0.64 V (for
example, Mn, Mg, Zr, V, and Pb). The aluminum alloy layer
may contain two or more of these metal elements.

[0094] Ag will be described later with the illustration of
an experimental example, the aluminum alloy layer 18 which
contains the above-described metal element M and nitrogen has
a reflectance of not less than 86% 1in the wvisible 1light
range, for example, the wavelength range of 400 nm to 700 nm.
That is, containment of the metal element M prevents abnormal
growth of c¢rystal grains of aluminum, and containment of
nitrogen leads to reduction in size of the crystal grains.
As a result, the aluminum alloy layer 18 has small surface
roughness, and formation of voids between the crystal grains
is prevented.

[0095] Therefore, by forming the moth-eye mold 100 which
has a porous alumina layer 20 such as shown in FIG. 14(b)
with the use of the aluminum alloy layer 18, a mold 100 can
be obtained which is capable of forming an antireflection
film that does not have an undesirable haze (a haze-free
antireflection film or a haze-controlled antireflection
film) .

[0096] Now, the reason of production of an antireflection

film which has an undesirable haze is briefly described with
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reference to FIG. 31 and FIG. 32. FIG. 31 shows SEM images
of an aluminum alloy layer of a comparative example. FIG.

31(a) is a surface SEM image (x50000; the overall length of

the bar shown in the image is 100 yum). FIG. 31(b) is a
cross-sectional SEM image. This aluminum alloy layer is an
Al-Ti layer and has a thickness of about 1000 nm. The

composition of the target is Al: 99.5 mass% and Ti: 0.5
mass%¥. This aluminum alloy layer was formed according to a
method (comparative example) disclosed in PCT/JP2012/058394.
Ags seen from these SEM images, voids are sparsely present.
[0097] FIGS. 32(a) to 32(d) are schematic diagrams for
illustrating the reason why presence of voids in the aluminum
alloy layer leads to production of an antireflection £film
which has an undesirable haze.

[0098] When an aluminum alloy layer 78 which has a void
78b as shown in FIG. 32(a) is anodized, a plurality of minute
recegsed portions are formed inside the void 78b as shown in
FIG. 32(b) during formation of a porous alumina layer 80
which has minute recessed portions 82a. The void 78b and the
plurality of minute recessed portions formed inside the wvoid
78b are herein generically referred to as “abnormal recessed
portions 82b”.

[0099] Thereafter, the step of enlarging the minute
recessed portions 82 by etching and the step of growing the

minute recessed portions 82a by another anodization process
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are carried out. As a result, the abnormal recegssed portions
82b enlarge as shown in FIG. 32(c).

[0100] When an antireflection film is produced using a
mold which has the porous alumina layer 80 such as shown in
FIG. 32(c), coarse raised portions 92b which correspond to
the abnormal recessed portions 82b are formed as shown in
FIG. 32(d). Minute raised portions 92a which correspond to
the normal minute recessed portions 82a of the porous alumina
layer 80 have, for example, a conical shape and perform an
antireflection function.

[0101] FIG. 33 shows examples of SEM images of prototypal
antireflection films (x50000; the overall length of the scale
shown in the image is 500 nm). FIG. 33(a) is an example of a
SEM image of an antireflection film which was produced using
a moth-eye mold of an embodiment of the present invention.
FIG. 33(b) is an example (comparative example) of a SEM image
of an antireflection film produced according to a method
disclosed in PCT/JP2012/058394.

[0102] In FIG. 33(b), there are large raised portions
which are considered to correspond to the coarse raised
portions 92b shown in FIG. 32(d4d). The two-dimensional size
of the large raised portions when viewed in a direction
normal to the film 1is approximately 300 nm. The size of
these large raised portions can be generally explained based

on the model that has been described with reference to FIG.
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32.

[0103] The thickness of the aluminum alloy layer is
preferably not less than 500 nm and not more than 1000 nm.
This is because the depth of recessed portions of a moth-eye
mold configured for production of an antireflection film is
not less than about 10 nm, typically not less than 100 nm and
less than about 1000 nm (about 1 um).

[0104] Here, the aluminum alloy layer 18 having a
thickness of about 1 uym 1is preferably formed through a
plurality of separate cycles rather than formed at once in
one cycle. Specifically, it is preferred to repeat the cycle
of depositing aluminum to a certain thickness Dbefore an
intermission of a certain time period and resuming the
deposition after the intermission till the aluminum alloy
layer 18 having a predetermined thickness (e.g., 1 um) is
obtained, rather than to continuously deposit aluminum to the
predetermined thickness. For example, it is preferred that
the aluminum alloy layer 18 having a thickness of about 1 um
is obtained by forming 20 aluminum alloy layers each of which
has a thickness of 50 nm in such a manner that every
formation of the 50 nm thick aluminum alloy layer is followed
by an intermission. In this way, the deposition of the
aluminum alloy 1s carried out in a plurality of separate
cycles, whereby the quality of the finally-obtained aluminum

alloy layer 18 (e.g., the chemical resistance or adhesion)
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can be improved. This 1g probably because continuous
deposition of the aluminum alloy increases the temperature of
a base (a base having a surface on which the aluminum layer
is to be formed), and as a result, the distribution of
thermal stress 1in the aluminum alloy layer 18 becomes
nonuniform so that the film quality deteriorates.

[0105] Here, 1t 1is preferred to provide an inorganic
underlayer 14 between the organic insulating layer 13 and the
aluminum alloy layer 18 as in the mold base 10 shown in FIG.
l1(a). The inorganic underlayer 14 ig directly provided on a
surface of the organic insulating layer 13 and functions to
improve adhesion between the organic insulating layer 13 and
the aluminum alloy layer 18. The inorganic underlayer 14 is
preferably made of an inorganic oxide or an inorganic
nitride. When an inorganic oxide is used, for example, the
inorganic underlayer 14 is preferably a silicon oxide layer,
a tantalum oxide layer, or a titanium oxide layer. When an
inorganic nitride is used, for example, the inorganic
underlayer 14 is ©preferably a silicon nitride layer.
Further, the thermal expansion coefficient of the inorganic
underlayer 14 may be adapted by adding an impurity to the
inorganic oxide layer or inorganic nitride layer. For
example, when a sgilicon oxide layer is used, the thermal
expansion coefficient can be increased by adding germanium

(Ge) .phosphorus (P), or boron (B).
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[0106] The thickness of the inorganic underlayer 14 1is
preferably not less than 40 nm and, more preferably, not less
than 100 nm. When the thickness of the inorganic underlayer
14 is less than 40 nm, the effects of provision of the
inorganic underlayer 14 are not sufficiently produced in some
cases. The thickness of the inorganic underlayer 14 is
preferably not more than 500 nm and, more preferably, not
more than 200 nm. If the thickness of the inorganic
underlayer 14 1is more than 500 nm, the time required for
formation of the inorganic underlayer 14 will be unduly long.
When the inorganic underlayer 14 is formed on a curved
surface or a flexible surface, cracks are more likely to be
caused as the thickness of the inorganic underlayer 14
increases.

[0107] Preferably, the mold base 10 further includes a
buffer layer 16 interposed between the inorganic underlayer
14 and the aluminum alloy layer 18. The buffer layer 16 has
the function of improving the adhesive property between the
inorganic underlayer 14 and the aluminum alloy layer 18. In
the example described herein, the buffer layer 16 is directly
provided on the inorganic underlayer 14, although the present
invention is not limited to this example. For example, when
an electrically-conductive layer (preferably, a valve metal
layer) is provided as a backing in order to uniformly anodize

the aluminum alloy 1layer 18, the -electrically-conductive
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layer may be provided between the inorganic underlayer 14 and
the buffer layer 16 or between the buffer layer 16 and the
aluminum alloy layer 18.

[0108] The buffer layer 16 preferably contains aluminum,
the metal element M, and either of oxygen or nitrogen. The
buffer layer 16 preferably has such a profile that the
contents of aluminum and the metal element M are higher in a
portion which is closer to the aluminum alloy layer 18 than
in another portion which 1is «c¢loser to the 1inorganic
underlayer 14, although the oxygen or nitrogen content may be
uniform. This is because the property wvalues, such as the
thermal expansion coefficient, exhibit excellent conformity.
The thickness of the buffer layer 16 is preferably not less
than 10 nm and, more preferably, not less than 20 nm. The
thickness of the buffer layer 16 is preferably not more than
500 nm and, more preferably, not more than 200 nm. If the
thickness of the buffer Ilayer 16 is 1less than 10 nm,
sufficient adhesion is not achieved between the inorganic
underlayer 14 and the aluminum alloy layer 18 in some cases.
If the thickness of the buffer layer 16 is more than 500 nm,
the time required for formation of the buffer layer 16 will
be unduly long. Thus, this case is not preferred.

[0109] The profile of the aluminum content in the buffer
layer 16 along the thickness direction may vary stepwise or

may continuously vary. For example, when the buffer layer 16
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is formed of aluminum, the metal element M, and oxygen, a
plurality of aluminum oxide alloy layers which have gradually
decreasing oxygen contents are formed, and then, the aluminum
alloy layer 18 1is formed on the uppermost aluminum oxide
alloy layer. The highest oxygen content in the buffer layer
16 is preferably not more than 60 at%. This also applies to
a case where the buffer layer 16 formed contains nitrogen
instead of oxygen.

[0110] The moth-eye mold 100 shown in FIG. 14(b) can be
obtained by performing: the step of partially anodizing the
aluminum alloy layer 18 with the use of the mold base 10
shown in FIG. 1l4(a) in the same way as the conventional
method, thereby forming the porous alumina layer 20 which has
a plurality of minute recessed portions 22; thereafter, the
step of bringing the porous alumina layer 20 into contact
with an etching solution, thereby enlarging the plurality of
minute recessed portions 22 of the porous alumina layer 20,
and thereafter, the step of further performing anodization to

grow the plurality of minute recessed portions 22.

[0111] The moth-eye mold 100 is suitably wused in
production of an antireflection film (antireflection
surface) . The cross-sectional shape of the minute recessed

portions (micropores) 22 of the porous alumina layer 20 that
is to be used in production of an antireflection film is

generally conical. As overdrawn in FIG. 14(b), the minute
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recessed portions 22 may have a stepped lateral surface. It
is preferred that the two-dimensional size of the minute
recessed portions 22 (opening diameter: Dy) 1s not less than
10 nm and 1less than 500 nm, and the depth of the minute
recessed portions 22 (Dgepen) 18 generally not less than 10 nm
and less than 1000 nm (1 um). It is also preferred that the
bottom portion of the minute recessed portions 22 is tapered
(with the deepest part of the bottom portion being pointed).
Further, it is preferred that the minute recessed portions 22
are in a closely packed arrangement. Agsuming that the shape
of the minute zrecessed portions 22 of the porous alumina
layer 20 when viewed in a direction normal to the porous
alumina layer 20 is a circle, it is preferred that adjacent
circles overlap each other, and a saddle portion is formed
between adjacent ones of the minute recessed portions 22.
Note that, when the generally-conical minute recessed
portions 22 adjoin one another so as to form saddle portions,
the two-dimensional size of the minute recessed portions 22,
Dy, 1s equal to the average adjoining distance Djnc. Thus,
the porous alumina layer 20 of the moth-eye mold 100 that is
for production of the antireflection film preferably has a
configuration in which the minute recessed portions 22 are in
an irregular closely-packed arrangement, the minute recessed
portions 22 having such dimensions that Dy=Dinrx 1s not less

than 10 nm and less than 500 nm and Dgepn is generally not
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less than 10 nm and less than 1000 nm (1 um). Note that,
strictly speaking, the shape of the openings of the minute
recessed portions 22 1is not a circle. Dy 1s preferably
determined from the SEM image of the surface. The thickness
of the porous alumina layer 20, t,, is not more than about 1
um.

[0112] Hereinafter, a method for manufacturing a roll-
shaped mold with the use of a mold base in the shape of a
hollow cylinder is described.

[0113] The roll-shaped mold was manufactured by a method
discloged in WO 2011/105206 of the applicant of the present
application. Here, a metal sleeve which was made of
stainless steel or nickel was used. Note that the metal
sleeve refers to a hollow cylinder which is made of a metal
and which has a thickness of not less than 0.02 mm and not
more than 1.0 mm. The entire disclosures of WO 2011/105206
are herein incorporated by reference.

[(0114] A method for manufacturing a roll mold with the use
of a metal sleeve used in an experiment is briefly described

with reference to FIG. 15.

[0115] Firstly, a metal sleeve 72m is provided as shown in
FIG. 15(a).
[0116] Then, as shown in FIG. 15(b), an organic insulating

layer 13 1is formed on the outer perimeter surface of the

metal sleeve 72m by electrodeposition, for example.
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[0117] The electrodeposition may be, for example, a known
electrodeposition painting method. For example, firstly, the
metal sleeve 72m 1is washed. Then, the metal sleeve 72m 1is
immersed in an electrodeposition bath in which an
electrodeposition solution that contains an electrodeposition
resin is stored. In the electrodeposition bath, an electrode
is installed. When the insulative resin layer is formed by
means of cationic electrodeposition, an electric current is
allowed to flow between the metal sleeve 72m and the anode,
where the metal sleeve 72m serves as the cathode and the
electrode installed in the electrodeposition bath serves as
the anode, so that the electrodeposition resin is deposited
on the outer perimeter surface of the metal sleeve 72m,
whereby the insulative resin layer 1is formed. When the
insulative resin layer 1is formed by means of anionic
electrodeposition, an electric current 1is allowed to flow,
where the metal sleeve 72m serves as the anode and the
electrode installed in the electrodeposition bath serves as
the cathode, whereby the insulative resin layer is formed.
Thereafter, the washing step and the baking step are
performed, whereby an organic insulating layer 13 is formed.
The electrodeposition resin used may be, for example, a
polyimide resin, an epoxy resin, an acrylic resin, a melamine
resin, a urethane resin, or a mixture thereof. The organic

insulating layer 13 can be formed by forming an insulative
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resin layer wusing a various coating method other than
electrodeposition and, when necessary, curing the insulative
resin layer. The organic insulating layer 13 has a high
surface flattening effect and can prevent scars or the like
in the surface of the metal sleeve 72m, for example, being
reflected in the surface shape of the aluminum alloy layer
18.

[0118] Then, as shown in FIG. 15(c), an inorganic
underlayer 14 is formed on the organic insulating layer 13.

For example, a Si0O; layer 14 which has a thickness of about

100 nm is formed. The present invention is not limited to
the 8Si0, layer. For example, a Tay0; layer may be formed
instead.

[0119] Then, as shown in FIG. 15(d), the buffer layer 16

and the aluminum alloy layer 18 are continuously formed. The
same target is used for formation of the buffer layer 16 and
the aluminum alloy layer 18. Therefore, the proportion of
aluminum and the metal element M is constant in the buffer
layer 16 and the aluminum alloy layer 18. The thickness of
the buffer layer 16 is, for example, about 100 nm. The
thickness of the aluminum alloy layer 18 is about 1 um. The
process continuing from formation of the inorganic underlayer
14 to formation of the aluminum alloy layer 18 is carried out
by a thin film deposition method (e.g., sputtering). The

entirety of this process is preferably carried out in the
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same chamber.

[0120] Then, anodization and etching are alternately and
repeatedly performed on a surface of the aluminum alloy layer
18 so as to form a porous alumina layer 20 which has a
plurality of minute recessed portions, whereby a mold 100a is
obtained as shown in FIG. 15(e).

[0121] Next, a method for forming the porous alumina layer
20 is described with reference to FIG. 16. In FIG. 16, as
the mold base 10 shown, the aluminum alloy layer 18 is
directly provided on a support 12.

[0122] First, the mold base 10 is provided as shown in
FIG. 16(a). The mold base 10 includes a metal base, an
organic insulating layer 13 provided on the metal base, and
an aluminum alloy 1layer 18 deposited on the organic
insulating layer 13.

[0123] Then, a surface of the mold base 10 (a surface 18s
of the aluminum alloy layer 18) is anodized to form a porous
alumina layer 20 which has a plurality of minute recessed
portions 22 (micropores) as shown in FIG. 16(b). The porous
alumina layer 20 includes a porous layer which has the minute
recessed portions 22 and a barrier layer. The porous alumina
layer 20 may be formed by, for example, anodizing the surface
188 in an acidic electrolytic solution. The electrolytic
solution used in the step of forming the porous alumina layer

20 may be, for example, an aqueous solution which contains an
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acid sgelected from the group congisting of oxalic acid,
tartaric acid, phosphoric acid, chromic acid, citric acid,
and malic acid. By modifying the anodization conditions

(e.g., the type of the electrolytic solution, the applied

voltage), the interpore distance, the depth of the
micropores, the shape of the micropores, etc., can be
adjusted. Note that the thickness of the porous alumina
layer may be changed when necessary. The aluminum alloy

layer 18 may be entirely anodized.

[0124] Then, the porous alumina layer 20 is brought into
contact with an alumina etchant such that a predetermined
amount is etched away, whereby the pore diameter of the
minute recessed portions 22 is increased as shown in FIG.
1l6(c). Here, wet etching may be employed such that the pore
wall and the barrier layer can be generally isotropically
etched. By modifying the type and concentration of the
etching solution and the etching duration, the etching amount
(i.e., the size and depth of the minute recessed portions 22)
can be controlled. The etching solution used may be, for
example, an aqueous solution of 10 mass% phosphoric acid or
organic acid, such as formic acid, acetic acid, citric acid,
or the like, or a chromium-phosphoric acid mixture solution.
[0125] Then, the aluminum alloy layer 18 is again
partially anodized such that the minute recessed portions 22

are grown in the depth direction and the thickness of the
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porous alumina layer 20 is increased as shown in FIG. 1lé6(d).
Here, the growth of the minute recessed portions 22 starts at
the bottoms of the previocusly-formed minute recessed portions
22, and accordingly, the lateral surfaces of the minute
recessed portions 22 have stepped shapes.

[0126] Thereafter, when necessary, the porous alumina
layer 20 may be brought into contact with an alumina etchant
to be etched such that the pore diameter of the minute
recessed portions 22 1is further increased. The etching
solution used in this step may preferably be the above-
described etching solution. Practically, the same etching
bath may be used.

[0127] In this way, by repeating the anodization step and
the etching step as described above, the moth-eye mold 100A
that includes the porous alumina layer 20 which has a desired
uneven shape 1is obtained as shown 1in FIG. 1l6(e). By
modifying the conditions, the duration, and the number of
cycles of the anodization step and the etching step, the
lateral surfaces of the minute recessed portions 22 can have
a stepped surface or can have a smooth curved surface or
slope surface.

[0128] Next, a method for producing an antireflection film
with the use of a roll-shaped moth-eye mold of an embodiment
of the present invention is described. The roll-shaped mold

has such an advantageous that, by spinning the roll-shaped
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mold around the axis, the surface structure of the mold can
be continuously transferred to a work (an object which has a
surface over which an antireflection film is to be formed).
[0129] The antireflection film production method of an
embodiment of the present invention includes the steps of:
providing the above-described mold; providing a work;
irradiating a photocurable resin interposed between the mold
and a surface of the work with 1light, thereby curing the
photocurable resin; and peeling off the mold from an
antireflection film which is formed by the cured photocurable
resin.

[0130] When a roll-shaped film is used as the work, an
antireflection film can be produced by a roll-to-roll method.
It is preferred that the film includes a base film and a hard
coat layer provided on the base film, and the antireflection
film is provided on the hard coat layer. As the base film,
for example, a TAC (triacetyl cellulose) film may be
preferably used. As the hard coat layer, for example, an
acrylic hard coat material may be used.

[0131] The metal sleeve 72m of the mold 100a shown in FIG.
15(e) readily deforms, and therefore, it is difficult to use
the mold 100a as it is. In view of guch, a core member 50 is
inserted inside the metal sleeve 72m of the mold 100a as
shown in FIG. 17, whereby a mold 100A is obtained which can

be used in an antireflection film production method according
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to a roll-to-roll method. Note that the mold 100A shown in
FIG. 17 has a buffer layer 16 which 1ig provided on the
support 12.

[0132] Next, an antireflection film production method with
the use of a mold of an embodiment of the present invention
is described with reference to FIG. 18. FIG. 18 is a
schematic cross-sectional view for illustrating a method for
producing an antireflection film according to a roll-to-roll
method.

[0133] Firstly, a moth-eye mold 100A in the form of a
roll, which is shown in FIG. 17, is provided.

(0134] Then, as shown in FIG. 18, a work 42 over which a
UV-curable resin 32’ is applied on its surface is maintained
pressed against the moth-eye mold 100A, and the UV-curable
resin 32’ is irradiated with ultraviolet (UV) light such that
the UV-curable resin 32’ is cured. The UV-curable resin 327
used may be, for example, an acrylic resin. The work 42 may
be, for example, a TAC (triacetyl cellulose) film. The work
42 is fed from an unshown feeder roller, and thereafter, the
UV-curable resin 32’ is applied over the surface of the work
42 using, for example, a slit coater or the like. The work
42 is supported by supporting rollers 62 and 64 as shown in
FIG. 18. The supporting rollers 62 and 64 have rotation
mechanisms for carrying the work 42. The moth-eye mold 100A

in the form of a zroll 1is rotated at a rotation speed

56



B3044SH
PCT/IP2013/065323

corresponding to the carrying speed of the work 42 in a
direction indicated by the arrow in FIG. 18.

[0135] Thereafter, the moth-eye mold 100A 1is separated
from the work 42, whereby a cured material layer 32 to which
an uneven structure of the moth-eye mold 100A (inverted moth-
eye structure) is transferred is formed on the surface of the
work 42. The work 42 which has the cured material layer 32
formed on the surface 1is wound up by an unshown winding
roller.

[0136] In the example described hereinabove, a metal
sleeve ig used as the metal base, although an aluminum base
in a bulk form may ke used instead of the metal sleeve.

[0137] Next, a method for manufacturing a roll-shaped mold
base which is for use in formation of a cylindrical (roll-
shaped) moth-eye mold is described with reference to FIG. 19
and FIG. 20.

[0138] A c¢ylindrical mold base manufacturing method
according to an embodiment of the present invention includes
the step of arranging a cylindrical base in a film formation
chamber so as to be at least capable of rotating around its
own cylindrical axis, and the step of depositing an aluminum
alloy 1layer over an outer perimeter surface of the base
according to a DC magnetron sputtering method, using a target
that contains aluminum and a non-aluminum metal element, in

an atmosphere in the film formation chamber in which a
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nitrogen gas is mixed, while the base is kept rotating around
its own cylindrical axis.

[0139] Although, as a matter of course, the c¢ylindrical
mold base c¢an be manufactured on a one-by-one basis,
manufacturing a plurality of mold bases at one time is
preferred from the viewpoint of mass productivity. FIGS.
19(a) and 19(b) are schematic diagrams for illustrating a
method of manufacturing a plurality of cylindrical mold
bases.

(0140] FIGS. 19(a) and 19(b) schematically show an
arrangement of cylindrical bases (e.g., the metal sleeve 72m
described above) in a film formation chamber (also referred
to as “chamber”; not shown) in which sputtering is to be
performed.

[0141] As shown in FIG. 19(b), nine cylindrical bases are
arranged on a rotatable stage ST along a circumferential
direction with constant intervals. The inside of the chamber
is controlled to a predetermined vacuum degree, and a
sputtering gas (Ar gas) and a nitrogen gas each can be
supplied into the chamber at a predetermined flow rate.

[0142] The cylindrical bases 72m are placed on sub-stages
SST which are rotatable independently or in synchronization
with one another. Therefore, the cylindrical bases 72m are
arranged so as to be capable of rotating around their own

cylindrical axes on the sub-stages SST while orbiting along
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the circumferential direction of the stage ST.

[0143] The sputtering apparatus 1is, for example, a
carousel sputtering apparatus and includes, for example, four
targets T1l, T2, T3, and T4 as shown in FIG. 19(b). Materials
can be supplied intoc the film formation chamber by opening
and closing shutters 81, 82, 83, and S4. As for the above-
described inorganic layers, formation of the S$Si0O, layer and
the Tax0, layer is realized by RF sputtering, and formation
of the Al-Ti layer is realized by DC sputtering. Note that,
in formation of the Al-Ti layer, the inside of the film
formation chamber is an atmosphere which contains a nitrogen
gas at a predetermined volume fraction so that a nitrogen-
containing aluminum alloy layer is formed. The composition
of the targets is, for example, Al: 99.5 mass% and Ti: 0.5
mass%.

[0144] The directions of the rotation and the orbital
movement of the cylindrical bases 72m are preferably
identical (here, clockwise), and the rotation speed and the
orbital movement speed are preferably slow.

[0145] As shown in FIG. 19(a), there is no necessity to
occupy all of the sub-stages 8ST by the cylindrical bases
72m. Note that, however, as illustrated in FIG. 19(a),
shield members are preferably provided at both sides of a
cylindrical base 72m which is to be a final product. The

shield members are arranged such that the cylindrical bases
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72m are uniformly exposed to the materials supplied from the

targets. The shield members may be a cylindrical base which
is not to be used (dummy 724). When all of the sub-stages
88T are occupied by the <c¢ylindrical Dbases 72m, two

cylindrical bases 72m which are adjacent to each of the
cylindrical bases 72m function as the shield members.

[0146] The results of examinations as to specific film
formation conditions are described with reference to FIGS.
20(a) to 20(d).

[0147] Although the carousel sputtering apparatus used in
experiments 1s capable of housing twelve cylindrical bases
72m which have a diameter of 300 mm and a length of about
1600 mm, FIG. 20 shows the case of nine cylindrical bases for
the sake of simplicity. The sub-stages SST are arranged such
that when the c¢ylindrical bases 72m have a diameter of 300
mm, the shortest distance between the targets Tl to T4 and
the cylindrical bases 72m is 7 cm. The rotation period of
the cylindrical bases 72m is about 20 seconds. The orbital
movement period of the cylindrical bases 72m is about 100
seconds.

[0148] FIGS. 20 (a) to 20(d) schematically show
arrangements of the c¢ylindrical bases 72m used 1in the
experiments.

[0149] In FIG. 20(a), a cylindrical base 72m which has a

diameter of 150 mm is placed at the center of the sub-stage
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SST with no shield members at both sides of the cylindrical
base. This is referred to as “arrangement a”.

[0150] In FIG. 20(b), a cylindrical base 72m which has a
diameter of 150 mm is placed so as to rotate at a position
which is 4.5 cm closer to the targets than the center of the
sub-stage S8ST, and dummy cylindrical bases 724 (or simply
*dummies 72d”) which have a diameter of 300 mm are placed as
the shield members at both sides of the cylindrical base 72m.
This is referred to as “arrangement b”.

[0151] In FIG. 20(c¢), a cylindrical base 72m which hasg a
diameter of 150 mm ig placed so as to rotate at a position
which is 4.5 cm closer to the targets than the center of the
sub-stage S8ST as in FIG. 20(b), and instead of the dummies
72d of FIG. 20(b), shield plates 74 are placed at positions
which are closer to the surfaces of the adjacent dummies 72d.
This is referred to as “arrangement c”.

[0152] In FIG. 20(d), a cylindrical base 72m which has a
diameter of 300 mm is placed at the center of the sub-stage
88T, and dummies 72d which have a diameter of 300 mm are
placed at both sides of the cylindrical base 72m. This is
referred to as “arrangement d4d”.

[0153] In the experiment which will be described below,
the cylindrical base 72m used wag an aluminum pipe. (The
aluminum pipe was made of a material from the 6000 series.

The thickness of the pipe was 5 to 25 mm).
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[0154] First, a Si0, layer having a thicknegg of 15 nm to
70 nm was formed on the surface of the cylindrical bases 72m,
and an aluminum alloy layer (Al-Ti layer) was formed on the
S$i0, layer. In formation of the aluminum alloy layer, the
flow rate of the nitrogen gas supplied into the film
formation chamber was varied so that a nitrogen-free aluminum
alloy 1layer (comparative example) and nitrogen-containing
aluminum alloy layers of different nitrogen contents were
formed. The target used was such that Al: 99.5 mass% and Ti:
0.5 mass%.

[0155] Mold bases including the resultant aluminum alloy
layers were visually evaluated and evaluated as to the
etching property with phosphoric acid, the structure of the
moth-eye mold, and the electrical resistance.

[0156] Firstly, the results of examinations as to the
effects of arrangements a to d that have been described with
reference to FIG. 20 on the film quality of the aluminum
alloy layer are shown in FIG. 21. Among samples A to H shown
in FIG. 21, sample A was formed with arrangement a, sample B
was formed with arrangement b, samples C and D were formed
with arrangement ¢, and samples E to H were formed with
arrangement d. Also, the effects of presence/absence of
supply of the nitrogen gas (nitrogen gas flow rate: 10 sccm)
and the arrangement of the shield members (dummies 724,

shield plates 74) were examined. Further, moth-eye molds
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were manufactured, and the light sgcatterability of the
surfaces of the moth-eye molds was evaluated. The light
scatterability was evaluated wusing a <colorimeter/color
difference meter (CR-331 manufactured by Konica Minolta,
Inc.) Specifically, collimated 1light i1is provided in a
direction inclined by 45° with respect to the normal
direction of the moth-eye mold surface, and the 1light
scatterability was evaluated based on the Y wvalue of light
incident on a detector positioned in the normal direction of
the moth-eye mold surface. Larger Y values mean higher light
scatterability. Note that the results of sample A
(arrangement a) are not shown in FIG. 21. This 1is Dbecause
sample A had poor specularity in the aluminum alloy layer
surface so that the reflectance to light of 400 nm to 700 nm
was approximately not more than 20%, which was a very low
value. Sample A looked opaque to human eye. Therefore,
sample A was determined to be ineligible before manufacture
of a moth-eye mold.

[0157] The manufacture conditions for the moth-eye molds
are as follows:

Anodization Step: Oxalic acid aqueous solution: 0.025
mol/L, Temperature: 10°C, Forming voltage: 45 V, Anodization
duration (electric conduction duration): 3 minutes and 30
seconds.

Etching Step: Phosphoric acid aqueous solution: 1 mol/L,
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Temperature: 30°C, Etching duration: 20 minutes.

[0158] The above-described anodization step and etching
step were alternately repeated four times, and thereafter,
the anodization step was carried out once at the end.

[0159] Referring to FIG. 21, as seen from the comparison
between sample A and sample B, the light scatterability of
the surface of the aluminum alloy layer can be reduced by
placing shield members (dummies) at both sides of a
cylindrical base (which is to be a final product). Further,
as sgeen from the comparison between sample B and samples C
and D, the effect of reducing the light scatterability of the
surface improves as the distance between the base and the
shield members decreases.

[0160] Further, as seen from the comparison between
samples E and F and samples G and H, supply of nitrogen
reduces the light scatterability of the surface. Samples C
and D and samples G and H, which were formed with supply of
nitrogen, not only have small Y wvalues, but also have small
variations in that wvalue (the variation between sample C and
sample D and the variation between sample G and sample H), as
compared with samples E and F. That is, it can be seen that
supply of nitrogen enableg reduction of manufacture
variations.

[0161] Next, the results of examinations as to the

preferred range of the amount of supplied nitrogen are
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described.

[0162] The amount of supplied nitrogen was controlled by
controlling the flow rate of the nitrogen gas supplied into
the film formation chamber in the film formation step with
the use of the above-described sputtering apparatus. The
content of nitrogen in the aluminum alloy layer was
controlled by adjusting the flow rate of the nitrogen gas to
0 sccm (no nitrogen), 5 sccm, 10 sccem, 15 sccem, and 20 sccm
in the sputtering gas (flow rate: 440 sccm), while the film
formation conditions for the aluminum alloy layer were the
same as those described above and the vacuum degree was 0.4
Pa.

[0163] The spectral reflectances of the surfaces of the
aluminum alloy layers (as-grown: initial wvalues) and the
spectral reflectances of the surfaces of the aluminum alloy
layers immersed in a 1 mol/L phosphoric acid aqueous solution
for 100 minutes were measured. The results of the
measurement are shown in FIG. 22. The measurement wavelength
range was 400 nm to 700 nm.

[0164] As clearly seen from FIG. 22, the sample of the
comparative example which was formed with no nitrogen gas
mixed in the sputtering gas exhibited greatly decreased
reflectance because of immersion in the phosphoric acid
agueous solution. That is, because of the phosphoric acid

agqueous solution, the surface of the aluminum alloy layer was
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etched so that the specularity greatly decreased.

[0165] On the other hand, it can be seen that the aluminum
alloy layers which were formed with the nitrogen gas mixed in
the sputtering gas still exhibited high reflectances over the
almost entire measurement wavelength range even after
immersion in the  phosphoric acid aqueous solution.
Particularly, the aluminum alloy layers still exhibited high
reflectances of not less than 85% over the almost entire
measurement wavelength range, except for the aluminum alloy
layer formed with the nitrogen gas mixed at the flow rate of
20 sccm. Among others, the aluminum alloy layers formed with
the nitrogen flow rate of 10 sccm and 15 sccem exhibited high
reflectances of not less than 86% both in the initial state
and after immersion in the phosphoric acid agqueous solution.
[0166] Next, the decrease in size of crystal grains that
form the aluminum alloy layer and the improvement in
uniformity of the crystal grains, which were achieved by
supply of nitrogen, are described with reference to FIGS.
23(a) to 23(c) and FIG. 24.

[0167] FIGS. 23(a) to 23(c) are SEM images of a pure
aluminum layer (target purity: not less than 99.99 mass%, no
nitrogen gas mixed) and an aluminum alloy layer formed with
the nitrogen gas mixed at the flow rate of 10 sccm (target
alloy: aluminum 99.5 mass%, Ti 0.5 mass%) which underwent one

cycle of the anodization step and thereafter immersion in a
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phosphoric acid aqueous solution, showing that minute
recessed portions formed by anodization gradually enlarge due
to the phosphoric acid aqueous solution. FIG. 24 is a graph
showing the relationship between the immersion duration (Et
time) in the phosphoric acid aqueous solution and the
diameter of the recessed portions determined from the SEM
images (pore diameter; corresponding to D, described above).
The anodization step and the etching step with the phosphoric
acid aqueous solution were carried out under the same
conditions as those described above. As seen from FIG. 24,
even when nitrogen is contained in the aluminum alloy, the
etching rate does not greatly vary.

[0168] As seen from the SEM images of FIGS. 23(a) to
23(c), the size of crystal grains that form the nitrogen-
containing aluminum alloy layer is smaller than the size of
crystal grains that form the pure aluminum layer, and the
crystal grains of the nitrogen-containing aluminum alloy
layer has high uniformity. Formation of recessed portions
(micropores) by anodization advances more vreadily at the
grain boundaries (valleys), and the etching also advances
more readily at the wvalleys. The nitrogen-containing
aluminum alloy layer has small crystal graing, and the
uniformity of the crystal grains is high. Therefore, the
valleys are small (shallow) so that the etching advances

uniformly. As a result, it is concluded that a plurality of
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recessed portions that form the inverted moth-eye structure
are formed very densely.

[0169] Next, moth-eye molds were produced through the
above-described process, and the surfaces of resultant porous
alumina layers were observed using SEM. In FIG. 25 through
FIG. 29, (a) 1is a sgsurface SEM image of the aluminum alloy
layer in the initial state, (b) is a surface SEM image after
immersion in a phosphoric acid aqueous solution (1 mol/L) for
100 minutes, (c) and (d) are x10000 and x50000 surface SEM
images after formation of a moth-eye mold, and (e) is a
cross-sectional SEM image viewed in 45° direction. FIG. 25
shows SEM images of an aluminum alloy layer of a comparative
example formed without supply of nitrogen. FIG. 26 shows SEM
images of an aluminum alloy layer with nitrogen supplied at 5
scem during film formation. FIG. 27 shows SEM images of an
aluminum alloy layer with nitrogen supplied at 10 sccm during
film formation. FIG. 28 shows SEM images of an aluminum
alloy layer with nitrogen supplied at 15 scem during film
formation. FIG. 29 shows SEM images of an aluminum alloy
layer with nitrogen supplied at 20 sccm during £ilm
formation.

[0170] The initial surface roughness of the aluminum alloy
layers shown in part (a) of FIG. 25 through FIG. 29 was
measured using AFM. When no nitrogen mixed or the nitrogen

flow rate was 5 sccm, 10 scem, 15 scem, and 20 sccm, the
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average surface roughness Ra was 5.527 nm, 5.102 nm, 3.145
nm, 2.582 nm, and 3.012 nm, respectively, and the maximum
surface roughness Rmax was 95.48 nm, 57.13 nm, 43.59 nm,
32.52 nm, and 40.16 nm, respectively. It can also be seen
from this that, when the nitrogen flow rate is 10 sccm to 15
sccm, an aluminum alloy layer can be formed which has small
surface roughness and high specularity.

[0171] As clearly seen from the comparison of parts (c)
and (d) of FIG. 25 and parts (c) through (e) of FIG. 26
through FIG. 29, the recessed portions formed in the porous
alumina layers shown in parts (c¢) through (e) of FIG. 26 and
FIG. 27 are uniform and dense.

[0172] Next, the composition of porous alumina layers
formed using aluminum alloy layers which have different
nitrogen contents is described with reference to FIG. 30.
The porous alumina layers were formed through the same
process as that previously described with regard to the
above-described moth-eye mold manufacturing method. Here,
the composition of porous alumina layers formed using
aluminum alloy layers formed under the same conditions as
those employed for the aluminum alloy layers  whose
composition analysis zresults are shown in FIG. 13 was
analyzed using ESCA 1in the same way as that previously
described. In consideration of the distribution along the

thickness direction of the composition, the composition
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analysis was performed while etching was carried out using an
etching gun of the ESCA (Et (sec) in the graph). In the
measurement, a photoelectron spectrometer JPS-9000MC
manufactured by JEOL Ltd. was used.

[0173] FIG. 30 shows the results of the composition
analysis of the porous alumina layers (without nitrogen, the
nitrogen flow rate: 10 sccm, 15 sccm, 20 sccm).

[0174] It can be inferred from the results which were
obtained when the etching duration was 180 seconds that the
aluminum alloy layer underlying the porous alumina layer was
expogsed. Thus, see the results which were obtained when the
etching duration was 10 seconds to 120 seconds.

[0175] As seen from FIG. 30, the nitrogen content of a
porous alumina layer formed using a nitrogen-containing
aluminum alloy layer (nitrogen flow rate during film
formation: 10 sccm) was not less than 0.5 mass% and not more
than 1.1 mass%, the nitrogen content of a porous alumina
layer formed using a nitrogen-containing aluminum alloy layer
(nitrogen flow rate during film formation: 15 sccm) was not
less than 0.7 mass% and not more than 1.4 mass%, and the
nitrogen content of a porous alumina layer formed using a
nitrogen-containing aluminum alloy layer (nitrogen flow rate
during film formation: 20 sccm) was not less than 0.8 mass$%
and not more than 1.7 mass%. That is, it can be seen that a

porous alumina layer formed using a nitrogen-containing
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aluminum alloy layer also contains nitrogen, and the nitrogen
content of the porous alumina layer 1is not legs than 0.5
mass% and not more than 1.7 mass%. Particularly, the
nitrogen content of a porous alumina layer formed using an
aluminum alloy layer which has a small surface roughness
(nitrogen flow rate during film formation: 10 sccm to 15
sccm) is not less than 0.5 mass% and not more than 1.4 mass%.
[0176] In an antireflection film produced using a moth-eye
mold which includes the thus-obtained porous alumina layer,
as seen from FIG. 33(a), large raised portions which can
cause scattering of light (the two-dimensional size viewed in
the normal direction of the film is approximately 300 nm) are
not seen, and the moth-eye structure is uniformly formed, so
that the antireflection film performs an excellent
antireflection function. Note that the antireflection film
shown in FIG. 33(a) was produced with the use of a moth-eye

mold including the porous alumina layer shown in FIG. 28.

INDUSTRIAL APPLICABILITY

[0177] The present invention relates to a mold base, a
mold base manufacturing method, a mold manufacturing method,
and a mold, and particularly, can be widely used for a
manufacturing method of a moth-eye mold which hasg a porous
alumina layer over its surface. The moth-eye mold can be

suitably used for, for example, production of an
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[CLAIMS]
[Claim 1]
A mold base for use in manufacture of z mold that has a

porous alumina layer over its surface, comprising:

a base; and

an aluminum alloy laver provided on the base,

wherein the aluminum alloy layer contains aluminum, a
non—aluminum metal element, and nitrogen.
(Claim 2]

The mold base of claim 1, wherein

an average ¢rain diameter of crystal grains that form
the aluminum alloy layer when viewed in & normal direction of
the aluminum alloy layer is not more than 100 nm, and

a maximum surface roughness Rmax of the aluminum

alloy layer is not more than 60 nm.

[Claim 3]
The mold base of claim 1 oxr 2, wherein a content of the
nitrogen in the aluminum alloy layer is not less than 0.5
mass% and not more than 5.7 mass%.
[Claim 4]
The mold base of any of claims 1 to 3, wherxein
an absolute value of a difference between a standard
electrede potential of the metal element and a standard
electrode potential of aluminum is not more than 0.64 V, and
a content of thé metal element in the aluminum alloy

layer is not less than 1.0 mass% and not more than 1.9 mass%.
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[Claim 5]

The mold base of any of claims 1 to 4, wherein the metal
element is Ti or Nd.
[(Claim 6]

Tha mold base of any of claims 1 to 5, wherein

the base is a metal base, and

th

0]

mold base further comprises an inorganic underlayer
provided between the metal base and the aluminum alloy laver.
[Claim 7]

The mold base ¢f claim 6, further comprising an orxganic
insulating layer provided between the metal base and the
inorganic underlayer.

[Claim 8]

The mold base of claim 6 or 7, further comprising a
buffer layer provided between the inorganic underlayer and
the zluminum alloy layer,

wherein the buffer layer contains aluminum, the metal

element, and cxygen or nitrogen.

[Claim 9}
The mold base of any of claims & to 8, wherein
the metal base has a cylindrical -shape, and
the inorgsnic undexlayer is provided over an outer

perimeter surface of the cylindrical metal base.
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fClaim 10]

A method for manufacturing a mold base of any of claims
1 to 9, the mold having a cylindrical shape, the method
comprising the steps oi:

{a) arranging the cylindrical base in & film formation
chamber so as to be at least capable of rotatiag around its

own cylindrical axis; and

{b) depositing the aluminum alloy layer over an outer
perimeter surface of Lhe base according to a DC magnetron
sputtering methoqd, using a target that contains aluminum and
a non-aluminum metal element, in an atmosphere in the film
formation chamber in which a nitrogen gas is mixed, while the
base is kept rotating around its own cylindrical axis.

[Claim 11]

The method of claim 10, wherein

step (&) includes arranging a plurality of cylindrical
bases such that each of the plurality of cylindrical bases is
capable of rotating arcund its own cylindrical axis and the
axes of the plurality of bases orbit along an identical
circumference, and

in step {b), each of the plurality of bases orbits along
the circumference while rotating around its own cylindrical

axis.

[Claim 12]
The methed of claim 11, wherein step (a) includes

arranging a shield member between the plurality of bases.
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[Claim 13]

A method for manufacturing a mold which has an inverted
moth-eye structure over

its surface,

the inverted moth-eye
is not

strzucture having a plurality of recessed portions whose two-
dimensional size viewed in a direction normal to its
less than 10 nm and
comprising the steps of:

surface
less than 500

nm, the method
(a) previding the mold base as set
claims 1 to 9;

forth in any of
{(b) partislly ancodizing the aluminum alloy layer to form
a porous alumina layer which has a plurality of
recessed portions;
{c) after step

(b),

minuie

bringing the porcus alumina laver
inte contact with an etching solution, thereby enlarging the
plurality of minute recessed portions of the porous alumina
layer; and
{d) after step (c).,

further performing =anodization to
grow the plurality of minute recessed portions.
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[Claim 14]

A mold, comprising:

a base; and

a porous alumina layer prcvided on the base,

wherein the porous alumina layer has a plurality of
recessed portions whose two-dimensional size viewed in a
direction normal to its surface is not less than 10 nm and
less than 500 nm and the porous alumina laver contains
nitrogen, the porous alumina layer having an inverted moth-
eye structurz over its surface.
[Claim 151

The mold of claim 14, further comprising an aluminum
alloy layer provided between the base and the porous alumina

layer,

wherein the aluminum alloy layer contains aluminum, a

non-aluminum metal element, and nitrogen.
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