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(57) ABSTRACT

The present invention relates to a fine structure form such as
a wire-grid polarizer 1 comprising a substrate having convex
stripes 50 formed at a pitch of at most a visible light wave-
length on at least one surface thereof, an inorganic oxide layer
30 covering at least the top 52 of the convex stripes 50, and a
fluorinated compound layer 32 formed by treating at least the
surface of the inorganic oxide layer 30 with a fluorinated
compound having a group reactive with the inorganic oxide,
wherein the inorganic oxide layer 30 covering the top 52 of
the convex stripes 50 has a thickness Ha of at least 30 nm and

(30) Foreign Application Priority Data aratio of the thickness Ha to the width Dat (i.e. Ha/Dat) of at
most 1.0; and a liquid crystal display device comprising such
Feb. 22,2011  (JP) oo 2011-035641 a fine structure form.
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FINE STRUCTURE FORM AND LIQUID
CRYSTAL DISPLAY DEVICE COMPRISING
THE FINE STRUCTURE FORM

TECHNICAL FIELD

[0001] The present invention relates to a fine structure form
such as a wire-grid polarizer or an antireflection article, and a
liquid crystal display device comprising the fine structure
form.

BACKGROUND ART

[0002] A wire-grid polarizer is known as a polarizer show-
ing a polarization separation function in a visible light region
(referred to also as a polarizing element or a polarization
separation element) which is useful for an image display
device such as a liquid crystal display device, a rear-projec-
tion television or a front projector. Further, an antireflection
article such as an antireflection film is known as a component
to be disposed on the surface of e.g. a display of an image
display device so as to prevent reflection of external light on
the surface of the display.

[0003] A wire-grid polarizer has such a structure that a
plurality of fine metal wires are arranged in parallel with one
another on an optically transparent substrate. In a case where
the pitch of the fine metal wires is sufficiently shorter than the
wavelength of incident light, a component of the incident
light having an electric field vector perpendicular to the fine
metal wires (i.e. p-polarized light) will be transmitted, and a
component having an electric field vector parallel with the
fine metal wires (i.e. s-polarized light) will be reflected.
[0004] Insuchawire-gridpolarizer, the fine metal wires are
very fine, whereby the abrasion resistance of the fine metal
wires is low. Therefore, the metal fine wires are subject to
breakage by e.g. a physical contact to the surface of the
wire-grid polarizer. In the wire-grid polarizer, even slight
breakage of the fine metal wires is influential over the perfor-
mance of the wire-grid polarizer.

[0005] Therefore, in order to prevent breakage of the fine
metal wires, it has been proposed to cover the fine metal wires
with a protective film formed by a CVD method using tetra-
ethoxysilane and oxygen gas (Patent Document 1).

[0006] However, such a protective film is formed by aCVD
method, i.e. not by a PVD method (such as a sputtering
method or a vacuum vapor deposition method) wherein an
objective substrate is bombarded with high energy target
components or evaporated particles, and therefore, the fine
metal wires are poor in adhesion to the protective layer,
whereby the protective layer is likely to be peeled off by e.g.
a physical contact. It is therefore required to make the thick-
ness of the protective layer relatively thick (to a level of about
200nm). As aresult, the protective film tends to penetrate into
spaces between the fine metal wires, and the spaces will be
embedded with the protective layer and become small,
whereby the optical properties of the wire-grid polarizer will
be deteriorated. And, if the optical properties of the wire-grid
polarizer are deteriorated, the luminance and the contrast of
the liquid crystal display device provided with such a wire-
grid polarizer are thereby deteriorated.

[0007] On the other hand, as the antireflection article, there
is, for example, one having such a structure that fine protru-
sions so-called a moth-eye structure are formed at a predeter-
mined pitch. In such an antireflection article, the protrusions
are very fine, whereby the abrasion resistance of the protru-
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sions is low, and the protrusions are subject to breakage by
e.g. a physical contact. Breakage of the protrusions leads to
deterioration of the antireflection performance, and therefore,
it is desired to develop a technique to prevent such breakage.

PRIOR ART DOCUMENT

Patent Document

[0008] Patent Document 1: JP-A-2009-069382
DISCLOSURE OF INVENTION
Technical Problem
[0009] The present invention is to provide a fine structure

form such as a wire-grid polarizer or an antireflection article
having adequate abrasion resistance and optical properties,
and a liquid crystal display device provided with such a fine
structure form.

Solution to Problem

[0010] The fine structure form of the present invention
comprises a substrate having convex portions formed at a
pitch of at most a visible light wavelength on at least one
surface thereof, an inorganic oxide layer covering at least the
top of the convex portions, and a fluorinated compound layer
formed by treating at least the surface of the inorganic oxide
layer with a fluorinated compound having a group reactive
with the inorganic oxide, wherein the inorganic oxide layer
covering the top of the convex portions has a thickness Ha of
at least 30 nm and a ratio of the thickness Ha to the width Dat
(i.e. Ha/Dat) of at most 1.0.

[0011] Itis preferred that the inorganic oxide layer covers at
least a part of a side surface of the convex portions, and the
inorganic oxide layer covering the side surface has a ratio of
the thickness Da in the width direction to the width Dat (i.e.
Da/Dat) of at most 0.25.

[0012] The fluorinated compound layer preferably has a
thickness Hf of from 1 to 30 nm.

[0013] The fluorinated compound preferably has a
hydrolysable silyl group and a fluoroalkyl group (which may
have an etheric oxygen atom between carbon-carbon atoms).
[0014] The wire-grid polarizer of the present invention is a
wire-grid polarizer comprising the fine structure form of the
present invention, wherein the convex portions are convex
stripes formed in parallel with one another, and on at least the
top of the convex stripes, a plurality of fine metal wires made
of a metal layer and separated from one another, are formed.
[0015] The antireflection article of the present invention
comprises the fine structure form of the present invention.
[0016] The antireflection article of the present invention
comprises the fine structure form of the present invention,
wherein the substrate preferably has a moth-gye structure.
[0017] Inthe antireflection article of the present invention,
the substrate is preferably an optically transparent substrate.
[0018] The liquid crystal display device of the present
invention comprises the fine structure form of the present
invention.

[0019] For example, the liquid crystal display device of the
present invention comprises a liquid crystal panel having a
liquid crystal layer interposed between a pair of substrates, a
backlight unit, and the wire-grid polarizer of the present
invention.
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Advantageous Effects of Invention

[0020] According to the present invention, it is possible to
provide a fine structure form such as a wire-grid polarizer or
an antireflection article having adequate abrasion resistance
and optical properties, and a liquid crystal display device
provided with such a fine structure form.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG.11is a perspective view illustrating an example
of the wire-grid polarizer.

[0022] FIG. 2 is a perspective view illustrating another
example of the wire-grid polarizer.

[0023] FIG.3 isaperspective view illustrating the optically
transparent substrate for the wire-grid polarizer in FIG. 2.

[0024] FIG. 4 is a perspective view illustrating another
example of the wire-grid polarizer.

[0025] FIG.5 is a perspective view illustrating the optically
transparent substrate for the wire-grid polarizer in FIG. 4.

[0026] FIG. 6 is a cross-sectional view illustrating an
example of the liquid crystal display device of the present
invention.

[0027] FIG. 7 is a cross-sectional view illustrating an
example of the antireflection article of the present invention.

DESCRIPTION OF EMBODIMENTS

[0028] The fine structure form of the present invention
comptrises a substrate having convex portions formed at a
pitch of at most a visible light wavelength on at least one
surface thereof, an inorganic oxide layer covering at least the
top of the convex portions, and a fluorinated compound layer
formed by treating at least the surface of the inorganic oxide
layer with a fluorinated compound having a group reactive
with the inorganic oxide, wherein the inorganic oxide layer
covering the top of the convex portions has a thickness Ha of
at least 30 nm and a ratio of the thickness Ha to the width Dat
(i.e. Ha/Dat) of at most 1.0.

[0029] The fine structure form of the present invention may,
for exaniple, be an optical fine structure form such as a wire-
grid polarizer or an antireflection article.

[0030] In the present invention, convex portions are meant
for portions rising from the main surface of a substrate,
wherein the rising extends in one direction. The convex por-
tions may be integral with the main surface of the substrate
and may be made of the same material as the main surface
portion of the substrate, or they may be made of a material
different from the main surface portion of the substrate. Oth-
erwise, the convex portions may be constituted by base por-
tions made of the same material as the main surface portion of
the substrate and upper portions formed on the base portions
and made of a material different from the main surface por-
tion of the substrate.

[0031] The convex portions may, for example, be convex
stripes extending in a direction along with the plane direction
of the substrate and formed in parallel with one another at a
predetermined pitch of at most a wavelength of visible light;
or protrusions made in the form of a cone such as a circular
cone or a pyramid, or a frustum based on such a cone (i.e. one
having the top portion of a cone removed from the cone) and
formed at a predetermined pitch of at most a wavelength of
visible light.
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[0032] For example, a wire-grid polarizer has convex
stripes as the convex portions, and an antireflection article has
protrusions in the form of a cone or a frustum based on the
cone, as the convex portions.

[0033] In the case where the convex portions are convex
stripes, a pitch is a sum of the width of a convex stripe (the
length in a direction parallel with the main surface of the
substrate and in a direction perpendicular to the length direc-
tion of the convex stripe) and the width of a groove formed
between adjacent convex stripes.

[0034] In the case where the convex portions are protru-
sions, a pitch is a distance between the bottom centers of the
protrusions closest to each other.

[0035] Inaconvex stripe, it is preferred that the shape of its
cross-section in a direction perpendicular to its length direc-
tion and to the main surface of the substrate, is substantially
constant in its length direction, and also in a plurality of
convex stripes, their cross-sectional shapes are preferably all
substantially constant. The cross-sectional shape of a convex
stripe may, for example, be a shape having substantially the
same width from the bottom (the main surface of the sub-
strate) up to the top, or a shape having the width gradually
narrowed from the bottom toward the top.

[0036] Specifically, it may, for example, be rectangular,
triangular or trapezoidal. Such a cross-sectional shape may be
such that a corner or side (side surface, top surface (top and
bottom surfaces)) is curved.

[0037] Theprotrusions are preferably such that the shape of
each protrusion is substantially constant. Further, the cross-
sectional shape may be such that a corner or side (side surface,
top surface (top and bottom surfaces)) is curved.

[0038] Inthe present invention, the top means, inthe case of
a convex stripe, such a portion that the highest portion in the
above cross-sectional shape continues in the length direction.
The top of a convex stripe may be a face or a line. Further, in
the case of a protrusion, the top is the highest portion of each
protrusion. The top of a protrusion may be a face or a spot.

[0039] In the present invention, the surface other than the
top of'a convex portion is referred to as a side surface. Further,
the flat portion between the adjacent two convex portions is
regarded as the main surface of the substrate i.e. not as the
surface of the convex portion.

<Wire-Grid Polarizer>

[Substrate]

[0040] A substrate provided with the wire-grid polarizer of
the present invention, comprises an optically transparent sub-
strate and a plurality of fine metal wires arranged in parallel
with one another on the optically transparent substrate. Such
a substrate may, for example, be a substrate comprising an
optically transparent flat substrate and convex stripes made of
fine metal wires, formed thereon, or a substrate comprising an
optically transparent substrate having base portions of convex
stripes (hereinafter referred to as convex base portions)
formed, and fine metal wires constituting upper portions of
the convex stripes (hereinafter referred to as convex upper
portions) formed on the convex base portions of the optically
transparent substrate. At least the top of convex portions of
the wire-grid polarizer is made of a metal layer, whereby a
plurality of fine metal wires are formed as separated from one
another.
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(Optically Transparent Substrate)

[0041] Theoptically transparent substrate has optical trans-
parency in a wavelength range to be used for the wire-grid
polarizer. Optical transparency means to transmit light, and
the wavelength range to be used, is specifically a range of
from 400 nm to 800 nm.

[0042] The material for the optically transparent substrate
may, for example, be a photo-cured resin, a thermoplastic
resin or glass. A photo-cured resin or a thermoplastic resin is
preferred in that it is thereby possible to form convex base
portions by the after-mentioned imprinting method. A photo-
cured resin is particularly preferred in that it is thereby pos-
sible to form convex base portions by an optical imprinting
method, and it is excellent in heat resistance and durability.
From the viewpoint of the productivity, the photo-cured resin
is preferably a photo-cured resin obtainable by photo-curing
a photo-curable composition which is photo-curable by
photo-controlled radical polymerization.

[0043] The optically transparent substrate may be a lami-
nate. Such a laminate may, for example, be one comprising a
base material made of e.g. a thermoplastic resin or glass, and
asurface layer having convex base portions made of a photo-
cured resin, formed on the surface of the base material.
[0044] In a convex base portion, it is preferred that the
shape of its cross-section in a direction perpendicular to its
length direction and to the main surface of the substrate is
substantially constant in the length direction, and also in the
plurality of convex base portions, their cross-sectional shapes
are preferably all substantially constant. The cross-sectional
shape of a convex base portion may, for example, be a shape
having substantially the same width from the bottom (the
main surface of the substrate) up to the top of the convex base
portion, or a shape having the width gradually narrowed from
the bottom toward the top. Specifically, the cross-sectional
shape may, for example, be rectangular, triangular or trap-
ezoidal. Such a cross-sectional shape may have a corner or
side (side surface) curved.

(Fine Metal Wires)

[0045] The fine metal wires may be ones formed by pat-
terning a metal layer made of a metal or metal compound
formed on the surface of a flat optically transparent substrate.
In this case, fine metal wires formed by the patterning con-
stitute convex stripes of the substrate. The fine metal wires
may also be ones obtained by forming metal layers made of a
metal or metal compound selectively on the surfaces of a
plurality of convex base portions formed on a surface of an
optically transparent substrate in parallel to one another and
at a predetermined pitch via flat portions formed between the
convex base portions. In this case, the convex stripes of the
substrate are constituted by the convex upper portions made
of the fine metal wires and the convex base portions of the
optically transparent substrate.

[0046] The plurality of fine metal wires may be formed
substantially in parallel and may not be formed completely in
parallel. A wire constituting each fine metal wire is preferably
a straight wire whereby an optical anisotropy in-plane can
easily be obtained, but may be a curved wire or bent wire to
such an extent that it will not be in contact with the adjacent
wires.

[0047] In a case where a metal layer is formed on the
surface of a convex base portion, a fine metal wire is consti-
tuted by the metal layer extending in the length direction of
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the convex base portion. The metal layer may cover at least a
part of the surface of a convex base portion so long as it is
substantially continuous in the length direction and so long as
there is no discontinuous portion other than fine defects. At
that time, the metal layer may cover a part or whole of the top
of the convex base portion, or may cover whole of the top of
the convex base portion and a part or whole of the 2nd side
surface of the convex base portion. Further, the metal layer
may cover a part of the flat portion between the adjacent two
convex base portions. The top of a convex base portion is
meant for such a portion that the highest portion in the cross-
sectional shape of the convex base portion continues in the
length direction. The top of a convex base portion may be a
face or line.

[0048] The metal may, for example, be a metal simple
substance, an alloy or a metal containing a dopant or impurity.
Specifically, aluminum, silver, chromium, magnesium, an
aluminum type alloy or a silver type alloy may be mentioned.
[0049] The material for the fine metal wires is preferably
aluminum, an aluminum type alloy, silver, chromium or mag-
nesium, particularly preferably aluminum or an aluminum
type alloy, since it has high reflectance to visible light, little
absorption of visible light and high electrical conductivity.

[Inorganic Oxide Layer]

[0050] Theinorganic oxide layer is a layer covering at least
the top of the convex stripes of the substrate. The inorganic
oxide layer may cover at least a part of two side surfaces of
each convex stripe, or the surface of the substrate between the
convex stripes (the flat portion between the convex stripes).
However, even in a case where it covers only the top of the
convex stripes, adequate effects (abrasion resistance and opti-
cal properties) can be obtained.

[0051] The inorganic oxide layer is preferably formed to
have a void space (a groove) formed between convex stripes
i.e. so that the void space (the groove) between convex stripes
will not be embedded as far as possible, from the viewpoint of
the optical properties.

[0052] The material for the inorganic oxide layer may, for
example, be silicon oxide, zirconium oxide, tin oxide, tita-
nium oxide or aluminum oxide. Silicon oxide, zirconium
oxide ortin oxide is preferred in that a wire-grid polarizer will
thereby exhibit high transmittance in a short wavelength
region, and silicon oxide is particularly prefetred from the
viewpoint of costs.

[0053] The thickness Ha (in the height direction of convex
stripes) of the inorganic oxide layer covering the top of the
convex stripes, is preferably at least 30 nm and at most 150
nm. Further, when this thickness Ha is from 40 to 100 nm, the
abrasion resistance of the convex stripes will be excellent.
Here, Ha is a difference between the height of the top of the
convex stripes based on the flat portion between convex
stripes, and the height of the top of the inorganic oxide layer
likewise based on the flat portion between convex stripes.
[0054] Further, theratio of the thickness Ha ofthe inorganic
oxide layer covering the top of the convex stripes to the width
Datof the inorganic oxide layer covering the top ofthe convex
stripes (i.e. Ha/Dat) is at most 1.0. The ratio (i.e. Ha/Dat) is
preferably from 0.4 to 0.8. When the ratio (i.e. Ha/Dat) is at
most 1.0, the inorganic oxide layer covering the top of the
convex stripes will not be damaged and will serve to increase
the abrasion resistance of the convex stripes. Here, Dat is the
width of the inorganic oxide layer which is present above the
top ofthe convex stripes to cover the top, and is the maximum
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width in a case where the width is different in the height
direction of the inorganic oxide layer.

[0055] The inorganic oxide layer may cover, in addition to
the top of the convex stripes, two side surfaces of each stripe
or one side surface out of the two side surfaces. Further, it may
cover a part of such side surfaces. The ratio of the thickness
Da in the width direction of the inorganic oxide layer covering
the side surface to the above width Dat (i.e. Da/Dat) is pref-
erably at most 0.25. The ratio (i.e. Da/Dat) is more preferably
at most 0.2. When the ratio (i.e. Da/Dat) is at most 0.25, an
adequate void space (groove) will be formed between convex
stripes, whereby it is possible to increase the abrasion resis-
tance of the convex stripes while maintaining the optical
properties of the wire-grid polarizer to be good. Here, when
the entire height of a convex stripe is represented by H', Da is
a thickness in a width direction of the inorganic oxide layer
covering the side surface at a position corresponding to a half
of the height (H'/2). In a case where the two side surfaces are
covered by the inorganic oxide layer, it is preferred that both
side surfaces are covered so that the respective thicknesses Da
at both side surfaces satisfy the ratio (Da/Dat)<0.25.

[Fluorinated Compound Layer]

[0056] Thefluorinated compound layer is a layer formed by
treating the surface of the inorganic oxide layer with a fluori-
nated compound having a group reactive with the inorganic
oxide, and it covers the entire surface of the inorganic oxide
layer. For example, in a case where the fluorinated compound
is a fluorinated compound having the after-described
hydrolysable silyl group and fluoroalkyl group, the fluori-
nated compound layer is constituted by a hydrolytic conden-
sate of such a fluorinated compound.

[0057] Thegroup reactive with the inorganic oxide may, for
example, be a silanol group or a hydrolysable silyl group.
From the viewpoint of the reactivity with the inorganic oxide,
a hydrolysable silyl group is particularly preferred. The
hydrolysable silyl group is a group having an alkoxy group,
an amino group, a halogen atom, etc. bonded to a silicon atom
and a group capable of cross-linking by forming a siloxane
bond by hydrolysis. A trialkoxysilyl group, an alkyldialkox-
ysilyl group or the like is preferred.

[0058] The fluorinated compound is preferably a fluori-
nated compound having a hydrolysable silyl group and a
fluoroalkyl group (which may have an etheric oxygen atom
between carbon-carbon atoms) from the viewpoint of the
reactivity with the inorganic oxide and a low dynamic friction
coefficient.

[0059] The dynamic friction coefficient of the fluorinated
compound layer is preferably at most 0.2, more preferably at
most 0.15, from the viewpoint of the abrasion resistance.
[0060] The dynamic friction coefficient of the fluorinated
compound layer is measured in accordance with ASTM D
1894.

<Processes for Producing Wire-Grid Polarizer>

[0061] As processes for producing a wire-grid polarizer,
the following processes (ct) and (f) may be mentioned, which
are different in the method for forming fine metal wires.
[0062] Process (a): a process comprising the following
steps (I) to (1)

[0063] (D) A step of forming a substrate by forming a metal
layer on the surface of a flat optically transparent substrate
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and patterning the metal layer to form a plurality of fine metal
wires arranged in parallel with one another at a predetermined
pitch.

[0064] (II) A step of forming an inorganic oxide layer by
vapor-depositing an inorganic oxide on the side of the sub-
strate having the fine metal wires formed.

[0065] (III) A step of forming a fluorinated compound layer
by treating the surface of the inorganic oxide layer with a
fluorinated compound having a group reactive with the inor-
ganic oxide.

[0066] In the case of the process (@), the fine metal wires
formed in step (I) become convex stripes of the substrate.
[0067] Process (B): a process comprising the following
steps (IN, (IT) and (IIT)

[0068] (I') A step of forming a substrate by preparing an
optically transparent substrate having a plurality of convex
base portions formed in parallel with one another at a prede-
termined pitch on its surface and vapor-depositing a metal or
metal compound selectively on the surface of the convex base
portions to form a plurality of fine metal wires arranged in
parallel with one another.

[0069] (II) A step of forming an inorganic oxide layer by
vapor-depositing an inorganic oxide on the side of the sub-
strate having the fine metal wires formed.

[0070] (III) A step of forming a fluorinated compound layer
by treating the surface of the inorganic oxide layer with a
fluorinated compound having a group reactive with the inor-
ganic oxide.

[0071] In the case of the process (j), the convex stripes of
the substrate are constituted by the convex base portions of
the optically transparent substrate and the fine metal wires
(convex upper portions).

[Process (a)]

(Step (1))

[0072] The fine metal wires are formed by forming a metal
layer on the surface of a flat optically transparent substrate
and pattering the metal layer.

[0073] The method for forming a metal layer may, for
example, be a vapor deposition method. The vapor deposition
method may, for example, be a PVD method or a CVD
method. From the viewpoint of the adhesion between the
optically transparent substrate and the fine metal wires and
the surface roughness of the fine metal wires, a PYD method
(such as a vacuum vapor deposition method, a sputteting
method or an ion plating method) is preferred, and from the
viewpoints of costs, a vacuum vapor deposition method is
particularly preferred.

[0074] The patterning is carried out by forming a resist
pattern on the surface of the metal layer, and carrying out
etching by using the resist pattern as a mask to remove an
excess metal layer, followed by removing the resist pattern.

(Step (ID))

[0075] The inorganic oxide layer is formed by vapor-de-
positing an inorganic oxide on the side of the substrate having
the fine metal wires formed.

[0076] Thevapor deposition method may be aPVD method
or a CVD method. From the viewpoint of the adhesion
between the optically transparent substrate and the fine metal
wires and the surface roughness, a PVD method (such as a
vacuum vapor deposition method, a sputtering method or an
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ion plating method) is preferred, and a sputtering method is
particularly preferred. For example, in the case of a sputtering
method, it is possible to control the thickness Ha and the
width Dat of the inorganic oxide layer to be formed, by
adjusting the sputtering treatment time. The width Dat also
depends on the width and height of convex stripes, the form of
the top of convex stripes, the pitch, etc. Therefore, it is pos-
sible to control the thickness Ha of the inorganic oxide layer
covering the top of convex stripes to be at least 30 nm and
preferably at most 150 nm and the ratio (Ha/Dat) to be at most
1.0 by suitably adjusting the sputtering treatment time, the
width and height of convex stripes, the form of the top of
convex stripes, the pitch, etc.

(Step (III))

[0077] The fluorinated compound layer is formed by treat-
ing the surface of the inorganic oxide layer with a fluorinated
compound having a group reactive with the inorganic oxide.

[0078] For example, in a case where the fluorinated com-
pound is a fluorinated compound having a hydrolysable silyl
group and a fluorcalkyl group, the treating method is prefer-
ably carried out via the following steps (i) to (iii), since it is
thereby possible to form a uniform and thin fluorinated com-
pound layer.

[0079] (i) A step of immersing the substrate having the fine
metal wires and the inorganic oxide layer formed thereon, in
a diluted solution of the fluorinated compound.

[0080] (ii) A step of withdrawing the substrate from the
diluted solution of the fluorinated compound, followed by
rinsing the substrate with a solvent.

[0081] (ii1) A step of forming a fluorinated compound layer
by placing the substrate after rinsing under a constant tem-
perature and constant humidity condition to hydrolyze the
hydrolysable silyl group for condensation.

[0082] The condensation degree of the fluorinated com-
pound layer and the inorganic oxide layer can be controlled,
for example, by adjusting the concentration of the diluted
solution to be used in step (1), the constant temperature and
constant humidity condition and the time.

[Process (p)]

(Step (I')

[0083] The method for preparing the optically transparent
substrate may, for example, be an imprinting method (such as
an optical imprinting method or a thermal imprinting method)
or alithography method. An imprinting method is preferred in
that convex base portions can be formed with good produc-
tivity and the optically transparent substrate can be made to
have a large area, and an optical imprinting method is par-
ticularly preferred in that convex base portions can be formed
with good productivity and grooves of the mold can precisely
be transferred.

[0084] The optical imprinting method is a method wherein
a mold having a plurality of grooves formed in parallel with
one another at a predetermined pitch, is prepared, for
example, by a combination of electron beam drawing and
etching, and the grooves of the mold are transferred to the
photocurable composition applied to the surface of an
optional substrate and at the same time, the photocurable
composition is photo-cured.
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[0085] Specifically, the preparation of the optically trans-
parent substrate by the optical imprinting method is prefer-
ably carried out via the following steps (i) to (iv).

[0086] (i) A step of applying a photocurable composition to
a surface of a base material.

[0087] (ii) A step of pressing a mold having a plurality of
grooves formed in parallel with one another at a predeter-
mined pitch, against the photocurable composition so that the
grooves are contacted with the photocurable composition.
[0088] (i) A step of applying radiation (such as ultraviolet
ray or electron ray) in such a state that the mold is pressed
against the photocurable composition to cure the photocur-
able composition thereby to prepare an optically transparent
substrate having a plurality of convex base portions corre-
sponding to the grooves of the mold.

[0089] (iv) A step of removing the mold from the optically
transparent substrate.

[0090] Further, one having a surface layer with convex base
portions and a base material integrated, may be used as the
optically transparent substrate, or one having a surface layer
with convex base portions separated from a base material,
may be used as the optically transparent substrate. Otherwise,
after forming a metal layer, a surface layer with convex base
portions, may be separated from the base material. Specifi-
cally, the preparation of the optically transparent substrate by
the thermal imprinting method is preferably carried out via
the following steps (i) to (iii).

[0091] (i) A step of forming a transfer layer of a thermo-
plastic resin on the surface of a base material, or a step of
preparing a transfer film of a thermoplastic resin.

[0092] (i) A step of pressing a mold having a plurality of
grooves formed in parallel with one another at a predeter-
mined pitch, against the transfer layer or the transfer film
heated to at least the melting point (Tm) or the glass transition
temperature (Tg) of the thermoplastic resin so that the
grooves are contacted with the transfer layer or the transfer
film, to prepare an optically transparent substrate having a
plurality of convex base portions corresponding to the
grooves of the mold.

[0093] (iii) A step of cooling the main body of the optically
transparent substrate to a temperature lower than Tg or Tm
and removing the mold from the optically transparent sub-
strate.

[0094] Further, one having a surface layer with convex base
portions and a base material integrated, may be used as the
optically transparent substrate, or one having a surface layer
with convex base portions separated from a base material,
may be used as the optically transparent substrate. Otherwise,
after forming a metal layer, a surface layer with convex base
portions, may be separated from the base material.

[0095] The material for the mold to be used for the imprint-
ing method may, for example, be silicon, nickel, quartz glass
oraresin. From the viewpoint of the transfer precision, quartz
glass or a resin is preferred. The resin may, for example, be a
fluorinated resin (such as an ethylene/tetrafluoroethylene
copolymer), a cyclic olefin, a silicone resin, an epoxy resin or
an acrylic resin. From the viewpoint of the precision of the
mold, a photocurable acrylic resin is preferred. The resin
mold preferably has an inorganic film having a thickness of
from 2 to 10 nm on the surface, from the viewpoint of the
durability against repeated transfer. The inorganic film is
preferably an oxide film of e.g. silicon oxide, titanium oxide
or aluminum oxide.
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[0096] The base material to be used for the imprinting
method, may, for example, be a glass sheet (such as a quartz
glass sheet or an alkali-free glass sheet) or a film made of a
resin (such as polyethylene terephthalate, polybutylene
terephthalate, polyethylene naphthalate, polydimethylsilox-
ane or a transparent fluororesin). In a case where a glass sheet
is used as the base material, the imprinting method may be
carried outby a sheet-fed printing system, and in a case where
a film is used as the base material, the imprinting method may
be carried out by a roll-to-roll system.

[0097] Thefine metal wires are formed by vapor-depositing
a metal or metal compound selectively on the surface of the
convex base portions of the optically transparent substrate.

[0098] Thevapor depositionmethod may be a PVD method
or a CVD method. A vacuum vapor deposition method, a
sputtering method or an ion plating method is preferred, and
a vacuum vapor deposition method is particularly preferred.
As the vapor deposition method, an oblique vapor deposition
method by a vacuum vapor deposition method is most pre-
ferred, since it is thereby possible to control the incident
direction of vaporized particles to the optically transparent
substrate and to vapor-deposit a metal or metal compound
selectively on the surface of convex stripes. (Steps (II) to (IIT))

[0099] Steps (II) to (II) may be carried out in the same
manner as steps (II) to (I11) in the process (a).

Embodiments of Wire-Grid Polarizer

[0100] Now, embodiments of the wire-grid polarizer of the
present invention will be described with reference to the
drawings. The following drawings are schematic views, and
real wire-grid polarizers are not theoretical and ideal shapes
as shown in the drawings. For example, in real wire-grid
polarizers, there are certain disorders in shapes of e.g. fine
metal wires, convex stripes, etc.

[0101] Further, in this invention, each size is a value
obtained by measuring each size with respect to optional five
positions in a transmission electron microscopic (TEM)
image of the cross section of a wire-grid polarizer and then
averaging it.

First Embodiment

[0102] FIG. 1 is a cross-sectional view illustrating a first
embodiment of the wire-grid polarizer of the present inven-
tion. The wire-grid polarizer 1 comprises a substrate compris-
ing a flat optically transparent substrate 10 and convex stripes
50 made of a plurality of fine metal wires 20 with an rectan-
gular cross-sectional shape formed in parallel with one
another at a predetermined pitch Pp ofat mosta wavelength of
visible light, on the surface of the optically transparent sub-
strate 10; an inorganic oxide layer 30 covering two side sur-
faces of each convex stripe 50 and a top 52 interposed ther-
ebetween, and a flat portion 13 of the substrate between
convex stripes 50, so that a void space is formed at a groove 14
between convex stripes 50; and a fluorinated compound layer
32 formed by treating the entire surface of the inorganic oxide
layer 30 with a fluorinated compound having a group reactive
to the inorganic oxide.

[0103] The following first to third embodiments show
examples wherein the inorganic oxide layer 30 covers two
side surfaces of each convex stripe 50 and a top 52 interposed
therebetween, and a flat portion 13 of the substrate between
convex stripes 50. but the inorganic oxide layer may cover
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only the top of convex stripes, and even in such a case,
excellent abrasion resistance and optical properties can
adequately be obtainable.

[0104] Pp is a sum of the width Dm of a convex stripe and
the width of a groove 14 to be formed between convex stripes
50. Pp is at most a wavelength of visible light, preferably from
30 to 300 nm, more preferably from 50 to 200 nm. When Pp
1s at most 300 nm, a high s-polarization reflectance is obtain-
able, and a high polarization degree is obtainable even in a
short wavelength region of about 400 nm. Further, a colora-
tion phenomenon by diffraction can be prevented. Further,
when Pp is at least 30 nm, a high transmittance is obtainable.
[0105] The ratio of Dm to Pp (i.e. Dm/Pp) is preferably
from 0.1 to 0.7, more preferably from 0.25 to 0.55. When
Dm/Pp is at least 0.1, a high polarization degree is obtainable.
By adjusting Dm/Pp to be at most 0.7, coloration of transmit-
ted light by interference can be prevented.

[0106] Dmis preferably from 10 to 100 nm, since fine metal
wires 20 can thereby easily be formed.

[0107] Theratio of the sum (Da+Df) of the thickness (in the
width direction of a convex stripe 50) Da of the inorganic
oxide layer 30 covering a side surface of a convex stripe 50
and the thickness (in the width direction of a convex stripe) Df
of the fluorinated compound layer 32 covering the inorganic
oxide layer 30, to the width of a groove (Pp-Dm) (i.e. (Da+
Df)/(Pp-Dm)) is preferably at most 0.4, more preferably
from 0.01 to 0.3. When (Da+Df)/(Pp-Dm) is at most 0.4, an
adequate void space is formed at the groove 14, and the
optical properties will be better.

[0108] The thickness (in the height direction of a convex
stripe) Ha of the inorganic oxide layer 30 covering the top 52
of each convex stripe 50 is at least 30 nm, as mentioned above.
Further, the ratio of the thickness Ha of the inorganic oxide
layer 30 covering the top 52 of each convex stripe 50 to the
width Dat of the inorganic oxide layer 30 (i.e. Ha/Dat) is at
most 1.0, as mentioned above.

[0109] The ratio of the thickness Da (in the width direction
of a convex stripe 50) of the inorganic oxide layer 30 covering
aside surface ofa convex stripe 50 to the above width Dat (i.e.
Da/Dat) is preferably at most 0.25, as mentioned above.
[0110] As mentioned above, when the entire height of a
convex stripe is represented by H' (=Hm), Da is the thickness
in the width direction of the inorganic oxide layer covering a
side surface, at a position corresponding to a half (H'/2) of the
height of the convex stripe. Here, in the illustrated embodi-
ment, Da is constant in the height direction, but it may not be
constant.

[0111] The height Hm of convex stripes 50 made of fine
metal wires 20 is preferably from 50 to 500 nm, more pref-
erably from 100 to 300 nm. When Hm is at least 50 nm, the
polarization separation function will be sufficiently high.
When Hm is at most 500 nm, wavelength dispersion will be
small. Further, when Hm is from 100 to 300 nm, fine metal
wires 20 can be easily formed.

[0112] The thickness (in the height direction of a convex
stripe 50) Hf of the fluorinated compound layer 32 covering
the inorganic oxide layer 30 covering the top of a convex
stripe 50, is preferably from 1 to 30 nm, more preferably from
1to 20 nm. When Hf is at least 1 nm, the abrasion resistance
will be sufficiently high. When Hf is at most 30 nm, it is easy
to form a uniform and thin fluorinated compound layer 32.
[0113] The thickness Hs of the optically transparent sub-
strate 10 is preferably from 0.5 to 1,000 pm, more preferably
from 1 to 200 um.
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(Process for Producing Wire-Grid Polarizer)

[0114] The wire-grid polarizer 1 can be produced by the
above-described process ().

Second Embodiment

(Wire-Grid Polarizer)

[0115] FIG. 2is a cross-sectional view illustrating a second
embodiment of the wire-grid polarizer of the present inven-
tion. The wire-grid polarizer 2 comprises a substrate having a
plurality of convex stripes 50 with an rectangular cross-sec-
tional shape formed on the surface of an optically transparent
substrate 10 in parallel with one another via a flat portion 13
of a groove 14 formed between the convex stripes 50 and at a
predetermined pitch Pp of at most a wavelength of visible
light; an inorganic oxide layer 30 covering two side surfaces
of each convex stripe 50 and a top 52 interposed therebe-
tween, and a flat portion 13 of the substrate between convex
stripes 50, so that a void space is formed at a groove 14
between convex stripes 50; and a fluorinated compound layer
32 formed by treating the entire surface of the inorganic oxide
layer 30 with a fluorinated compound having a group reactive
to the inorganic oxide.

[0116] In the wire-grid polarizer 2 of the second embodi-
ment, convex stripes 50 are ones each composed of a convex
base portion 12 of the optically transparent substrate 10 and a
fine metal wire 20 formed on the convex base portion 12 and
constituting a convex upper portion. Here, the convex base
portions 12 are integral with and made of the same material as
the optically transparent substrate 10.

[0117] Pp is a sum ofthe width Dp of a convex base portion
12 and the width of a groove 14 to be formed between convex
stripes 50. Pp is at most a wavelength of visible light, prefer-
ably from 30 to 300 nm, more preferably from 50 to 200 nm.
When Pp is at most 300 nm, a high s-polarization reflectance
is obtainable, and a high polarization degree is obtainable
even in a short wavelength region of about 400 nm. Further, a
coloration phenomenon by diffraction can be prevented. Fur-
ther, when Pp is at least 30 nm, a high transmittance is obtain-
able.

[0118] Theratio of Dp to Pp (i.e. Dp/Pp) is preferably from
0.1t0 0.7, more preferably from 0.25 to 0.55. When Dp/Pp is
at least 0.1, a high polarization degree is obtainable. By
adjusting Dp/Pp to be at most 0.7, coloration of transmitted
light by interference can be prevented.

[0119] Dp is preferably from 10 to 100 nm, since a metal
layer can thereby easily be formed by vapor deposition.

[0120] The width Dm of a fine metal wire 20 (metal layer)
is preferably from 10 to 100 nm, more preferably from 20 to
80 nm. When Dm is at least 10 nm, the polarization separation
function will be sufficiently high. When Dm is at most 100
nm, the transmittance will be sufficiently high.

[0121] Theratio of the sum (Da+Df) of the thickness (in the
width direction of a convex stripe 50) Da of the inorganic
oxide layer 30 covering a side surface of a convex stripe 50
and the thickness (in the width direction of a convex stripe 50)
Df of the fluorinated compound layer 32 covering the inor-
ganic oxide layer 30, to the width ofa groove 14 (Pp-Dp) (i.e.
(Da+Df)/(Pp-Dp)) is preferably at most 0.4, more preferably
from 0.01 to 0.3. When (Da+Df)/(Pp-Dp) is at most 0.4, an
adequate void space is formed at the groove 14, and the
optical properties will be better.
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[0122] The height Hp of the convex base portions 12 is
preferably from 50 to 500 nm, more preferably from 100 to
400 nm. When Hp is at least 50 nm, the polarization separa-
tion function will be sufficiently high. When Hp is at most 500
nm, wavelength dispersion of the transmittance can be
reduced. Further, when Hp is from 50 to 500 nm, a metal layer
can easily be formed by vapor deposition.

[0123] The height Hm of fine metal wires 20 (metal layer)
is preferably from 15 to 500 nm, more preferably from 15 to
300 nm. When Hm is at least 15 nm, the polarization separa-
tion function will be sufficiently high. When Hm is at most
500 nm, wavelength dispersion of the transmittance will be
small. Further, when Hm is from 15 to 300 nm, a metal layer
can be easily formed.

[0124] The thickness (in the height direction of a convex
stripe 50) Ha of the inorganic oxide layer 30 covering the top
52 of each convex stripe 50 is at least 30 nm, as mentioned
above. Further, the ratio of the thickness Ha of the inorganic
oxide layer 30 covering the top 52 of each convex stripe 50 to
the width Dat of the inorganic oxide layer 30 covering the top
52 of the convex stripe 50 (i.e. Ha/Dat) is at most 1.0, as
mentioned above.

[0125] The ratio of the thickness Da (in the width direction
ofaconvex stripe 50) of the inorganic oxide layer 30 covering
aside surface ofa convex stripe 50 to the above width Dat (i.e.
Da/Dat) is preferably at most 0.25, as mentioned above.
[0126] In this embodiment, the entire height of a convex
stripe is H=Hm+Hp, and Da is the thickness in the width
direction of the inorganic oxide layer covering a side surface,
at a position corresponding to a half (H'/2) of the height of the
convex stripe. Here, in the illustrated embodiment, Da is
constant in the height direction, but it may not be constant.
[0127] The thickness (in the height direction of a convex
stripe 50) Hf of the fluorinated compound layer 32 covering
the inorganic oxide layer 30 covering the top of a convex
stripe 50, is preferably from 1 to 30 nm, more preferably from
1 to 20 nm. When Hf is at least 1 nm, the abrasion resistance
will be sufficiently high. When Hf is at most 30 nm, it is easy
to form a uniform and thin fluorinated compound layer 32.
[0128] The thickness Hs of the optically transparent sub-
strate 10 is preferably from 0.5 to 1,000 um, more preferably
from 1 to 200 pm.

(Process for Producing Wire-Grid Polarizer)

[0129] The wire-grid polarizer 2 can be produced by the
above-described process (f). As shown in FIG. 3, fine metal
wires 20 can be formed by vapor-depositing a metal or metal
compound from a direction V2 which is substantially perpen-
dicular to the length direction of the convex base portions 12
and at an angle 6% of from 20 to 50° towards the second side
surface 18 to the height direction H of the convex base por-
tions 12, under such a condition that the deposition amount
will be from 15 to 100 nm.

[0130] The condition for the deposition amount being from
15 to 100 nm is such a condition that at the time of forming a
covering layer on the convex base portions, the thickness t of
a metal layer to be formed by vapor deposition of a metal or
metal compound on the surface of a flat portion where no
convex base portion is formed, will be from 15 to 100 nm.
[0131] The angle 6° may, for example, be adjusted by
means of the following vapor deposition apparatus.

[0132] A vapor deposition apparatus capable of changing
aninclination ofan optically transparent substrate 10 which is
disposed against a vapor deposition source so that the vapor
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deposition source is located on the extended line in a direction
V2 which is substantially perpendicular to the length direc-
tion I of the convex base portions 12 and at an angle 6%
towards the second side surface 18 to the height direction H of
the convex base portions 12.

Third Embodiment

(Wire-Grid Polarizer)

[0133] FIG. 4 is a perspective view illustrating a third
embodiment of the wire-grid polarizer of the present inven-
tion. The wire-grid polarizer 3 comprises a substrate having a
plurality of convex stripes 50 formed on the surface of an
optically transparent substrate 10 in parallel with one another
via a flat portion 13 of a groove 14 formed between the convex
stripes 50 and at a predetermined pitch Pp of at most a wave-
length of visible light; an inorganic oxide layer 30 covering
side surfaces and top 52 of each convex stripe 50, and a flat
portion 13 of the substrate between convex stripes 50, so that
a void space is formed at a groove 14 between convex stripes
50; and a fluorinated compound layer 32 formed by treating
the entire surface of the inorganic oxide layer 30 with a
fluorinated compound having a group reactive to the inor-
ganic oxide.

[0134] Inthewire-grid polarizer 3 of the third embodiment,
convex stripes 50 are ones each composed of a convex base
portion 12 of the optically transparent substrate 10 and a fine
metal wire 20 formed on the convex base portion 12 and
constituting a convex upper portion. The cross-sectional
shape of the convex stripe 50 is trapezoid, and the upper side
of the trapezoid is curved. The convex base portions 12 are
integral with and made of the same material as the optically
transparent substrate 10. A fine metal wire 20 is composed of
a first metal layer 22 covering whole of the first side surface
16 of a convex base portion 12 and a second metal layer 24
covering at least the top 19 of the convex base portion 12 and
the surface of the first metal layer 22 on the top 19 side than
a half of the height of the convex base portion 12.

[0135] Pp is a sum of the width Dpb at the bottom of a
convex base portion 12 and the width ofa flat portion 13 of a
groove 14 to be formed between convex stripes 50. Pp is at
most a wavelength of visible light, preferably from 30 to 300
nm, more preferably from 50 to 250 nm. When Pp is at most
300 nm, a high surface s-polarization reflectance is obtain-
able, and a high polarization degree is obtainable even in a
short wavelength region of about 400 nm. Further, when Pp is
at least 30 nm, a high transmittance is obtainable.

[0136] The ratio of Dpb to Pp (i.e. Dpb/Pp) is preferably
from 0.1 to 0.7, more preferably from 0.25 to 0.55. When
Dpb/Pp is at least 0.1, a high polarization degree is obtain-
able. By adjusting Dpb/Pp to be at most 0.7, coloration of
transmitted light by interference can be prevented. Dpb is
preferably from 10 to 100 nm, since each layer can thereby
easily be formed by vapor deposition.

[0137] The width Dpt of the top of a convex base portion 12
1s preferably at most a half of Dpb, more preferably at most 40
nm, further preferably at most 20 nm. When Dpt is at most a
half of Dpb, p-polarization transmittance will be higher, and
the angle dependency will be sufficiently low.

[0138] Themaximum value Dm1 in thickness (in the width
direction of a convex base portion 12) of a fine metal wire 20
from a half in the height of the convex base portion 12 to the
top 19 (i.e. in an upper half of the convex base portion) is
preferably at most 80 nm, more preferably from 20 to 75 nm,
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further preferably 35 to 55 nm, particularly preferably from
40 to 50 nm. When Dml1 is at least 20 nm, the surface s-po-
larization reflectance will be sufficiently high. When Dml1 is
at most 80 nm, p-polarization transmittance will be suffi-
ciently high.

[0139] The maximum value Dm?2 in thickness (in the width
direction of a convex base portion 12) of a fine metal wire 20
from a half in the height of the convex base portion 12 to the
bottom (i.e. in a lower half of the convex base portion) is
preferably from 4 to 25 nm, more preferably from 5 to 22 nm.
When Dm2 is at least 4 nm, the rear surface s-polarization
reflectance will be sufficiently low. When Dm?2 is at most 25
nm, p-polarization transmittance will be sufficiently high.
[0140] The ratio of Dml to the width (Pp-Dpb) (i.e. Dm1/
(Pp-Dpb) is preferably from 0.2 to 0.5. When Dm1/(Pp-
Dpb) is at least 0.2, s-polarization transmittance will be low,
whereby the polarization separation function will be suffi-
ciently high, and wavelength distribution will be small. When
Dm1/(Pp-Dpb) is at most 0.5, high p-polarization transmit-
tance will be obtained.

[0141] The ratio of Dm1 to Dm2 (i.e. Dm1/Dm2) is pref-
erably from 2.5 to 10, more preferably from 3 to 8. When
Dm1/Dm2 is at least 2.5, the polarization separation function
will be sufficiently high, and wavelength distribution will be
small. When Dm1/Dm?2 is at most 10, high p-polarization
transmittance will be obtained.

[0142] Theratio of the sum (Da+Df) of the thickness (in the
width direction of a convex stripe 50) Da of the inorganic
oxide layer 30 covering a side surface of a convex stripe 50
and the thickness (in the width direction of'a convex stripe 50)
Df of the fluorinated compound layer 32 covering the inor-
ganic oxide layer 30, to the width of a groove 14 (Pp-Dpb)
(i.e. (Da+D1)/(Pp-Dpb)) is preferably at most 0.4, more pref-
erably from 0.01 to 0.3. When (Da+Df)/(Pp-Dpb) is at most
0.4, an adequate void space is formed at the groove 14, and the
optical properties will be better.

[0143] The height Hp of the convex base portions 12 is
preferably from 120 to 1,000 nm. When Hp is at least 120 nm,
the polarization separation function will be sufficiently high.
When Hp is at most 1,000 nm, convex base portions 12 will be
easily formed. When Hp is at most 300 nm, wavelength
distribution will be small. Further, when Hp is from 120 to
300 nm, fine metal wires 20 can easily be formed by vapor
deposition.

[0144] With respect to the height Hm2 of each fine metal
wire 20 located on the lower side (on the optically transparent
substrate 10 side) from the top 19 of the convex base portion
12, Hm2/Hp is preferably from 0.8 to 1, more preferably from
0.9to 1. When Hm2/Hp is at most 1, the polarization separa-
tion function will be improved. When Hm2/Hp is at least 0.8,
rear surface s-polarization reflectance will be sufficiently low.
[0145] With respect to the height Hm1 of each fine metal
wire 20 located on the upper side (on the opposite side of the
optically transparent substrate 10) from the top 19 of the
convex base portion 12, Hm1/Hp is preferably from 0.05 to
0.7, more preferably from 0.1 to 0.5. When Hm1/Hp is at most
0.7, rear surface s-polarization reflectance will be sufficiently
low. When Hm1/Hp is at least 0.05, surface s-polarization
reflectance will be sufficiently high.

[0146] The thickness (in the height direction of a convex
stripe 50) Ha of the inorganic oxide layer 30 covering the top
52 of each convex stripe 50 is at least 30 nm, as mentioned
above. Further, the ratio of the thickness Ha of the inorganic
oxide layer 30 covering the top 52 of each convex stripe 50 to
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the width Dat of the inorganic oxide layer 30 (i.e. Ha/Dat) is
at most 1.0, as mentioned above.

[0147] The ratio of the thickness Da (in the width direction
of aconvex stripe 50) of the inorganic oxide layer 30 covering
aside surface ofa convex stripe 50 to the above width Dat (i.e.
Da/Dat) is preferably at most 0.25, as mentioned above.
[0148] In this embodiment, the entire height of a convex
stripe is H=Hm1+Hp, and Da is the thickness in the width
direction of the inorganic oxide layer covering a side surface,
at aposition corresponding to a half (H'/2) of the height of the
convex stripe. Here, in the illustrated embodiment, Da is
constant in the height direction, but it may not be constant.
[0149] The thickness (in the height direction of a convex
stripe 50) Hf of the fluorinated compound layer 32 covering
the inorganic oxide layer 30 covering the top 52 of a convex
stripe 50, is preferably from 1 to 30 nm, more preferably from
1to 20 nm. When Hf is at least 1 nm, the abrasion resistance
will be sufficiently high. When Hf is at most 30 nm, it is easy
to form a uniform and thin fluorinated compound layer 32.
[0150] The inclination angle 61 of the first side surface 16
and the inclination angle 62 of the second side surface are
preferably from 30 to 80°. 61 and 62 may be the same or
different.

[0151] The thickness Hs of the optically transparent sub-
strate 10 is preferably from 0.5 to 1,000 um, more preferably
from 1 to 200 um.

(Process for Producing Wire-Grid Polarizer)

[0152] The wire-grid polarizer 3 can be produced by the
above-described process (f).

[0153] As shown in FIG. 5, a first metal layer 22 can be
formed by carrying out a step (1R1) of vapor-depositing a
metal or metal compound from a direction V1 which is sub-
stantially perpendicular to the length direction of the convex
base portions 12 and inclined at an angle 8 (°) satisfying the
following formula (a) towards the first side surface 16 to the
height direction H of the convex base portions 12.

tan(6R'+10)=(Pp-Dpb/2)/Hp ()

[0154] The an angle 6% (°) in the formula (a) represents an
angle for vapor-depositing a metal or metal compound to the
bottom side surface of a convex base portion 12 withoutbeing
hindered by the adjacent convex base portion 12 and is deter-
mined by the distance (Pp-Dpb/2) from the surface of the
bottom of the convex base portion 12 to the center of the
bottom of the adjacent convex base portion 12, and the height
Hp of the top of the adjacent convex base portion 12. “+10”
represents a magnitude of fluctuation.

[0155] Theanangle 6%* (°) preferably satisfies tan (6%'£7)
=(Pp-Dpb/2)/Hp, more preferably satisfies tan (05! +5)=(Pp-
Dpb/2)/Hp.

[0156] The vapor deposition may be carried out preferably
under such a condition that the vapor deposition amount will
be from 4 to 25 nm, more preferably under such condition that
the vapor deposition amount will be from 5 to 22 nm. The
vapor deposition may be carried out by continuously chang-
ing the angle 67" (°) within a range to satisfy the formula (a)
under such a condition that the total vapor deposition amount
will be from 4 to 25 nm. In the case of continuously changing
the angle 6% (°), it is preferred to change the angle so as to
reduce the angle.

[0157] The condition for the deposition amount being from
4 to 25 nm is such a condition that at the time of forming a
covering layer on the convex base portions, the thickness t of
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a metal layer to be formed by vapor deposition of a metal or
metal compound on the surface of a flat portion where no
convex base portion is formed, will be from 4 to 25 nm.
[0158] After the step (1R1), as shown in FIG. 5, a second
metal layer 24 can be formed by carrying out a step (1R2) of
vapor-depositing a metal or metal compound from a direction
V1 which is substantially perpendicular to the length direc-
tion L of the convex base portions 12 and inclined at an angle
072 (°) satisfying the following formula (b) towards the first
side surface 16 to the height direction H of the convex base
portions 12.

871132072 <pRR! 430 (b)

[0159] The an angle 6%* (°) preferably satisfies (6%'+
6072071425, more preferably satisfies 6%'+10=0%><0%'+
20.

[0160] The vapor deposition may be carried out preferably
under such a condition that the vapor deposition amount will
be larger than that in the step (1R1) and the vapor deposition
amount will be from 25 to 70 nm, more preferably under such
condition that the vapor deposition amount will be from 30 to
60 nm. The vapor deposition may be carried out by continu-
ously changing the angle 6™ (°) within a range to satisfy the
formula (b) under such a condition that the total vapor depo-
sition amount will be from 25 to 70 nm. In the case of con-
tinuously changing the angle 6% (°), it is preferred to change
the angle so as to reduce the angle.

Other Embodiments

[0161] The wire-grid polarizer of the present invention is
not limited to the embodiments shown in the drawings, so
long as the thickness Ha of the inorganic oxide layer covering
the top of convex stripes is at least 30 nm and the ratio of the
thickness Ha to the width Dat (i.e. Ha/Dat) is at most 1.0.
[0162] For example, it may be one having a second inor-
ganic oxide layer (such as an aluminum oxide layer) between
the optically transparent substrate and the fine metal wires.
[0163] Further, the inorganic oxide layer may have a lami-
nated structure constituted by a plurality of inorganic oxide
layers of the same or different types.

<Antireflection Article>

[Substrate]

[0164] The substrate for the antireflection article of the
present invention is preferably made of an optically transpar-
ent substrate. On at least one surface of the substrate, protru-
sions (convex portions) are formed each in the form of a cone
such as a circular cone or a pyramid, or a frustum based on
such a cone, and at a predetermined pitch of at most a wave-
length of visible light, and the substrate has a so-called moth-
eye structure.

[0165] If the pitch exceeds 400 nm, reflectance in a short
wavelength region may increase, and therefore, the pitch is
preferably at most 400 nm, more preferably at most 300 nm.
[0166] The shape of each protrusion is preferably a cone.
Further, with respect to the height of protrusions, an aspect
ratio being a value obtained by dividing the height of a pro-
trusion by its bottom width, is preferably at most 2, in that the
protrusions thereby tend to be scarcely bent and the produc-
tivity will be excellent. If the aspect ratio per protrusion or the
height is too low, light in a short wavelength side (blue) may
be reflected. Therefore, the aspect ratio is preferably at least
0.8.
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[0167] Theoptically transparent substrate has optical trans-
parency to a wavelength in a range of from 400 to 800 nm. As
the material for the optically transparent substrate, such mate-
rials as exemplified for the wire-grid polarizer may be like-
wise used. The material for the optically transparent substrate
may, for example, be a photocured resin, a thermoplastic resin
or glass. A photocured resin or a thermoplastic resin is pre-
ferred in that protrusions can thereby be formed by an
imprinting method, and a photocured resin is particularly
preferred in that protrusions can thereby be formed by an
imprinting method and it is excellent in heat resistance and
durability. The photocured resin is preferably a photocured
resin obtainable by photocuring a photocurable composition
which is photocurable by photo-controlled radical polymer-
ization, from the viewpoint of the productivity.

[0168] Further, the optically transparent substrate may be a
laminate, and for example, it may be one comprising a base
material such as glass and a surface layer having protrusions
made of'a photocured resin, formed on the surface of the base
material.

[Inorganic Oxide Layer]

[0169] The inorganic oxide layer is a layer which covers at
least the top of each protrusion of the optically transparent
substrate. The inorganic oxide layer may cover at leasta part
of a side surface of a protrusion or a surface of the substrate
between protrusions (a flat portion between protrusions), but
even when it covers only the top of each protrusion, adequate
effects (abrasion resistance and optical properties) are obtain-
able. It is preferred that the inorganic oxide layer directly
covers the optically transparent substrate. As the material for
the inorganic oxide layer, such materials as exemplified for
the wire-grid polarizer may be likewise used. That is, silicon
oxide, zirconium oxide, tin oxide, titanium oxide or alumi-
num oxide may, for example, be mentioned. Silicon oxide,
zirconium oxide ot tin oxide is preferred in that an antireflec-
tion article thereby exhibits high transmittance in the visible
light region, and silicon oxide is particularly preferred from
the viewpoint of costs.

[0170] The thickness Ha (in the height direction of each
protrusion) of the inorganic oxide layer covering the top of
each protrusion is at least 30 nm. When this thickness is at
least 30 nm, the abrasion resistance of the protrusions is
excellent. Here, Ha is a difference between the height of the
top of a protrusion based on the flat portion between protru-
sions or the lowest portion between protrusions, and the
height of the top of the inorganic oxide layer likewise based
on the flat portion between protrusions or the lowest portion
between protrusions. Further, preferably, Ha is at most 150
nm. More preferably, Ha is at least 40 nm and at most 120 nm.

[0171] Further, theratio of the thickness Haofthe inorganic
oxide layer covering the top of each protrusion to the width
Dat of the inorganic oxide layer covering the top of each
protrusion (i.e. Ha/Dat) is at most 1.0. When the ratio (i.e.
Ha/Dat) is at most 1.0, the inorganic oxide layer covering the
top of the protrusions will not be damaged and will serve to
increase the abrasion resistance of the protrusions. Here,
adopted as the width Dat is a value of the diameter (in a
direction parallel with the main surface of the substrate) of the
inorganic oxide layer which is present above the top of a
protrusion and which covers the top. In a case where such a
diameter is not constant in the height direction of the inor-
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ganic oxide layer, and/or such a diameter is not constant in the
peripheral direction, the maximum value of the diameter is
adopted as Dat.

[0172] Further, as mentioned above with respect to the
wire-grid polarizer, each size is a value obtained by measur-
ing each size with respect to optional five positions in a
transmission electron microscopic (TEM) image and then
averaging it. Further, the inorganic oxide layer may cover, in
addition to the top of each protrusion, at least a part of a side
surface of the protrusion. The ratio of the thickness Da in the
width direction of the inorganic oxide layer covering the side
surface to the above width Dat (i.e. Da/Dat) is preferably at
most 0.25. When the ratio (Da/Dat) is at most 0.25, a void
space (a groove) can be sufficiently formed between protru-
sions, whereby it is possible to increase the abrasion resis-
tance of protrusions, while maintaining the optical properties
of the antireflection article to be good. Here, when the entire
height of a protrusion is represented by H', Da is a thickness
in a width direction of the inorganic oxide layer covering the
side surface at a position corresponding to a half of the height
(H'/2).

[0173] Actual measurement of Da is carried out as follows.
[0174] A plurality of vertical cross-sectional images pass-
ing through top portions of protrusions are selected from a
transmission electron microscopic (TEM) image of a cross-
section of an antireflection article. Whether or not such ver-
tical cross-sectional images are those passing through top
portions of protrusions, can be judged from the height of the
protrusions in the vertical cross-sectional images. At optional
five portions at the (H'/2) position in such selected vertical
cross-sectional images, the thicknesses of the inorganic oxide
layer are measured, and their average value is obtained.

[Fluorinated Compound Layer]

[0175] Thefluorinated compound layer is alayer formed by
treating the surface of the inorganic oxide layer with a fluori-
nated compound having a group reactive with the inorganic
oxide, and it covers the entire surface of the inorganic oxide
layer. The group reactive with the inorganic oxide, the pre-
ferred group, the fluorinated compound, the thickness of the
fluorinated compound layer, etc. are as exemplified with
respect to the wire-grid polarizer. For example, in a case
where the fluorinated compound is a fluorinated compound
having the after-described hydrolysable silyl group and fluo-
roalkyl group, the fluorinated compound layer is constituted
by a hydrolytic condensate of such a fluorinated compound.
[0176] The group reactive with the inorganic oxide may, for
example, be a silanol group or a hydrolysable silyl group.
From the viewpoint of the reactivity with the inorganic oxide,
a hydrolysable silyl group is particularly preferred. The
hydrolysable silyl group is a group having an alkoxy group,
an amino group, ahalogen atom, etc. bonded to a silicon atom
and a group capable of cross-linking by forming a siloxane
bond by hydrolysis. A trialkoxysilyl group, an alkyldialkox-
ysilyl group or the like is preferred.

[0177] The fluorinated compound is preferably a fluori-
nated compound having a hydrolysable silyl group and a
fluoroalkyl group (which may have an etheric oxygen atom
between carbon-carbon atoms) from the viewpoint of the
reactivity with the inorganic oxide and a low dynamic friction
coefficient.

[0178] Further, the dynamic friction coefficient of the flu-
orinated compound layer as measured in accordance with
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ASTM D 1894, is preferably at most 0.2, more preferably at
most 0.15, from the viewpoint of the abrasion resistance.
[0179] FIG. 7 is a cross-sectional view illustrating an
embodiment of the antireflection article of the present inven-
tion. The antireflection article 60 comprises a substrate hav-
ing a plurality of protrusions 62 each made of a cone and
having a triangular cross-sectional shape, formed on the sur-
face of an optically transparent substrate 10 at a predetet-
mined pitch of at most a wavelength of visible light; an
inorganic oxide layer 30 covering two side surfaces of each
protrusion 62, and the top 64 interposed between them, so that
avoid space is formed at a groove 66 between protrusions 62;
and a fluorinated compound layer 32 formed by treating the
entire surface of the inorganic oxide layer 30 with a fluori-
nated compound having a group reactive with the inorganic
oxide. FIG. 7 represents a cross-sectional view having the
antireflection article cut along a cross section passing through
top portions 64 of a plurality of protrusions 62.

[0180] In the antireflection article 60 of this embodiment,
protrusions 62 are integral with and made of the same mate-
rial as the optically transparent substrate 10.

[0181] Pp is a distance between the bottom surface centers
of the protrusions closest to each other. Pp is at most a wave-
length of visible light, preferably from 50 to 400 nm, more
preferably from 100 to 300 nm. When Pp is at most 400 nm,
low reflectance is obtainable in the entire wavelength region
of visible light. Further, when Pp is at least 50 nm, the pro-
ductivity will be excellent.

[0182] An aspect ratio being a value obtained by dividing
the height Hp of a protrusion by the base (equal to Pp in FIG.
7), is preferably at most 2. If the aspect ratio or height per one
protrusion is too low, light in a short wavelength side (blue)
may be reflected. Therefore, the aspect ratio is preferably at
least 0.8.

[0183] The thickness Ha (in the height direction of each
protrusion 62) of the inorganic oxide layer 30 covering the top
64 of each protrusion 62 is atleast 30 nm, as mentioned above.
Further, the ratio of the thickness Ha of the inorganic oxide
layer 30 covering the top 64 of each protrusion 62 to the width
Datofthe inorganic oxidelayer 30 covering the top 64 of each
protrusion 62 (i.e. Ha/Dat) is at most 1.0, as mentioned above.
[0184] The ratio of the thickness Da (in the width direction
of a protrusion 62) of the inorganic oxide layer 30 covering a
side surface of the protrusion 62 to the above width Dat (i.e.
Da/Dat) is preferably at most 0.25, as mentioned above.
[0185] As mentioned above, Da is a thickness in a width
direction of the inorganic oxide layer covering the side sur-
face at a position corresponding to a half (Hp/2) of the height
Hp of the protrusion 62.

[0186] The thickness Hf (in the height direction of a pro-
trusion 62) ofthe fluorinated compound layer 32 covering the
inorganic oxide layer 30 covering the top of the protrusion 62,
is preferably from 1 to 30 nm, more preferably from 1 to 20
nm. When Hf is at least 1 nm, the abrasion resistance will be
sufficiently high. When Hf is at most 30 nm, it is easy to form
a uniform and thin fluorinated compound layer 32.

[0187] The thickness Hs of the optically transparent sub-
strate 10 is preferably from 0.5 to 1,000 nm, more preferably
from 1 to 200 nm.

<Process for Producing Antireflection Article>

[0188] The method for preparing the optically transparent
substrate may, for example, be an imprinting method (such as
an optical imprinting method or a thermal imprinting method)
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or a lithography method, preferably an imprinting method in
that protrusions can thereby be formed with good productiv-
ity and the optically transparent substrate can be made to have
a large area, particularly preferably an optical imprinting
method in that protrusions can thereby be formed with better
productivity and grooves of the mold can be transferred with
good precision. As the mold, the base material, etc. to be used
for the imprinting method, those exemplified with respect to
the wire-grid polarizer may be likely used.

[0189] Formation of the inorganic oxide layer and the flu-
orinated compound layer may be carried out in the same
manner as in steps (11) to (I1I) in the process () for producing
a wire-grid polarizer.

<Advantageous Effects>

[0190] The fine structure form such as a wire-grid polarizer
or an antireflection article of the present invention, has an
inorganic oxide layer covering at least the top of each convex
portion, and the inorganic oxide layer covering the top of each
protrusion, has a thickness Ha of at least 30 nm and a ratio of
the above thickness Ha to the width Dat (i.e. Ha/Dat) being at
most 1.0. Further, on at least the surface of the inorganic oxide
layer, a fluorinated compound layer is formed which is
formed by treatment with a fluorinated compound having a
group reactive with the inorganic oxide and which suppresses
the surface dynamic frictional coefficient to be low. Thus, the
fine structure form of the present invention has excellent
abrasion resistance.

<Liquid Crystal Display Device>

[0191] The liquid crystal display device of the present
invention comprises the fine structure form of the present
invention.

[0192] The liquid crystal display device of the present
invention, for example, comprises a liquid crystal panel hav-
ing a liquid crystal layer interposed between a pair of sub-
strates, a backlight unit, and the wire-grid polarizer of the
present invention. Further, the liquid crystal display device of
the present invention, for example, has the antireflection
article of the present invention on the surface of the liquid
crystal panel.

[0193] The wire-grid polarizer of the present invention is
preferably interposed between the liquid crystal panel and the
backlight unit, and it may be integrated with a substrate on the
backlight unit side out of the pair of substrates of the liquid
crystal panel, or may be disposed on the liquid crystal layer
side of a substrate on the backlight unit side out of the pair of
substrates of the liquid crystal panel, i.e. inside of the liquid
crystal panel.

[0194] With a view to reducing the thickness, the liquid
crystal display device of the present invention having the
wire-grid polarizer, preferably has an absorption type polar-
izer on the surface of the liquid crystal panel on the side
opposite to the side on which the wire-grid polarizer of the
present invention is disposed.

[0195] FIG. 6 is a cross-sectional view illustrating an
example of the liquid crystal display device of the present
invention. The liquid crystal display device 40 comprises a
liquid crystal display panel 44 having a liquid crystal layer 43
interposed between a pair of substrates 41 and 42, a backlight
unit 45, the wire-grid polarizer 1 of the present invention
bonded to a surface of the liquid crystal panel so that the
surface on the side having fine metal wires formed will be the



US 2013/0342794 Al

backlight unit 45 side and the surface on the side having no
fine metal wires formed will be the viewing side. and an
absorption type polarizer 46 bonded to a surface of the liquid
crystal panel 44 on the side opposite to the backlight unit 45
side.

[0196] The liquid crystal display device of the present
invention having the wire-grid polarizer of the present inven-
tion as described above, has an adequate luminance and con-
trast, since it has the wire-grid polarizer of the present inven-
tion which has adequate abrasion resistance and optical
properties.

[0197] The liquid crystal display device of the present
invention having the antireflection article of the present
invention, has such an excellent property that the antireflec-
tion properties will last, since it has the antireflection article
of the present invention which has an adequate abrasion resis-
tance and antireflection properties, whereby it is less likely to
be scratched or to receive a fingerprint even by a physical
contact or a contact with e.g. a human hand during assem-
bling.

EXAMPLES

[0198] Now, the present invention will be described in fur-
ther detail with reference to Examples, but it should be under-
stood that the present invention is by no means limited to such
Examples.

[0199] Examples 2, 3, 5, 6, 8 and 9 are Examples of the
present invention, and Examples 1, 4, 7, 10 and 11 are Com-
parative Examples.

(Abrasion Resistance a)

[0200] A wire-grid polarizer was set on a reciprocating
abrasion tester (manufactured by KNT). The surface of the
wire-grid polarizer on the side having fine metal wires
formed, was rubbed 20 times, 50 times or 200 times with one
having a flannel cloth (No. 300) wet with ethanol wound on a
forward end of a columnar metal rod having a diameter of 10
mm under such conditions that the load was 50 g, 100 g or 500
gand the speed was 140 cm/min. With respect to the wire-grid
polarizer after the test, the total light transmittance was mea-
sured by a haze meter (HAZE-GARDII, manufactured by
Toyo Seiki Co., Ltd) under acommercially available polarizer
and crossed Nichol prism, and light leakage AT was obtained.

(Abrasion Resistance b)

[0201] An antireflection article was set on a reciprocating
abrasion tester (manufactured by KNT). The surface of the
antireflection article on the side having protrusions formed,
was rubbed 20 times or 50 times with one having a flannel
cloth (No. 300) wet with ethanol wound on a forward end of
a columnar metal rod having a diameter of 10 mm under such
conditions that the load was 500 g and the speed was 140
cm/min. With respect to the antireflection article before and
after the test, the haze values were measured by a haze meter
(HAZE-GARDII, manufactured by Toyo Seiki Co., Ltd), and
the difference (AHaze) was obtained.

(Dynamic Friction Coefficient)

[0202] A flat and smooth cured film having the same lami-
nated structure as the wire-grid polarizer and having no fine
structure was set on a surface property tester (HEIDON-14S,
manufactured by Shinto Scientific Co., Ltd). With respect to
the flat and smooth surface, an abrasion resistance test was
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carried out by using a flat indenter under such conditions that
the vertical load was 200 g and the sliding speed was 100
mm/min, and the dynamic friction coefficient was obtained in
accordance with ASTM D 1894.

(Preparation of Photo-Curable Resin Composition)

[0203] Into a 300 mL four-necked flask equipped with a
stirrer and a condenser, 60 g of monomer 1 (NK ester A-DPH,
manufactured by Shin-Nakamura Chemical Co., Ltd., dipen-
taerythritol hexaacrylate), 40 g of monomer 2 (NK ester
A-NPG, manufactured by Shin-Nakamura Chemical Co.,
Ltd., neopentyl glycol diacrylate) and 4.0 g of photo-poly-
merization initiator 1 (IRGACURE 907, Ciba Specialty
Chemicals) were put. In such a state that the interior of the
flask was kept at ordinary temperature and light-shielded, the
mixture was stirred for one hour and homogenized to obtain
aphoto-curable composition having a viscosity of 140 mPa-s.

Example 1

[0204] A wire-grid polarizer 2 as shown in FIG. 2 was
produced in the following procedure.

(Step (I)

[0205] The photo-curable resin composition was applied
by a spin coating method on the surface of a high transmission
polyethylene terephthalate (PET) film (COSMOSHINE
A4300, manufactured by Toyobo Co., Ltd., 100 mmx100
mmx100 pm in thickness), to form a coating film of the
photo-curable resin composition having a thickness of about
5 pm.

[0206] Then, by means of a rubber roll, the coating film-
attached PET film was pressed at 25° C. against a nanoim-
printing mold having a plurality of grooves formed on its
surface, so that the coating film of the photo-curable resin
composition would be in contact with the grooves of the
mold.

[0207] While maintaining such a state, light of a high pres-
sure mercury lamp (frequency: from 1.5kHz to 2.0kHz, main
wavelength lights: 255 nm, 315 nm and 365 nm, irradiation
energy at 365 nm: 1,000 mJ) was applied from the PET film
side, for 15 seconds to cure the photo-curable resin compo-
sition, and then, the nanoimprinting mold was slowly sepa-
rated to prepare a substrate (Pp: 140 nm, Dp: 70 nm and Hp:
160 nm) having a plurality of convex base portions 12 corre-
sponding to the grooves of the nanoimprinting mold, formed
on one surface of the optically transparent substrate 10.
[0208] On the convex base portions 12 of the substrate,
aluminum was vapor-deposited by an oblique angle vapor
deposition method to form fine metal wires 20 (Hm: 100 nm,
Dm: 70 nm).

(Step (I1))

[0209] On an in-line sputtering apparatus (Nisshin seiki
Co., Ltd.) equipped with a road lock mechanism, silicon
oxide was mounted as atarget. In the sputtering apparatus, the
substrate having fine metal wires 20 formed was set, and
silicon oxide was vapor-deposited from the direction perpen-
dicular to the surface of the fine metal wires 20 side, to form
an inorganic oxide layer 30 made of silicon oxide.

[0210] The sizes (average values at 5 portions) obtained
from the TEM image of the cross-section were Da: 6.0 nm,
Ha: 22.0 nm and Dat: 58.0 nn.
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(Step (IIT))

[0211] In a solution (concentration: 0.1 mass %) prepared
by diluting a fluorinated compound (Optool DSX, manufac-
tured by Daikin Industries, Ltd.) having a hydrolysable silyl
group and a fluoroalkyl group (having an etheric oxygen atom
between carbon-carbon atoms) with a fluorinated solvent
(CT-Sols. 100, manufactured by Asahi Glass Co., Ltd.,
chemical formula: C,F;OCH,), the substrate having the fine
metal wires 20 and the inorganic oxide layer 30 formed
thereon was immersed, then withdrawn and immediately
rinsed with a fluorinated solvent (CT-Solv. 100, manufac-
tured by Asahi Glass Co., Ltd, chemical formula:
C¢F,;OCH;). It was placed in a constant temperature and
constant humidity tank at 60° C. under a relative humidity of
90% for one hour to form a fluorinated compound layer 32
(Dfand Hf: 2 nm) on the surface of the inorganic oxide layer
30 thereby to obtain a wire-grid polarizer 2.

[0212] With respect to the obtained wire-grid polarizer 2,
evaluation of the abrasion resistance a was carried out. Fur-
ther, with respect to a flat and smooth cured film having the
same laminated structure, measurement of the dynamic fric-
tion coefficient was carried out. The results are shown in Table
L.

Examples 2, 3, 5 and 6

[0213] A wire-grid polarizer 2 was obtained in the same
manner as in Example 1 except that the sizes Pp, Dp and Hp
of the substrate prepared in step (I') were adjusted to the
values disclosed in Table 1, and the vapor deposition time
(sputtering time) in step (II) was changed to form the inor-
ganic oxide layer 30 having the sizes (Ha, Da and Dat) as
disclosed in Table 1.
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resistance I was carried out. Further, with respect to a flat and
smooth cured film having the same laminated structure, mea-
surement of the dynamic friction coefficient was carried out.
The results are shown in Table 1.

Example 7

[0217] A wire-grid polarizer was obtained in the same man-
ner as in Example 1 except that steps (II) and (III) were not
carried out.

[0218] With respect to the wire-grid polarizer having no
inorganic oxide layer 30 and no fluorinated compound layer
32, evaluation of the abrasion resistance a was carried out.
Further, with respect to a flat and smooth cured film having
the same laminated structure, measurement of the dynamic
friction coefficient was carried out. The results are shown in
Table 1.

Example §

[0219] A wire-grid polarizer 2 was obtained in the same
manner as in Example 3 except that the sizes Pp, Dp and Hp
of the substrate prepared in step (I') were adjusted to the
values disclosed in Table 1.

[0220] With respect to the obtained wire-grid polarizer 2,
evaluation of the abrasion resistance a was carried out. Fur-
ther, with respect to a flat and smooth cured film having the
same laminated structure, measurement of the dynamic fric-
tion coefficient was carried out. The results are shown in Table
1.

TABLE 1
Presence Dynamic
or friction
Convex absence of coefficient
base portion Inorganic oxide layer fluorinated AT % (flat and
Pp Dp Hp Ha Dat compound 500 g x 500 g x smooth
(nm) (nm) (um} (nm) (nm) (nm) Ha/Dat Da/Dat layer 50times 200times  surface)
Ex.1 140 70 160 220 6.0 580 0.38 0.10  Present 0.05 6.49 0.13
Ex.2 140 70 160 349 101 740 047 0.14 Present 0.02 1.88 0.13
Ex.3 140 70 195 488 142 894 (.55 0.16 Present 0.05 0.03 0.13
Ex.4 140 70 195 488 142 894 (.55 0.16  Absent 048 3.19 0.54
Ex.5 140 70 195 830 207 1141 0.73 0.18  Present 0.01 0.01 0.13
Ex.6 140 70 195 1145 12.7 1272 0.90 0.10  Present 0.14 0.33 0.13
Ex.7 140 70 195 0 0 0 0 0 Absent 6.8%! 11.2%2 0.54
Ex.8 120 60 400 605 5.6 107.0 0.57 0.05 Present 0.02 0.01 0.13

In Table, *! and *? represent the measured results under the following conditions

*"Measured at 50 g % 20 times
=Measured at 100 g % 20 times

[0214] With respect to the obtained wire-grid polarizer 2,
evaluation of the abrasion resistance a was carried out. Fur-
ther, with respect to a flat and smooth cured film having the
same laminated structure, measurement of the dynamic fric-
tion coefficient was carried out. The results are shown in Table
L.

Example 4

[0215] A wire-grid polarizer was obtained in the same man-
ner as in Example 3 except that step (11I) was not carried out.
[0216] With respect to the wire-grid polarizer having no
fluorinated compound layer 32, evaluation of the abrasion

[0221] As shown in Table 1, in Examples 2, 3, 5, 6 and 8
wherein the thickness of the inorganic oxide layer was at least
30 nm and the ratio (Ha/Dat) of the thickness Ha to the width
Dat was at most 1.0, light leakage AT was small and the
abrasion resistance was excellent even under a high load
condition of 500 gx200 times. Further, it was found that
particularly when the thickness Ha became at least 40 nm,
light leakage AT became to be abruptly suppressed.

[0222] Whereas, in Example 1 wherein the thickness Ha
was small, in Example 4 wherein no fluorinated compound
layer 32 was formed, or in Example 7 wherein no inorganic
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oxide layer 30 and no fluorinated compound layer were
formed, large light leakage AT was observed.

[0223] Further, particularly in Example 8, Hp was large as
compared with other Examples, and probably for this reason,
the inorganic oxide layer was not formed so much on the side
surface of convex stripes (protrusions), and the thickness (Da)
and the ratio (Da/Dat) were small. Nevertheless, light leakage
AT was very low, and the abrasion resistance was adequate.
From this, it is understood that so long as the inorganic oxide
layer covers at least the top of convex stripes (protrusions),
the thickness Ha is at least 30 nm and the ratio (Ha/Dat) of the
thickness Ha to the width Dat is at most 1.0, an adequate
abrasion resistance will be obtainable.

Example 9

[0224] An antireflection structure 60 as shown in FIG. 7
was produced in the following procedure.

[0225] A photo-curable resin composition was applied by a
spin coating method on the surface of a high transmission
polyethylene terephthalate (PET) film (COSMOSHINE
A4300, manufactured by Toyobo Co., Ltd., 100 mmx100
mmx100 um in thickness), to form a coating film of the
photo-curable resin composition having a thickness of about
5 pm.

[0226] Then, by means of a rubber roll, the coating film-
attached PET film was pressed at 25° C. against a nanoim-
printing mold having a plurality of grooves (cone shape)
formed on its surface so that the bottom of each cone had a

[0230] 1In a solution (concentration: 0.1 mass %) prepared
by diluting a fluorinated compound (Optool DSX, manufac-
tured by Daikin Industries, Ltd.) having a hydrolysable silyl
group and a fluoroalkyl group (having an etheric oxygen atom
between carbon-carbon atoms) with a fluorinated solvent
(CT-Sols. 100, manufactured by Asahi Glass Co., Ltd.,
chemical formula: C,F, ;OCH,), the substrate having the pro-
trusions and the inorganic oxide layer formed thereon was
immersed, then withdrawn and immediately rinsed with a
fluorinated solvent (CT-Sols. 100, manufactured by Asahi
Glass Co., Ltd., chemical formula: C,F,;OCH,). It was
placed in a constant temperature and constant humidity tank
at 60° C. under a relative humidity of 90% for one hour to
form a fluorinated compound layer 32 (Df and Hf: 2 nm) on
the surface of the inorganic oxide layer 30 thereby to obtain an
antireflection structure 60.

[0231] With respect to the obtained antireflection structure
60, evaluation of the abrasion resistance b was carried out.
The results are shown in Table 2.

Examples 10 and 11

[0232] An antireflection structure was obtained in the same
manner as in Example 9 except that the vapor deposition time
(sputtering time) was changed to form an inorganic oxide
layer having the sizes (Ha, Da and Dat) as disclosed in Table
2.

[0233] Withrespect to the obtained antireflection structure,
evaluation of the abrasion resistance b was carried out. The
results are shown in Table 2.

TABLE 2
Presence or
absence of
Protrusions Inorganic oxide layer fluorinated AHaze (%
Pp Hp Ha Da Dat compotnd 20 50
(nm) (nm) (nm) (nm) (nm) Ha/Dat DaDat layer times times
Ex.9 300 1889 100.0 333 2000 0.50 0.17  Present 0.39 092
Ex. 10 300 1889 222 111 778 0.29 0.14  Present 0.93 1.63
Ex. 11 300 1889 444 222 111.1 040 020 Absent 119 242
hexagonal fine structure, so that the coating film of the photo- [0234] As shown in Table 2, in Example 9 wherein the

curable resin composition would be in contact with the
grooves of the mold.

[0227] While maintaining such a state, light of a high pres-
sure mercury lamp (frequency: from 1.5kHzto 2.0kHz, main
wavelength lights: 255 nm, 315 nm and 365 nm, irradiation
energy at 365 nm: 1,000 mJ) was applied from the PET film
side, for 15 seconds to cure the photo-curable resin compo-
sition, and then, the nanoimprinting mold was slowly sepa-
rated to prepare a substrate having a plurality of protrusions
62 (pitch: 300 nm, height of protrusions: 188.9 nm) corre-
sponding to the grooves of the nanoimprinting mold, formed
on one surface of the optically transparent substrate 10.
[0228] On an in-line sputtering apparatus (Nisshin seiki
Co., Ltd.) equipped with a road lock mechanism, silicon
oxide was mounted as a target. In the sputtering apparatus, the
substrate having protrusions 62 formed was set, and silicon
oxide was vapor-deposited from the direction perpendicular
to the surface of the protrusions 62 side, to form an inorganic
oxide layer 30 made of silicon oxide.

[0229] The sizes (average values at 5 portions) obtained
from the TEM image of the cross-section were Da: 33.3 nm,
Ha: 100.0 nm and Dat: 200.0 nm.

thickness Ha of the inorganic oxide layer was at least 30 nm
and the ratio (Ha/Dat) of the thickness Ha to the width Dat
was at most 1.0, AHaze was as small as at most 1, and the
abrasion resistance was excellent.

[0235] Whereas in Example 10 wherein the thickness Ha
was thin, AHaze became larger than 1 at the number of abra-
sion times being 50 times. Further, in Example 11 wherein no
fluorinated compound layer was formed, AHaze became
larger than 1 at the number of abrasion times being 20 times
and 50 times.

INDUSTRIAL APPLICABILITY

[0236] The fine structure form of the present invention is
useful as e.g. a wire-grid polarizer or an antireflection article
for an image display device such as a liquid crystal display
device, a rear projection television or a front projector. Fur-
ther, the fine structure form of the present invention is useful
as a mold for nanoimprinting.

[0237] This application is a continuation of PCT Applica-
tion No. PCT/JP2012/054018, filed on Feb. 20, 2012, which
is based upon and claims the benefit of priority from Japanese
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Patent Application No. 2011-035641 filed on Feb. 22, 2011.
The contents of those applications are incorporated herein by
reference in its entirety.

REFERENCE SYMBOLS
[0238] 1: Wire-grid polarizer
[0239] 2: Wire-grid polarizer
[0240] 3: Wire-grid polarizer

[0241] 10: Optically transparent substrate
[0242] 20: Fine metal wires
[0243] 30: Inorganic oxide layer
[0244] 32: Fluorinated compound layer
[0245] 40: Liquid crystal display device
[0246] 44: Liquid crystal panel
[0247] 45: Backlight unit
[0248] 50: Convex stripes
[0249] 60: Antireflection article
[0250] 62: Protrusions
What is claimed is:
1. A fine structure form comprising
a substrate having convex portions formed at a pitch of at
most a visible light wavelength on at least one surface
thereof,
an inorganic oxide layer covering at least the top of the
convex portions, and
a fluorinated compound layer formed by treating at least
the surface of the inorganic oxide layer with a fluori-
nated compound having a group reactive with the inor-
ganic oxide,
wherein the inorganic oxide layer covering the top of the
convex portions has a thickness Ha of at least 30 nm and
aratio of the thickness Ha to the width Dat (i.e. Ha/Dat)
of at most 1.0.
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2. The fine structure form according to claim 1, wherein the
inorganic oxide layer covers at least a part of a side surface of
the convex portions, and the inorganic oxide layer covering
the side surface has a ratio of the thickness Da in the width
direction to the width Dat (i.e. Da/Dat) of at most 0.25.

3. The fine structure form according to claim 1, wherein the
fluorinated compound layer has a thickness Hf of from 1 to 30
nm.

4. The fine structure form according to claim 1, wherein the
fluorinated compound has a hydrolysable silyl group and a
fluoroalkyl group (which may have an etheric oxygen atom
between carbon-carbon atoms).

5. A wire-grid polarizer comprising the fine structure form
as defined in claim 1, wherein the convex portions are convex
stripes formed in parallel with one another, and on at least the
top of the convex stripes, a plurality of fine metal wires made
of a metal layer and separated from one another, are formed.

6. An antireflection article comprising the fine structure
form as defined in claim 1.

7. An antireflection article comprising the fine structure
form as defined in claim 1, wherein the substrate has a moth-
eye structure.

8. The antireflection article according to claim 7, wherein
the substrate is an optically transparent substrate.

9. A liquid crystal display device comprising the fine struc-
ture form as defined in claim 1.

10. A liquid crystal display device comprising

a liquid crystal panel having a liquid crystal layer inter-

posed between a pair of substrates,

a backlight unit, and

the wire-grid polarizer as defined in claim 5.

* ok %k
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