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(57) ABSTRACT

A method for producing a mold for a patterned alignment film
for three-dimensional display includes: forming a first layer
composed of a metal material or an inorganic material; form-
ing a fine linear three-dimensional structure in a surface of the
first layer in an approximately constant direction; forming a
second layer, composed of a metal material or an inorganic
material, on the surface of the first layer after the first three-
dimensional structure forming step; a second three-dimen-
sional structure forming step of forming a fine linear three-
dimensional structure in a surface of the second layer in an
approximately constant direction which differs by 90° from
that in the first three-dimensional structure forming step; a
resist forming step of forming a resist in a parallel stripe
pattern on the surface of the second layer after the second
three-dimensional structure forming step.
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PATTERNED RETARDATION FILM FOR
THREE-DIMENSIONAL DISPLAY AND
METHOD FOR PRODUCING MOLD FOR
PATTERNED ALIGNMENT FILM FOR
THREE-DIMENSIONAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a high-quality pat-
terned retardation film for three-dimensional display and to a
mold for a patterned alignment film for three-dimensional
display, which can produce a patterned alignment film for
three-dimensional display, capable of producing a high-qual-
ity patterned retardation film for three-dimensional display,
with ease and in large quantities.

BACKGROUND ART

[0002] Inthe field of flat panel display devices, in which 2D
display devices have been mainstream, display devices
capable of displaying three-dimensional images are attracting
attention these days, and some display devices are now com-
mercially available. Flat panel display devices in the future
will be naturally required to be capable of three-dimensional
display, and wide studies are being conducted on flat panel
display devices capable of three-dimensional display.
[0003] In order for a flat panel display device to display a
three-dimensional image, it is generally necessary to display
a right-eye image and a left-eye image separately to a viewer
in some way. A so-called passive method, for example, is
known as a method to separately display a right-eye image
and a left-eye image. Three-dimensional display by the pas-
sive method will now be described with reference to FIG. 29.
FIG. 29 is a schematic view illustrating three-dimensional
display device as performed by the passive method. As shown
in FIG. 29, the pixels of a flat panel display device are divided
pattern-wise into two groups, right-eye image display pixels
and left-eye image display pixels; the former group of pixels
is caused to display a right-eye image, while the latter group
of pixels is caused to display a left-eye image. The right-eye
image and the left-eye image are converted into circular
polarized lights by using a linearly polarizing plate and a
patterned retardation film having a retardation layer formed in
a pattern corresponding to the pattern in which the pixels are
divided. The viewer wears circular polarization glasses,
respectively adapted for the right eye and the left eye, so that
the right-eye image reaches only the right eye and the left-eye
image reaches only the left eye. The passive method can thus
display a three-dimensional image to the viewer.

[0004] The passive method has the advantage that the use of
the above-described patterned retardation film and circular
polarization glasses can easily display three-dimensional
images.

[0005] JP2010-152296A discloses a method for producing
a patterned retardation film by bringing an alignment film-
forming layer into contact with a roll mold having a three-
dimensional surface pattern which has been formed with a
laser, thereby producing a shaped patterned alignment film
having a pattern of a fine three-dimensional structure in the
surface. JP 2010-152296 A also describes a method for form-
ing a pattern of a fine three-dimensional structure by polish-
ing in the same plane.

[0006] However, such a patterned retardation film, pro-
duced by using a mold having a three-dimensional surface
pattern which has been formed with a laser, has the following
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problem: defective alignment, i.e. disorder in the alignment
direction of a liquid crystal compound, is likely to occur
around the boundary between adjacent right-eye and left-eye
regions in the patterned retardation layer, i.e. around the
boundary between adjacent regions with different alignment
directions of the liquid crystal compound, i.e. around the
boundary between a first retardation region and a second
retardation region. Thus, defective alignment may occur in
the liquid crystal around the above-described boundary when
the film is used in a liquid crystal display device. The defec-
tive alignment causes leakage of light from the boundary area,
resulting in low-contrast images. When producing a fine
three-dimensional structure with a laser, the fine three-dimen-
sional structure is produced in a one-by-one manner. It there-
fore takes a considerable time to form the fine three-dimen-
sional structure, having a size on the order of tens of nm or
hundreds of nm, over a large area (e.g. of the size of an LCD
TV). Further, the production of the fine three-dimensional
structure requires the use of an apparatus for precisely con-
trolling machining of the structure with the pitch of the asperi-
ties, which is on the order of tens of nm or hundreds of nm.
[0007] The lower limit of line width in machining of fine
three-dimensional structures with a laser is generally at the
level of hundreds of nm; machining with the line width at the
level of tens of nm is difficult. Thus, it is generally difficult to
produce a patterned alignment film having an excellent align-
ment regulating ability. In addition, there is the problem of the
expensiveness of a laser machining apparatus.

[0008] JP 2010-152296A describes the producing of a
mold by the use of a polishing method. When forming a
three-dimensional pattern on the same plane by the polishing
method of JP 2010-152296A to produce a roll mold, it is
necessary to carry out polishing for each of patterning
regions, each having a size of hundreds of nm, and to combine
the patterned regions where fine three-dimensional structures
have been formed. The method disclosed in the reference thus
involves a complicated process which necessitates a consid-
erable amount of time for machining and a high-accuracy
operation.

DISCLOSURE OF THE INVENTION

[0009] The present invention has been made in view of the
above situation. It is therefore a main object of the present
invention to provide a patterned retardation film for three-
dimensional display, and to provide a method for producing a
mold for a patterned alignment film for three-dimensional
display, which can produce a patterned alignment film for
three-dimensional display (hereinafter sometimes referred to
simply as “alignment film”), capable of producing a high-
quality patterned retardation film for three-dimensional dis-
play, with ease and in large quantities.

[0010] In a first aspect of a first invention,

[0011] amethod forproducing a mold for a patterned align-
ment film for three-dimensional display, comprises:

[0012] a first layer forming step of forming a first layer
composed of a metal material or an inorganic material;
[0013] a first three-dimensional structure forming step of
forming a fine linear three-dimensional structure in a surface
of' the first layer in an approximately constant direction;
[0014] a second layer forming step of forming a second
layer, composed of a metal material or an inorganic material,
on the surface of the first layer after the first three-dimen-
sional structure forming step;
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[0015] a second three-dimensional structure forming step
of forming a fine linear three-dimensional structure in a sur-
face of the second layer in an approximately constant direc-
tion which is different from that in the first three-dimensional
structure forming step;

[0016] a resist forming step of forming a resist in a parallel
stripe pattern on the surface of the second layer after the
second three-dimensional structure forming step;

[0017] asecond layer removing step of removing an part of
the second layer that remains exposed after the resist forming
step; and a resist removing step of removing the resist.

[0018] The mold production method in the first aspect of
the first invention includes the first and second three-dimen-
sional structure forming steps to form fine linear three-dimen-
sional structures in the entire surfaces of the first layer and the
second layer, and the later second layer removing step to etch
away only the second layer. Such a process can easily form
the fine linear three-dimensional structures and, when form-
ing the fine linear three-dimensional structures in the surface
of'the second layer, can prevent damage to the surface of the
first layer having the fine linear three-dimensional structure
formed in a different direction from that of the second-layer
three-dimensional structure. A resist is formed in a parallel
stripe pattern on the surface of the second layer in the resist
forming step, and only the exposed portions of the second
layer are selectively removed in the second layer removing
step. Such steps can effectively distinguish the boundaries
between the first layer, having the first-layer fine linear three-
dimensional structure, and the second layer having the sec-
ond-layer fine linear three-dimensional structure which are
formed in a direction different from that of the first-layer
three-dimensional structure. The mold for a patterned align-
ment film for three-dimensional display, produced by the
above method, thus differs in the level between the surface of
the first layer and the surface of the second layer and also
differs in the longitudinal direction of the fine linear three-
dimensional structure between the surface of the first layer
and the surface of the second layer. The use of the mold can
therefore produce a high-quality alignment film which has
distinguished boundaries between first alignment region and
second alignment region and which can produce a patterned
retardation film that exhibits a retardation value correspond-
ing to the difference in the direction between the first-layer
fine linear three-dimensional structure and the second-layer
fine linear three-dimensional structure.

[0019]

[0020] amethod for producing a mold for a patterned align-
ment film for three-dimensional display, comprises:

[0021] a first layer forming step of forming a first layer
composed of a metal material or an inorganic material;

[0022] a first three-dimensional structure forming step of
forming a fine linear three-dimensional structure in a surface
of the first layer in an approximately constant direction;

[0023] a second layer forming step of forming a second
layer, composed of a metal material or an inorganic material,
on the surface of the first layer after the first three-dimen-
sional structure forming step;

[0024] a second three-dimensional structure forming step
of forming a fine linear three-dimensional structure in a sur-
face of the second layer in an approximately constant direc-
tion which is the same as that in the first three-dimensional
structure forming step;

In a second aspect of the first invention,

Mar. 27, 2014

[0025] aresist forming step of forming a resist in a parallel
stripe pattern on the surface of the second layer after the
second three-dimensional structure forming step;

[0026] asecond layer removing step of removing an part of
the second layer that remains exposed after the resist forming
step; and

[0027] aresist removing step of removing off the resist.
[0028] Themold production method in the second aspect of
the first invention includes the first and second three-dimen-
sional structure forming steps to form fine linear three-dimen-
sional structures in the entire surfaces of the first layer and the
second layer, and the later second layer removing step to etch
away only the second layer. Such a process can easily form
the fine linear three-dimensional structures and, when form-
ing the fine linear three-dimensional structures in the surface
of'the second layer, can prevent damage to the surface of the
first layer. The use of such a mold for a patterned alignment
film for three-dimensional display can produce a high-quality
alignment film which has distinguished boundaries between
first alignment region and second alignment region and which
can produce a patterned retardation film that exhibits a retar-
dation value corresponding to the level difference between
the first layer and the second layer.

[0029] Inthe first invention, the mold for a patterned align-
ment film for three-dimensional display is preferably a roll
mold having a roll-like shape. When the mold for a patterned
alignment film for three-dimensional display of the present
invention has a roll-like shape, or is a roll mold, shaping of an
alignment film-forming layer with the mold can be performed
in a continuous manner while rotating the roll mold. The use
of a roll mold can thus produce a patterned alignment film
with ease, in large quantities and with high efficiency.
[0030] Itis preferred inthe first invention that at least one of
the first three-dimensional structure forming step and the
second three-dimensional structure forming step be per-
formed by roll pressing. By forming fine linear three-dimen-
sional structures by roll pressing, the three-dimensional
structure forming step can be performed with ease. Further-
more, roll pressing enables constant position/constant pres-
sure pressing, making it possible to equalize the thickness of
the machined first layer and/or the second layer and to pro-
duce the mold in an intermittent/continuous manner.

[0031] In the second invention, a method for producing a
mold for a patterned alignment film for three-dimensional
display, comprises:

[0032] afirstlayer preparation step of preparing a first layer
composed of a metal material or an inorganic material;
[0033] a first three-dimensional structure forming step of
forming a first fine linear three-dimensional structure in a
surface of the first layer in an approximately constant direc-
tion;

[0034] aresist forming step of forming a resist in a parallel
stripe pattern on the surface of the first layer after the first
three-dimensional structure forming step;

[0035] a second layer forming step of forming a second
layer, composed of a metal material or an inorganic material,
in a parallel stripe pattern on the surface of the first layer that
remains exposed after the resist forming step;

[0036] a protective layer forming step of forming a protec-
tive layer, composed of a resist material, on the surface of the
first layer;

[0037] a second three-dimensional structure forming step
of forming a second fine linear three-dimensional structure in
a surface of the second layer in an approximately constant
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direction which is different from or the same as the direction
in which the first three-dimensional structure is formed; and
[0038] aremoving step of removing the protective layer.
[0039] According to the second invention, the protective
layer is formed in the protective layer forming step in those
areas where the second layer is not formed, i.e. in those areas
where the first layer is exposed. The protective layer can
protect the first three-dimensional structure and enables effi-
cient formation of the second three-dimensional structure in
the second layer. It therefore becomes possible to form the
fine linear three-dimensional structures in the surfaces of the
first and second layers easily and with high accuracy. The use
of the thus-produced mold for a patterned alignment film for
three-dimensional display can produce a high-quality pat-
terned retardation film for three-dimensional display which,
when used in a three-dimensional display device, is unlikely
to cause poor alignment.

[0040] Preferably, in the second invention, the second layer
is formed on an exposed part of the first layer and on the resist
in the second layer forming step and, in the protective layer
forming step, the protective layer is formed by roughly pol-
ishing a laminate of the resist and a part of the second layer
overlying the resist. Thus, the resist, which is used to form the
patterned second layer, can be used also as the protective
layer. This makes it possible to reduce the production cost and
simplify the production process.

[0041] In another preferable method in the second inven-
tion, the second layer is formed on an exposed part of the first
layer and on the resist in the second layer forming step and, in
the protective layer forming step, a laminate of the resist and
apart of the second layer overlying the resist is removed, and
subsequently a second resist is formed such that it covers the
first layer and the second layer, followed by rough polishing
of the second resist to form the protective layer. Because the
protective layer is formed by removing the laminate, forming
the second resist and roughly polishing the second resist, no
metal material or inorganic material is contained in polishing
debris. This method can therefore reduce scratches on the
surface of the second layer due to contact of polishing debris
with the surface of the second layer. It therefore becomes
possible to form the second three-dimensional structures with
higher accuracy in the surface of the second layer. Accord-
ingly, the use of the mold, produced by the method of this
embodiment, can produce a patterned alignment film for
three-dimensional display which is less likely to cause poor
alignment.

[0042] In the second invention, the mold for a patterned
alignment film for three-dimensional display is preferably a
roll mold having a roll-like shape. When the mold for a
patterned alignment film for three-dimensional display, pro-
duced by the mold production method of the present inven-
tion, has a roll-like shape, or is a roll mold, shaping of an
alignment film-forming layer with the mold can be performed
in a continuous manner while rotating the roll mold. The use
of a roll mold can thus produce a patterned alignment film
with ease, in large quantities and with high efficiency.
[0043] It is preferred in the second invention that at least
one of the first three-dimensional structure forming step and
the second three-dimensional structure forming step be per-
formed by roll pressing. By forming fine linear three-dimen-
sional structures by roll pressing, the first three-dimensional
structure forming step and/or the second three-dimensional
structure forming step can be performed with ease. Further-
more, roll pressing enables constant position/constant pres-
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sure pressing, making it possible to equalize the thickness of
the machined first layer and/or the second layer and to pro-
duce the mold in an intermittent/continuous manner.

[0044] In a first aspect of a third invention, a method for
producing a mold for a patterned alignment film for three-
dimensional display, comprises:

[0045] a first layer forming step of forming a first layer
composed of a metal;

[0046] a first three-dimensional structure forming step of
forming a fine linear three-dimensional structure in a surface
of' the first layer in an approximately constant direction;

[0047] aresist forming step of forming a resist in a parallel
stripe pattern on the surface of the first layer after the first
three-dimensional structure forming step;

[0048] a second layer forming step of forming a second
layer, composed of an inorganic material, by performing dry
plating of a surface of the resist and an exposed surface of the
first layer after the resist forming step;

[0049]

[0050] a protective layer forming step of forming a protec-
tive layer by performing wet plating of an exposed part of the
first layer after the removing step;

[0051] a second three-dimensional structure forming step
of forming a fine linear three-dimensional structure in a sur-
face of the second layer in an approximately constant direc-
tion which is different from that in the first three-dimensional
structure forming step; and

[0052]

[0053] According to the first aspect of the third invention,
the protective layer is formed in the protective layer forming
step in those areas where the second layer is not formed, i.e.
in those areas where the first layer is exposed. The protective
layer can protect the fine linear three-dimensional structure
formed in the surface of the first layer and enables efficient
formation of the second three-dimensional structure in the
second layer. It therefore becomes possible to form the fine
linear three-dimensional structures in the surfaces of the first
and second layers easily and with high accuracy. The protec-
tive layer is formed by wet plating. The protective layer can
therefore be formed selectively only on the surface of the first
layer composed of a metal and, in addition, the thickness of
the protective layer can be easily adjusted. Thus, the protec-
tive layer can be made thinner than the second layer. This
makes it possible to prevent the protective layer from imped-
ing machining of the fine linear three-dimensional structure
in the surface of the second layer in the second layer forming
step while protecting the fine linear three-dimensional struc-
ture of the surface of the first layer during the second layer
forming step. The mold for a patterned alignment film for
three-dimensional display, produced by the above method,
thus differs in the level between the surface of the first layer
and the surface of the second layer and also differs in the
longitudinal direction of the fine linear three-dimensional
structures between the surface of the first layer and the surface
of'the second layer. The use of the mold can therefore produce
a high-quality alignment film which has distinguished bound-
aries between first alignment region and second alignment
region and which can produce a patterned retardation film that
exhibits a retardation value corresponding to the difference in
the direction between the first-layer fine linear three-dimen-
sional structure and the second-layer fine linear three-dimen-
sional structure.

a removing step of removing the resist;

a removing step of removing the protective layer.
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[0054] In a second aspect of the third invention, a method
for producing a mold for a patterned alignment film for three-
dimensional display, comprises:

[0055] a first layer forming step of forming a first layer
composed of a metal;

[0056] a first three-dimensional structure forming step of
forming a fine linear three-dimensional structure in a surface
of the first layer in an approximately constant direction;
[0057] aresist forming step of forming a resist in a parallel
stripe pattern on the surface of the first layer after the first
three-dimensional structure forming step;

[0058] a second layer forming step of forming a second
layer, composed of an inorganic material, by performing dry
plating of a surface of the resist and an exposed surface of the
first layer after the resist forming step;

[0059] aremoving step of removing the resist;

[0060] a protective layer forming step of forming a protec-
tive layer by performing wet plating of an exposed part of the
first layer after the removing step;

[0061] a second three-dimensional structure forming step
of forming a fine linear three-dimensional structure in a sur-
face of the second layer in an approximately constant direc-
tion which is the same as that in the first three-dimensional
structure forming step; and

[0062] aremoving step of removing the protective layer.
[0063] According to the second aspect of the third inven-
tion, the protective layer is formed in the protective layer
forming step in those areas where the second layer is not
formed, i.e. inthose areas where the first layer is exposed. The
protective layer can protect the fine linear three-dimensional
structure formed in the surface of the first layer and enables
efficient formation of the second three-dimensional structure
in the second layer. It therefore becomes possible to form the
fine linear three-dimensional structures in the surfaces of the
first and second layers easily and with high accuracy. The
protective layer is formed by wet plating. The protective layer
can therefore be formed selectively only on the surface of the
first layer composed of a metal and, in addition, the thickness
of the protective layer can be easily adjusted. Thus, the pro-
tective layer can be made thinner than the second layer. This
makes it possible to prevent the protective layer from imped-
ing machining of the fine linear three-dimensional structure
in the surface of the second layer in the second layer forming
step while protecting the fine linear three-dimensional struc-
ture of the surface of the first layer during the second layer
forming step. The mold for a patterned alignment film for
three-dimensional display, produced by the above method,
thus differs in the level between the surface of the first layer
and the surface of the second layer (i.e. in the thickness of the
mold between the portions with the second layer and the
portions without the second layer), where the fine linear
three-dimensional structures are formed. The use of the mold
can therefore produce a high-quality alignment film which
has distinguished boundaries between first alignment region
and second alignment region and which can produce a pat-
terned retardation film that exhibits a retardation value corre-
sponding to the difference in the level difference between the
first layer and the second layer.

[0064] Inthethird invention, the mold for a patterned align-
ment film for three-dimensional display is preferably a roll
mold having a roll-like shape. When the mold for a patterned
alignment film for three-dimensional display of the present
invention has a roll-like shape, or is a roll mold, shaping of an
alignment film-forming layer with the mold can be performed
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in a continuous manner while rotating the roll mold. The use
of a roll mold can thus produce a patterned alignment film
with ease, in large quantities and with high efficiency.
[0065] It is preferred in the third invention that at least one
of the first three-dimensional structure forming step and the
second three-dimensional structure forming step be per-
formed by roll pressing. By forming fine linear three-dimen-
sional structures by roll pressing, the three-dimensional
structure forming step can be performed with ease. Further-
more, roll pressing enables constant position/constant pres-
sure pressing, making it possible to equalize the thickness of
the machined first layer and/or the second layer and to pro-
duce the mold in an intermittent/continuous manner.

[0066] Inafourthinvention, amethod for producing a mold
for a patterned alignment film for three-dimensional display,
having an alternating stripe pattern of a first three-dimen-
sional structure region where a fine linear three-dimensional
structure is formed in an approximately constant direction
and a second three-dimensional structure region where a fine
linear three-dimensional structure is formed in an approxi-
mately constant direction different from that of the first three-
dimensional structures, comprises:

[0067] a first polishing step of forming the first three-di-
mensional structure region in a surface of a first layer com-
posed of an inorganic material;

[0068] a second layer forming step of forming a resist por-
tions in a stripe pattern on the surface of the first layer, and
then forming a second-layer film, composed of an inorganic
material, on the surfaces of the resist portions and the non-
resist portions, thereby forming a patterned second layer on
the non-resist portions;

[0069] asecond polishing step of forming the second three-
dimensional structure region by polishing a surface of the
second-layer film in a direction different from that in the first
polishing step; and

[0070] a resist removing step of removing the resist por-
tions and the second-layer film on the resist portions.

[0071] The mold production method of the fourth invention
involves only one exposure/developing operation and no
etching process, and can form a stripe pattern of the first
three-dimensional structure region and a stripe pattern of the
second three-dimensional structure region, arranged alter-
nately on the same plane, in a small number of process steps.
The three-dimensional structure forming steps may be per-
formed by a common method which, as compared to a
machining method using a pulsed laser or a cutting tool, can
form the three-dimensional structure region with high accu-
racy.

[0072] In the fourth invention, the second-layer film is
formed not only on the non-resist portion but on the resist
portion as well, i.e. on the entire surface of the workpiece.
Nevertheless, in the later resist removing step, a removing
solution will penetrate into the patterned resist from the side,
and the resist can be easily removed.

[0073] When polishing or rubbing the second-layer film
after the step of polishing or rubbing the first layer, the first
layer will not be polished or rubbed; no additional scratches
(structures) will be formed (no crossing polishing scratches
will be formed).

[0074] In the fourth invention, the thickness of the pat-
terned second layer is preferably not less than 0.01 um and not
more than 1 um. If the thickness exceeds 1 um, a pattered
alignment film having poor alignment properties and poor
appearance will be produced. The use of the patterned second
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layer having such a preferable thickness can achieve a suffi-
cient masking effect on the first three-dimensional structure
region. In addition, the use of such a thin patterned second
layer makes no substantial change in the amount of phase
difference (retardation), leading to high optical precision.
[0075] In the fourth invention, the thickness of the resist
portions is preferably not less than 1 um and not more than 10
um, more preferably not less than 3 pum and not more than 5
um. If the resist portions are too thin, a solvent will not
penetrate well into the resist when dissolving and removing
the resist, and therefore the resist may not be removed easily.
Ifthe resist portions are too thick, on the other hand, the large
surface level difference will make it difficult to polish (rub)
the surface of the second layer in the second polishing step.
The use of the resist having such a thickness can maintain the
protective function of the resist and, at the same time, avoid
the large level difference upon the second polishing step,
making it possible to securely perform polishing of the pat-
terned second layer.

[0076] Inthe fourth invention, the first layer and the second
layer are preferably composed of the same inorganic material.
However, the layers may be composed of different types of
inorganic materials if good adhesion between the layers is
ensured. The use of the same inorganic material can increase
the adhesion between the first layer and second layer, thereby
preventing delamination of the layers during the polishing
step or the resist removing step.

[0077] In a first aspect of a fifth invention, a method for
producing a mold for a patterned alignment film for three-
dimensional display, comprises:

[0078] an underlayer preparation step of preparing an
underlayer composed of a metal material;

[0079] aresist forming step of forming a resist in a parallel
stripe pattern on a surface of the underlayer;

[0080] a first layer forming step of forming a first layer-
forming layer, composed of an inorganic material having
insulating properties, by performing dry plating of the sur-
faces of the underlayer and the resist, and then removing a
laminate of the resist and a part of the first layer-forming layer
overlying the resist, thereby forming a first layer in a parallel
stripe pattern;

[0081] a first three-dimensional structure forming step of
forming a first fine linear three-dimensional structure in a
surface of the first layer in an approximately constant direc-
tion;

[0082] a second layer forming step of forming a second
layer, composed of a metal material and having a thickness
which is equal to or larger than a thickness of the first layer, by
performing wet plating of only an exposed surface of the
underlayer after the first three-dimensional structure forming
step; and

[0083] a second three-dimensional structure forming step
of forming a second fine linear three-dimensional structure in
a surface of the second layer in an approximately constant
direction different from the direction in which the first three-
dimensional structure is formed.

[0084] According to the first aspect of the fifth invention,
the second layer is formed in the second layer forming step in
such a manner that the second layer has a larger thickness than
the first layer having the first three-dimensional structure
formed in the surface. Therefore, when forming the second
three-dimensional structure in the surface of the second layer
in the second three-dimensional structure forming step, the
surface of the first layer can be prevented from being dam-
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aged. Further, in this embodiment an inorganic material is
used for the first layer, and a metal material is used for the
second layer. Therefore, the hardness of the first layer can be
made higher than the hardness of the second layer. Accord-
ingly, even in the case where the second layer is formed in the
second layer forming step in such a manner that the second
layer has the same thickness as the first layer, the surface of
the first layer can be prevented from being damaged when
forming the second three-dimensional structure in the surface
of'the second layer in the second three-dimensional structure
forming step. It therefore becomes possible to form the fine
linear three-dimensional structures of the surfaces of the first
and second layers easily and with high accuracy. The use of
the thus-produced mold can produce a high-quality patterned
retardation film for three-dimensional display which, when
used in a three-dimensional display device, is unlikely to
cause poor alignment.

[0085] Ina second aspect of a fifth invention, a method for
producing a mold for a patterned alignment film for three-
dimensional display, comprising:

[0086] an underlayer preparation step of preparing an
underlayer composed of a metal material;

[0087] aresist forming step of forming a resist in a parallel
stripe pattern on a surface of the underlayer;

[0088] a first layer forming step of forming a first layer-
forming layer, composed of an inorganic material having
insulating properties, by performing dry plating of the sur-
faces of the underlayer and the resist, and then removing a
laminate of the resist and a part of the first layer-forming layer
overlying the resist, thereby forming a first layer in a parallel
stripe pattern;

[0089] a first three-dimensional structure forming step of
forming a first fine linear three-dimensional structure in a
surface of the first layer in an approximately constant direc-
tion;

[0090] a second layer forming step of forming a second
layer, composed of a metal material and having a thickness
which is larger than a thickness of the first layer, by perform-
ing wet plating of only an exposed surface of the underlayer
after the first three-dimensional structure forming step; and
[0091] a second three-dimensional structure forming step
of forming a second fine linear three-dimensional structure in
a surface of the second layer in an approximately constant
direction which is the same as the direction in which the first
three-dimensional structure is formed.

[0092] According to the second aspect of the fifth inven-
tion, the second layer is formed in the second layer forming
step in such a manner that the second layer has a larger
thickness than the first layer having the first three-dimen-
sional structure formed in the surface. Therefore, when form-
ing the second three-dimensional structure in the surface of
the second layer in the second three-dimensional structure
forming step, the surface of the first layer can be prevented
from being damaged. It therefore becomes possible to form
the fine linear three-dimensional structure of the surfaces of
the first and second layers easily and with high accuracy. The
use of the thus-produced mold can produce a high-quality
patterned retardation film for three-dimensional display
which, when used in a three-dimensional display device, is
unlikely to cause poor alignment.

[0093] Inthe fifth invention, the mold for a patterned align-
ment film for three-dimensional display is preferably a roll
mold having a roll-like shape. When the mold for a patterned
alignment film for three-dimensional display, produced by
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the mold production method of the present invention, has a
roll-like shape, or is a roll mold, shaping of an alignment
film-forming layer with the mold can be performed in a con-
tinuous manner while rotating the roll mold. The use of a roll
mold can thus produce a patterned alignment film with ease,
in large quantities and with high efficiency.

[0094] Itis preferred in the fifth invention that at least one of
the first three-dimensional structure forming step and the
second three-dimensional structure forming step be per-
formed by roll pressing. By forming fine linear three-dimen-
sional structures by roll pressing, the first three-dimensional
structure forming step and/or the second three-dimensional
structure forming step can be performed with ease. Further-
more, roll pressing enables constant position/constant pres-
sure pressing, making it possible to equalize the thickness of
the machined first layer and/or the second layer and to pro-
duce the mold in an intermittent/continuous manner.

[0095] A first patterned retardation film according to the
present invention comprises:

[0096] a transparent substrate film;

[0097] apatterned alignment film, formed on one surface of
the transparent substrate film, having a surface consisting of
first alignment regions and second alignment regions,
arranged alternately and each region having linear three-di-
mensional structure formed therein, with the linear three-
dimensional structure of the second alignment regions being
formed in a direction which is the same as or different from a
direction in which the linear three-dimensional structure of
the first alignment regions are formed; and

[0098] a patterned retardation layer, formed on said surface
of the patterned alignment film, containing a liquid crystal
compound which is aligned by the linear three-dimensional
structure of the first alignment regions and the linear three-
dimensional structures of the second alignment regions,
[0099] wherein the linear three-dimensional structure of
the first alignment regions and the linear three-dimensional
structure of the second alignment regions have a height of not
less than 1 nm and not more than 500 nm.

[0100] A second patterned retardation film according to the
present invention comprises:

[0101] a transparent substrate film;

[0102] apatterned alignment film, formed on one surface of
the transparent substrate film, having a surface consisting of
first alignment regions and second alignment regions,
arranged alternately and each region having linear three-di-
mensional structure formed therein, with the linear three-
dimensional structure of the second alignment regions being
formed in a direction which is the same as or different from a
direction in which the linear three-dimensional structure of
the first alignment regions are formed; and

[0103] a patterned retardation layer, formed on said surface
of the patterned alignment film, containing a liquid crystal
compound which is aligned by the linear three-dimensional
structure of the first alignment regions and the linear three-
dimensional structures of the second alignment regions,
[0104] wherein the level difference between the first align-
ment region and the second alignment region is not less than
10 nm and not more than 5000 nm.

[0105] The method of the present invention can thus pro-
duce a mold for a patterned alignment film for three-dimen-
sional display, which can produce a patterned alignment film
capable of producing a high-quality patterned retardation film
for three-dimensional display, with ease and in large quanti-
ties.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0106] FIG. 1 is a process chart illustrating an exemplary
method for producing a mold for a patterned alignment film
for three-dimensional display;

[0107] FIG. 2 is a schematic view showing an exemplary
mold for a patterned alignment film for three-dimensional
display;

[0108] FIG. 3 is a schematic plan view showing the surface
of a mold for a patterned alignment film for three-dimen-
sional display;

[0109] FIG. 4 is a cross-sectional view taken along the line
A-A of FIG. 3,

[0110] FIG. 5 shows schematic views illustrating an exem-
plary patterned retardation film using an alignment film
obtained by the use of a mold for a patterned alignment film
for three-dimensional display;

[0111] FIG. 6 is a schematic view illustrating roll pressing;
[0112] FIG. 7 shows schematic perspective views illustrat-
ing exemplary fine linear three-dimensional structures
formed in the surfaces of a first layer and a second layer;
[0113] FIG. 8 is a diagram illustrating fine linear three-
dimensional structures;

[0114] FIG. 9 is a diagram illustrating fine linear three-
dimensional structures;

[0115] FIG. 10 is a diagram illustrating fine linear three-
dimensional structures;

[0116] FIG. 11 is a diagram illustrating fine linear three-
dimensional structures;

[0117] FIG. 12 is a diagram illustrating a patterned retar-
dation film using a patterned alignment film produced by the
use of a mold;

[0118] FIG. 13 is a schematic plan view showing the sur-
face of amold for a patterned alignment film for three-dimen-
sional display;

[0119] FIG. 14 is across-sectional view taken along the line
B-B of FIG. 13;
[0120] FIG. 15 shows schematic views illustrating another

exemplary patterned retardation film using an alignment film
obtained by the use of a mold for a patterned alignment film
for three-dimensional display;

[0121] FIG. 16 is a diagram illustrating fine linear three-
dimensional structures;

[0122] FIG. 17 is a diagram illustrating fine linear three-
dimensional structures;

[0123] FIG. 18 is a process chart illustrating another exem-
plary method for producing a mold for a patterned alignment
film for three-dimensional display;

[0124] FIG. 19 is a process chart illustrating yet another
exemplary method for producing a mold for a patterned align-
ment film for three-dimensional display;

[0125] FIG. 20 is a process chart illustrating yet another
exemplary method for producing a mold for a patterned align-
ment film for three-dimensional display;

[0126] FIG. 21 is a diagram illustrating a protective layer;
[0127] FIG. 22 is a process chart illustrating yet another
exemplary method for producing a mold for a patterned align-
ment film for three-dimensional display;

[0128] FIG. 23 shows schematic views illustrating an
exemplary mold for a patterned alignment film for three-
dimensional display;

[0129] FIG. 24 shows schematic views illustrating another
exemplary mold for a patterned alignment film for three-
dimensional display;
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[0130] FIG. 25 is a process chart illustrating yet another
exemplary method for producing a mold for a patterned align-
ment film for three-dimensional display, showing steps (a) to
(©);

[0131] FIG. 26 is a process chart showing steps (d) to (f)
subsequent to the steps shown in FIG. 25;

[0132] FIG. 27 is a perspective view of a patterned align-
ment film for three-dimensional display which has been
shaped by using a mold;

[0133] FIG. 28 is a perspective view of a patterned retarda-
tion film consisting of the patterned alignment film for three-
dimensional display shown in FIG. 27, and an aligned liquid
crystal layer formed on the film; and

[0134] FIG. 29 is a schematic view showing an exemplary
liquid crystal display device capable of displaying three-
dimensional images by a passive method.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0135] The present invention relates to a high-quality pat-
terned retardation film for three-dimensional display and to a
method for producing a mold for a patterned alignment film
for three-dimensional display. First to fifth embodiments of
the method for producing a mold for a patterned alignment
film for three-dimensional display according to the present
invention will now be described in order. In the following
description, a description of an embodiment will be concen-
trated on a difference(s) from the preceding embodiment(s),
and a duplicate description of a common point(s) will be
omitted.

First Embodiment

[0136] A first embodiment will now be described with ref-
erenceto a first mode (first aspect) and a second mode (second
aspect).

A. First Mode (First Aspect)

[0137] In a mold for a patterned alignment film for three-
dimensional display in the first mode, first-layer fine linear
three-dimensional structures are formed in a direction differ-
ent from that of second-layer fine linear three-dimensional
structures.

[0138] A method for producing a mold for a patterned
alignment film for three-dimensional display in the first mode
includes: a first layer forming step of forming a first layer
composed of a metal material or an inorganic material; a first
three-dimensional structure forming step of forming fine lin-
ear three-dimensional structures in the surface of the first
layer in an approximately constant direction; a second layer
forming step of forming a second layer composed of a metal
material or an inorganic material on the surface of the first
layer after the first three-dimensional structure forming step;
a second three-dimensional structure forming step of forming
fine linear three-dimensional structures in the surface of the
second layer in an approximately constant direction difterent
from that in the first three-dimensional structure forming
step; a resist forming step of forming a resist in a parallel
stripe pattern on the surface of the second layer after the
second three-dimensional structure forming step; a second
layer removing step of removing the second layer that
remains exposed after the resist forming step; and a resist
removing step of removing the resist.
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[0139] The method for producing a mold for a patterned
alignment film for three-dimensional display in the first mode
will now be described with reference to FIG. 1. FIG. 1 is a
process chart illustrating an exemplary method for producing
a mold for a patterned alignment film for three-dimensional
display. First, as illustrated in FIG. 1, a metal substrate is
prepared and a first layer 1, consisting of a single layer or a
plurality of layers, is formed (FIG. 1(a)). Next, the entire
surface of the first layer 1 is subjected to cutting or roll
pressing to form fine linear three-dimensional structures 11 in
the surface in an approximately constant direction, thereby
forming the first layer 1 having the fine linear three-dimen-
sional structures 11 (FIG. 1(5)). Thereafter, the entire surface
of'the first layer 1 is subjected to dry plating to form a second
layer 3 composed of a metal material or an inorganic material
(FIG. 1(¢)). Next, the entire surface of the second layer 3 is
subjected to cutting or roll pressing to form fine linear three-
dimensional structures 31 in the surface in a direction differ-
ent from that of the fine linear three-dimensional structures 11
formed in the first three-dimensional structure forming step
(FIG. 1(d)). A resist material is applied onto the surface of the
second layer 3, in which the fine linear three-dimensional
structures 31 are formed, to form a resist film on the surface.
The resist film is then exposed e.g. by laser lithography in a
parallel stripe pattern to form a resist 2 in a parallel stripe
pattern on the surface of the first layer 1 (FIG. 1(e)). There-
after, parts of the second layer 3, which remains exposed after
the formation of the resist 2, is selectively removed off by
using an etching solution, thereby exposing the first layer 1
having the fine linear three-dimensional structures 11 formed
in the surface (FIG. 1(f)). Finally, the resist 2 is removed to
obtain a mold 50 for a patterned alignment film for three-
dimensional display according to the present invention (FIG.
1(g)). FIG. 1(a) illustrates the first layer forming step, FIG.
1(b) the first three-dimensional structure forming step, FIG.
1(c) the second layer forming step, FIG. 1(d) the second
three-dimensional structure forming step, FIG. 1(e) the resist
forming step, FIG. 1(f) the second layer removing step, and
FIG. 1(g) the resist removing step.

[0140] A mold 50 for a patterned alignment film for three-
dimensional display, obtainable by the above-described pro-
duction method, will now be described with reference to the
relevant drawings. FIG. 2 is a schematic view showing an
exemplary mold 50 for a patterned alignment film for three-
dimensional display according to the present invention. FIG.
3 is a schematic plan view showing the surface of the mold 50
for a patterned alignment film for three-dimensional display,
and FIG. 4 is a cross-sectional view taken along the line A-A
of FIG. 3.

[0141] As illustrated in FIGS. 3 and 4, the mold 50 in the
first mode includes the first layer 1 composed of a metal
material or an inorganic material and having the fine linear
three-dimensional structures 11 formed in the surface in an
approximately constant direction, and the second layer 3
composed of a metal material or an inorganic material,
formed in a parallel stripe pattern on the first layer 1, and
having the fine linear three-dimensional structures 31 formed
in the surface in an approximately constant direction. The fine
linear three-dimensional structures 31 are formed in the sur-
face of the second layer 3 in a different direction from the
direction in which the fine linear three-dimensional structures
11 are formed in the surface of the first layer 1 which is
exposed between adjacent stripe-shaped portions of the sec-
ond layer 2.
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[0142] The exemplary mold 50 for a patterned alignment
film for three-dimensional display, shown in FIG. 2, is a roll
mold. As illustrated in FIG. 3, the fine linear three-dimen-
sional structures 11, 31 of the surfaces of the first layer 1 and
the second layer 3 are formed in a direction at an angle of 135°
and in a direction at an angle of 45°, respectively, with respect
to the direction of rotation of the mold (roll mold) 50 for a
patterned alignment film for three-dimensional display. Thus,
the directions of the fine linear three-dimensional structures
11, 31 differ from each other by 90°. The arrows in FIG. 3
indicate the directions in which the fine linear three-dimen-
sional structures 11, 31 are formed.

[0143] A description will now be given of a patterned retar-
dation film including an alignment film produced by using a
mold for a patterned alignment film for three-dimensional
display, produced by the method for producing a mold for a
patterned alignment film for three-dimensional display in the
first mode (herein sometimes referred to simply as a mold for
a patterned alignment film for three-dimensional display in
the first mode). FIGS. 5(a) and 5(b) are schematic views
showing an exemplary patterned retardation film including an
alignment film produced in the first mode. As shown in FIG.
5(a), the patterned retardation film 60 includes a transparent
film substrate 7, an alignment film 8 formed on the transpar-
ent film substrate 7, and a retardation layer 9 formed on the
alignment film 8. In the patterned retardation film 60, the
surface area of the alignment film 8 comprise first alignment
regions 8A, each having fine linear three-dimensional struc-
tures capable of aligning a rod-like compound 10 in one
direction, and second alignment regions 8B, each having fine
linear three-dimensional structures capable of aligning the
rod-like compound 10 in a direction perpendicular to the
alignment direction of the compound in the first alignment
regions 8A. The first alignment regions 8A and the second
alignment regions 8B are arranged in a stripe pattern in the
surface of the alignment film 8, and correspond to the first
layer and the second layer of a mold for a patterned alignment
film for three-dimensional display in the first mode. As illus-
trated in FI1G. 5(5), in the patterned retardation film 60 (60A),
the retardation layer 9 consists of first retardation regions 9A
and second retardation regions 9B, where their slow axis
directions are perpendicular to each other, formed in the same
pattern as the pattern in which the first alignment regions 8A
and the second alignment regions 8B are formed.

[0144] As described above, the mold production method in
the first mode of this embodiment includes the first and sec-
ond three-dimensional structure forming steps to form fine
linear three-dimensional structures in the entire surfaces of
the first layer and the second layer, and the later second layer
removing step to etch away only the second layer. Such a
process can easily form the fine linear three-dimensional
structures and, when forming the fine linear three-dimen-
sional structures in the surface of the second layer, can pre-
vent damage to the surface of the first layer having the fine
linear three-dimensional structures formed in a different
direction from that of the second-layer three-dimensional
structures. A resist is formed in a parallel stripe pattern on the
surface of the second layer in the resist forming step, and only
the exposed portions of the second layer are selectively
removed in the second layer removing step. Such steps can
effectively produce a mold for a patterned alignment film for
three-dimensional display, including the first layer having the
first-layer fine linear three-dimensional structures, and the
second layer having the second-layer fine linear three-dimen-
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sional structures which are formed in a direction different
from that of the first-layer three-dimensional structures.

[0145] The use of such a mold, having the first-layer and
second-layer fine linear three-dimensional structures formed
in different directions in the surfaces of the first and second
layers, can produce an alignment film having fine linear three-
dimensional structures in the surface of each first alignment
region and also having fine linear three-dimensional struc-
tures in the surface of each second alignment region, with the
former and latter three-dimensional structures being formed
in different directions. The alignment film constitutes a pat-
terned retardation film and functions to align a rod-like com-
pound contained in the retardation layer. Thus, when an align-
ment film is produced by using a mold for a patterned
alignment film for three-dimensional display according to the
present invention, the fine linear three-dimensional struc-
tures, formed in different directions in the first alignment
regions and in the second alignment regions, of the alignment
film can regulate (control) the alignment of a rod-like com-
pound contained in the retardation layer of a patterned retar-
dation film including the alignment film. Thus, because of the
difference in the direction (longitudinal direction) between
the fine linear three-dimensional structures formed in the
surface of the first layer and the fine linear three-dimensional
structures formed in the surface of the second layer in the
mold in the first mode of this embodiment, an alignment film
can be produced which has fine linear three-dimensional
structures in each first alignment region and also has fine
linear three-dimensional structures, formed in a different
direction, in each second alignment region. The use of the
alignment film can produce a patterned retardation film which
exhibits retardation values that differ by a value correspond-
ing to the difference in the direction between the fine linear
three-dimensional structures of the first alignment regions
and the fine linear three-dimensional structures of the second
alignment regions.

[0146] A conventional patterned retardation film has the
problem of disorder in the alignment direction of a rod-like
compound at the boundary between each first alignment
region and each second alignment region, because the rod-
like compound is aligned in different directions in the first and
second alignment regions. On the other hand, in a mold for a
patterned alignment film for three-dimensional display in the
first mode of this embodiment, the level of the surface of the
first layer differs from the level of the surface of the second
layer, i.e. the thickness of the mold differs between the por-
tions with the second layer and the portions without the sec-
ond layer. Accordingly, an alignment film, in which the level
of the first alignment regions differs from the level of the
second alignment regions, can be obtained. By thus distin-
guishing the boundaries between the first alignment regions
and the second alignment regions, defective alignment of
liquid crystal molecules, which is likely to occur around the
boundaries between the first and second alignment regions,
can be prevented. This can prevent leakage of light from the
boundary areas. It therefore becomes possible to produce a
high-quality alignment film which, when used in a display,
can prevent a lowering of contrast.

[0147] The method for producing a mold for a patterned
alignment film for three-dimensional display in the first mode
of'this embodiment includes a first layer forming step, a first
three-dimensional structure forming step, a second layer
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forming step, a second three-dimensional structure forming
step, a resist forming step, a second layer removing step, and
a resist removing step.

[0148] The respective steps of the method for producing a
mold for a patterned alignment film for three-dimensional
display in the first mode will now be described in detail.

1. First Layer Forming Step (First Layer Preparation Step)

[0149] The first layer forming step is the step of forming the
first layer 1 composed of a metal material or an inorganic
material, as illustrated in FIG. 1(a). The first layer 1 may be
formed as a single layer, or formed on the surface of an
underlayer. In the first mode, the first layer 1 is preferably
formed on an underlayer. This facilitates the production of a
roll mold for a patterned alignment film for three-dimensional
display and, in addition, facilitates imparting smoothness to
the surface of the first layer. The step 1 can be divided into an
underlayer preparation step and a first layer forming step as
described below.

(1) Underlayer Preparation Step

[0150] The underlayer preparation step is the step of pre-
paring a layer which is composed of a metal material or an
inorganic material and which is to underlie the first layer.
Though the mold for a patterned alignment film for three-
dimensional display in the first mode may or may not have an
underlayer, it preferably has an underlayer.

[0151] Any metal material or organic material may be used
for the underlayer as long as it has good adhesion to the first
layer formed on the underlayer. Examples of the metal mate-
rial include chromium, nickel, stainless steel (SUS), copper,
aluminum, etc. Of these, aluminum is preferred. Examples of
the inorganic material include metal oxides such as titanium
oxide (Ti0,, Ti;Os), tantalum oxide (Ta,Os), silicon oxide
(Si0, Si0,), tin oxide (SnO,), aluminum oxide (Al,O;),
chromium oxide (Cr,0;), barium titanate (BaTiO;), indium
oxide (In,0;) and zinc oxide (ZnO, Zn0O,), carbides such as
TiC, SiC, BC and WC, nitrides such as TiN, SiN, CrN, BN,
AIN, CN and ZrN, barium fluoride (BaF,), magnesium fluo-
ride (MgF ), magnesium oxide (Mg0O), diamond-like carbon
(DLC), glassy carbon, ceramics, silicon nitride, carbon
nitride, etc. Of these, diamond-like carbon, carbides such as
TiC, SiC, BC and WC, and nitrides such as TiN, SiN, CrN,
BN, AIN, CN and ZrN are preferred. These inorganic mate-
rials have a relatively high hardness, and therefore enable
high-accuracy formation of the first three-dimensional struc-
tures.

[0152] The underlayer may have, for example, a plate-like
shape or a roll-like shape, preferably a roll-like shape. Thus,
the mold for a patterned alignment film for three-dimensional
display in the first mode preferably has a roll-like shape or is
aroll mold. When a roll mold is used, shaping of an alignment
film-forming layer can be performed in a continuous manner
while rotating the roll mold. The use of a roll mold can thus
produce an alignment film with ease, in large quantities and
with high efficiency.

[0153] Any “roll-like” shape may be used as long as it can
stably form an alignment film. Thus, the roll-like underlayer
may, for example, have the shape ofaroll, a sleeve, orthe like,
preferably the shape of a sleeve. The use of a mold for a
patterned alignment film for three-dimensional display in the
first mode, having the shape of a sleeve, can produce a pat-
terned alignment film with high efficiency. Furthermore, a

Mar. 27, 2014

sleeve-shaped mold has the advantages of lighter weight and
easier handling over a roll-shaped mold. The “roll shape”
includes a roll with a shaft, a pipe without a shaft, or the like.
The “pipe without a shaft” herein refers to a cylindrical shape
having a thickness of not less than 3000 um. The “sleeve
shape” herein refers to a seamless cylindrical body having a
thickness of not more than 1000, which can be easily
deformed by air pressure or a stress. When the underlayer has
a roll-like shape, such as a roll shape or a sleeve shape, the
underlayer is preferably seamless. However, it is also possible
to use a seamed roll-like underlayer prepared by rolling plate-
like underlayers into a cylindrical shape.

[0154] In the case where the below-described first layer is
laminated to the underlayer, the underlayer preferably has
excellent surface smoothness. If the surface smoothness of
the underlayer is poor, the poor surface smoothness can
adversely affect the surface smoothness of the first layer,
making it difficult to form linear three-dimensional structures
with high accuracy in the surface of the first layer. Especially
when the firstlayeris a DCL layer, the first layer is likely to be
affected by the surface roughness of the underlayer because
the DL.C layer is generally relatively thin.

[0155] Any method can be used to impart surface smooth-
ness to the underlayer as long as a desired level of smoothness
can be obtained. For example, a cutting method, such as
supermirror polishing, may be used.

[0156] Though the surface roughness (Ra) of the under-
layer is not particularly limited unless it adversely affects the
surface of the first layer, it is preferably not more than 10000
nm, more preferably not more than 5000 nm, most preferably
not more than 1000 nm. The “surface roughness (Ra)”” herein
refers to “arithmetic mean surface roughness” as measured
according to JIS-B0O601.

(2) First Layer Forming Step

[0157] In the case where the underlayer is used, the first
layer forming step is the step of forming a first layer, com-
posed of a metal material or an inorganic material, on the
underlayer. In the case where no underlayer is used, on the
other hand, the first layer forming step is the step of preparing
a first layer composed of a metal material or an inorganic
material.

[0158] The following description will be given with refer-
ence to the case of using the underlayer and to the case of
using no underlayer.

(a) In the Case where the Underlayer is Used:

[0159] Inthe case where the mold for a patterned alignment
film for three-dimensional display in the first mode has the
underlayer, the first layer is formed on the surface of the
above-described underlayer.

[0160] Any method can be used as a first layer forming
method as long as it can form the first layer, composed of a
metal material or an inorganic material, on the underlayer. For
example, wet plating or dry plating may be used. Examples of
wet plating include electroplating, electroless plating, molten
zinc plating, molten aluminum plating, plating with an
insoluble anode, etc. Examples of dry plating include a physi-
cal vapor deposition method (PVD method) such as vacuum
deposition plating, resistance heating, sputtering or ion plat-
ing; and a chemical vapor deposition method (CVD method)
such as atmospheric pressure thermal CVD, reduced pressure
thermal CVD or plasma CVD.

[0161] The metal material or inorganic material for the first
layer, which is formed by such a method on the surface of the
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underlayer, is not particularly limited if it has desired adhe-
sion to the underlayer and has a resistance to an etching
solution which is used to remove a second layer from the first
layer in the below-described second layer removing step and,
in addition, if fine linear three-dimensional structures can be
formed in the surface of the first layer in the below-described
first three-dimensional structure forming step. Specifically,
the same materials as described above with reference to the
underlayer may be used for the first layer. Among them,
nickel, chromium, copper, stainless steel (SUS), diamond-
like carbon (DLC) and aluminum are preferred. Of these,
nickel, chromium and DLC are preferred, and DLC is par-
ticularly preferred. Because of the high hardness, DLC
enables high-accuracy formation of fine linear three-dimen-
sional structures in the surface.

[0162] The material for the underlayer and the material for
the first layer may be the same or different. When using
different materials for the underlayer and the first layer, it is
preferred to use the combination of chromium/DLC or nickel/
DLC as the materials for the underlayer/the first layer from
the viewpoint of obtaining desired adhesion between the lay-
ers.

[0163] When using aluminum for the underlayer and DL.C
for the first layer, it is preferred to provide a layer of chro-
mium or nickel between the underlayer and the first layer.
This can increase adhesion between the aluminum layer and
the DL.C layer.

[0164] The first layer preferably has excellent surface
smoothness. If the surface smoothness of the first layer is
poor, it is sometimes difficult to form fine linear three-dimen-
sional structures with high accuracy in the surface of the first
layer in the below-described first three-dimensional structure
forming step. Any method can be used to impart surface
smoothness to the first layer as long as a desired level of
smoothness can be obtained. For example, a cutting method,
such as supermirror polishing, may be used.

[0165] Though the surface roughness (Ra) of the first layer
is not particularly limited if fine linear three-dimensional
structures can be formed with high accuracy in the surface of
the first layer in the below-described first three-dimensional
structure forming step, it is preferably not more than 10000
nm, more preferably not more than 5000 nm, most preferably
not more than 1000 nm. The “surface roughness (Ra)” herein
refers to “arithmetic mean surface roughness™ as measured
according to JIS-B0601.

[0166] Though the thickness of the first layer is not particu-
larly limited if linear three-dimensional structures can be
formed in the below-described first three-dimensional struc-
ture forming step, it is preferably in the range of 1 nm to 5000
um, more preferably in the range of 10 nm to 1000 pm, most
preferably in the range of 50 nm to 5 pm. The thickness of the
first layer herein refers to the sum of the thickness of the first
layer and the thickness of the underlayer.

(b) In the Case where No Underlayer is Used:

[0167] Inthe casewhere the mold for a patterned alignment
film for three-dimensional display in the first mode has no
underlayer, the first layer forming step in the first embodiment
is the step of preparing a first layer composed of a metal
material or an inorganic material.

[0168] The metal material or inorganic material for the first
layer is not particularly limited if it has a resistance to an
etching solution which is used to remove a second layer from
the first layer in the below-described second layer removing
step and, in addition, if fine linear three-dimensional struc-
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tures can be formed in the surface of the first layer in the
below-described first three-dimensional structure forming
step. Specifically, the same materials as described above with
reference to the underlayer may be used for the first layer.
Among them, nickel, chromium, copper, stainless steel
(SUS), diamond-like carbon (DLC) and aluminum are pre-
ferred. Of these, nickel, chromium and DLC are preferred,
and DLC is particularly preferred. Because of the high hard-
ness, DLC enables high-precision formation of fine linear
three-dimensional structures in the surface.

[0169] The shape ofthefirst layer is not particularly limited
if fine linear three-dimensional structures can be formed in an
approximately constant direction in the surface of the first
layer. For example, the first layer may have a plate-like shape
or a roll-like shape, preferably a roll-like shape. Further, the
first layer may be the same shape as described above under the
heading “(1) Underlayer preparation step”, and therefore a
description thereof is omitted.

[0170] The first layer preferably has excellent surface
smoothness. If the surface smoothness of the first layer is
poor, it is sometimes difficult to form fine linear three-dimen-
sional structures with high accuracy in the surface of the first
layer in the below-described first three-dimensional structure
forming step. The first layer may have the same surface
roughness (Ra) as described above under the heading “(a) In
the case where the underlayer is used”, and therefore a
description thereof is omitted.

[0171] The thickness of the first layer is not particularly
limited if linear three-dimensional structures can be formed
in the surface of the first layer in the below-described first
three-dimensional structure forming step, and if the first layer
is self-supportable.

2. First Three-Dimensional Structure Forming Step

[0172] Thefirstthree-dimensional structure forming step in
the first mode of this embodiment is the step of forming fine
linear three-dimensional structures 11 in the surface of the
first layer 1, composed of a metal material or an inorganic
material, in an approximately constant direction, as shown in
FIG. 1(b).

[0173] Any method can be used to form the fine three-
dimensional structures 11 as long as it can form fine linear
three-dimensional structures of a desired size in a desired
direction. For example, it is possible to use a cutting method
which involves polishing the surface of the first layer, or a roll
pressing method which involves pressing a mold having a
three-dimensional pattern against the surface of the first layer.
Cutting and roll pressing will now be described.

(1) Cutting

[0174] “Cutting” as used in this step is a machining process
which involves polishing of the surface of the first layer to
form the intended three-dimensional structures. Any com-
mon cutting method may be used in this step. Examples may
include abrasive polishing, paper polishing, tape polishing, a
blasting method such as sandblasting, shot blasting, grit blast-
ing or glass bead blasting, a brush graining method using a
brush member composed of fibers of a synthetic resin such as
nylon, polypropylene or vinyl chloride, nonwoven fabric,
animal hair or steel wires, a wire graining method using a
metal wire, a method (brush graining method) which com-
prises brush-polishing the surface of the first layer while
supplying a slurry containing abrasive particles, a ball grain-



US 2014/0085597 Al

ing method, a buff polishing method such as liquid honing, a
shot peening method, etc. Of these, tape polishing and paper
polishing are preferred because of easy control of the direc-
tion of the fine linear three-dimensional structures.

(2) Roll Pressing

[0175] “Roll pressing™ as used in this step is a roll machin-
ing process which involves pressing a rotary roller having a
three-dimensional pattern against the surface of the first layer
to mold the intended three-dimensional structures in the sur-
face. During the roll pressing process, a molding object is
allowed to pass the rotary roller a number of times in a roll
pressing machine so as to mold three-dimensional structures
in the surface of the molding object.

[0176] FIG. 6 is a schematic view illustrating roll pressing.
As illustrated in FIG. 6, a roll pressing machine 55 includes a
rotary roller 5 having a three-dimensional pattern which is to
make contact with a molding object 6. When rotating the
rotary roller 5, the three-dimensional pattern of the rotary
roller 5 is pressed against the molding object 6.

[0177] Thus, in roll pressing, a three-dimensional pattern
formed in a rotary roller functions as a mold: when the rotary
roller is rotated while it is kept in contact with a molding
object, the molding object is machined not by cutting, but by
deformation due to pressing of the roller on the object.
[0178] Such roll pressing enables constant position/con-
stant pressure pressing, making it possible to equalize the
thickness of a molded product and to produce the product in
an intermittent/continuous manner.

[0179] With reference to a three-dimensional pattern
formed in the surface of a rotary roller for use in roll pressing,
the cross-sectional shape, height, width and pitch of the pat-
tern are the same as the height, width and pitch of the below-
described fine linear three-dimensional structures, and there-
fore a description thereof is omitted.

(3) Fine Linear Three-Dimensional Structures

[0180] The fine linear three-dimensional structures in the
first mode of this embodiment are not particularly limited as
long as the use of the mold for a patterned alignment film for
three-dimensional display can produce a pattered alignment
film which is capable of producing a high-quality patterned
retardation film. The fine linear three-dimensional structures
may be formed in a random pattern or in a stripe pattern or in
a combination of such patterns. FIG. 7(a) illustrates fine
linear three-dimensional structures formed in a random pat-
tern in an approximately constant direction, FIG. 7(b) illus-
trates fine linear three-dimensional structures formed in a
stripe pattern in an approximately constant direction, and
FIG. 7(C) illustrates fine linear three-dimensional structures
formed in a combination of such patterns.

[0181] The <“fine linear three-dimensional structures
formed in a random pattern in an approximately constant
direction” herein are, for example, fine scratch-like structures
extending in an approximately constant direction as formed
e.g. by rubbing of the surface. On the other hand, the “fine
linear three-dimensional structures formed in a stripe pattern
in an approximately constant direction” refer to a stripe pat-
tern of wall-like raised portions formed at regular intervals.
The stripe pattern of three-dimensional structures each have a
larger size than each of the random pattern of three-dimen-
sional structures, and do not include fine scratch-like struc-
tures as formed e.g. by rubbing of the surface.
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[0182] In the first mode of this embodiment, the pattern of
the fine linear three-dimensional structures formed in the
surface of the first layer may be the same as or different from
the pattern of the fine linear three-dimensional structures
formed in the surface of the below-described second layer.
[0183] When the fine linear three-dimensional structures in
the first mode are of a stripe pattern, the cross-sectional shape
of the structures is not particularly limited if an alignment
film, to be produced by using the mold for a patterned align-
ment film for three-dimensional display in the first mode, can
align a liquid crystal compound in a predetermined direction
by the three-dimensional structures formed in the alignment
film. For example, the stripe pattern of fine linear three-
dimensional structures may each have a generally rectangu-
lar, triangular or trapezoidal cross-sectional shape. The cross-
sectional shape of each structure may not necessarily be
constant.

[0184] The height 1, the width m and the pitch n of the fine
linear three-dimensional structures 11 in the first mode, as
shown in FIG. 8, are not particularly limited if an alignment
film, to be produced by using the mold for a patterned align-
ment film for three-dimensional display in the first mode, can
align a liquid crystal compound in a predetermined direction
by the three-dimensional structures formed in the alignment
film. In the case of a stripe pattern of fine linear three-dimen-
sional structures, the height1 of each linear three-dimensional
structure 11 is preferably in the range of 1 nm to 500 nm, more
preferably in the range of 1 nm to 100 nm, most preferably in
the range of 1 nm to 50 nm.

[0185] In the case of a stripe pattern of fine linear three-
dimensional structures, the width m of each linear three-
dimensional structure 11 is preferably in the range of 1 nm to
1000 nm, more preferably in the range of 1 nm to 500 nm,
most preferably in the range of 1 nm to 100 nm.

[0186] In the case of a stripe pattern of fine linear three-
dimensional structures, the pitch n of the linear three-dimen-
sional structures 11 may not necessarily be constant; how-
ever, it is preferably in the range of about 1 nm to 1000 nm,
more preferably in the range of 1 nm to 100 nm.

[0187] In the case of a stripe pattern of fine linear three-
dimensional structures, the use of the above dimensions can
stably align a liquid crystal compound.

[0188] To reduce crosstalk between a right-eye image and a
left-eye image in three-dimensional display so as to generate
a good-quality three-dimensional image, the angular distri-
bution of the running directions of fine linear three-dimen-
sional structures 11 (corresponding to the angular distribution
of'the alignment directions of liquid crystal molecules and to
the angular distribution of the slow axes of a patterned retar-
dation layer to be obtained) in a plane parallel to the mold
surface is made not more than three degrees, preferably not
more than one degree. The angular distribution is determined
by the triple standard deviation (30) of a number of (generally
at least 10) measurement values of the running directions.
[0189] FIG. 8 illustrates the fine linear three-dimensional
structures 11 in the case where each structure has a rectangu-
lar cross-sectional shape.

3. Second Layer Forming Step

[0190] Asillustrated in FIG. 1(¢), the second layer forming
step in the first mode of this embodiment is the step of form-
ing the second layer 3, composed of a metal material or an
inorganic material, after the first three-dimensional structure
forming step.
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[0191] Any method can be used as a second layer forming
method as long as it can form the second layer, composed of
a metal material or an inorganic material, with high accuracy.
For example, dry plating or wet plating may be used.

[0192] When thesecondlayeris composed of a metal mate-
rial, the second layer can be formed by dry plating or wet
plating. Examples of dry plating, to be used for forming the
second layer composed of a metal material, include a physical
vapor deposition method (PVD method) such as vacuum
deposition plating, a resistance heating method, sputtering or
ion plating. Examples of wet plating include electroplating,
electroless plating, molten zinc plating, molten aluminum
plating, plating with an insoluble anode, etc. When forming
the second layer by wet plating, a metal material is selected
for the first layer.

[0193] When the second layer is composed of an inorganic
material, the second layer can be formed by dry plating.
Examples of dry plating include a physical vapor deposition
method (PVD method) such as vacuum deposition plating, a
resistance heating method, sputtering or ion plating; and a
chemical vapor deposition method (CVD method) such as
atmospheric pressure thermal CVD or reduced pressure ther-
mal CVD.

[0194] The metal material or inorganic material for the
second layer is preferably one which enables the second layer
to be stably laminated to the first layer. An etching solution is
used in the below-described second layer removing step in
order to selectively remove the second layer that remains
exposed after the formation of a resist. Therefore, the material
of the second layer is preferably one which facilitates selec-
tive removal of the second layer with the etching solution.
[0195] Specific examples of the material for the second
layer include: metal materials such as nickel, copper, alumi-
num, tin, chromium, stainless steel (SUS), iron, etc.; inor-
ganic oxides such as Si0,, SiOx, Al,O;, GeO,, TiO,, Cr,0;,
7105, Ta,0s, Nb,Oj, etc.; inorganic nitrides such as Si;N,,
AIN, TiN, TiCN, etc.; inorganic oxynitrides such as SiO,N,;
inorganic carbides such as SiC; and diamond-like carbon
(DLC). Of these, metal materials, inorganic oxynitrides and
inorganic carbides are preferred, and TiN is particularly pre-
ferred. The use of such a preferable material can easily form
the second layer on the first layer, can easily form fine linear
three-dimensional structures in the surface of the second
layer and, in addition, can selectively remove the second layer
with an etching solution in the below-described second layer
removing step.

[0196] The material for the second layer preferably differs
from the material for the first layer so that the second layer can
be selectively removed off by using an etching solution in the
below-described second layer removing step.

[0197] Itis preferredto use the material for the second layer
and the material for the first layer in such a combination as to
achieve desired adhesion between the first and second layers,
and to make the first layer resistant to an etching solution to be
used in the second layer removing step. For example, it is
preferred to use the combination of DLC/Ti, DLC/TiN or
Cr,0,/TiN as the materials for the second layer/the first layer.
[0198] The second layer preferably has excellent surface
smoothness. If the surface smoothness of the second layer is
poor, it is sometimes difficult to form fine linear three-dimen-
sional structures with high accuracy in the surface of the
second layer in the below-described second three-dimen-
sional structure forming step. Any method can be used to
impart surface smoothness to the second layer as long as a
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desired level of smoothness can be obtained. For example, a
cutting method, such as supermirror polishing, may be used.
[0199] Though the surface roughness (Ra) of the second
layer is not particularly limited if fine linear three-dimen-
sional structures can be formed with high accuracy in the
surface of the second layer in the below-described second
three-dimensional structure forming step, it is preferably not
more than 10000 nm, more preferably not more than 5000
nm, most preferably not more than 1000 nm. The “surface
roughness (Ra)” herein refers to “arithmetic mean surface
roughness” as measured according to JIS-B0601.

[0200] The thickness of the second layer, i.e. the level dif-
ference between the first layer and the second layer, is pref-
erably in the range of 10 nm to 5 um, more preferably in the
range of 50 nm to 1 pm. When the level difference is in the
above range, an alignment film, to be formed by using the
mold for a patterned alignment film for three-dimensional
display in the first mode, can effectively prevent disorder in
alignment of a liquid crystal compound from occurring
around the boundaries between the first alignment regions
and the second alignment regions of the alignment film, cor-
responding to the first layer and the second layer, respectively.
[0201] The thickness of the second layer refers to the dis-
tance D1 shown in FIG. 4. As shown in FIG. 4, the thickness
of'the second layer includes the fine linear three-dimensional
structures 11, 31 formed in the surface. The thickness of the
second layer, having the fine linear three-dimensional struc-
tures formed in the surface, refers to the distance D1 shown in
FIG. 4. The distance D1 refers to the average value of the
distance from the surface of the first layer to the raised por-
tions of the fine linear three-dimensional structures formed in
the surface of the second layer and the distance from the
surface of the first layer to the recessed portions of the fine
linear three-dimensional structures formed in the surface of
the second layer. The level of the surface of the first layer
(reference point for the measurement of the thickness of the
second layer) is determined by calculating the average of the
level of the raised portions and the level of the recessed
portions in the fine linear three-dimensional structures
formed in the surface of the first layer. The reference numerals
in FIG. 4 indicate the same elements or components as those
of FIG. 1, and therefore a description thereof is omitted.

4. Second Three-Dimensional Structure Forming Step

[0202] The second three-dimensional structure forming
step in the first mode of this embodiment is the step of form-
ing fine linear three-dimensional structures 31 in the surface
of'the second layer 3 formed on the first layer 1, as shown in
FIG. 1(d).

[0203] Any method can be used to form the fine linear
three-dimensional structures as long as it can form the linear
three-dimensional structures of a desired size in a desired
direction. For example, it is possible to use a cutting method
which involves polishing the surface of the second layer, or a
roll pressing method which involves pressing a mold having
a three-dimensional pattern against the surface of the second
layer. Further, the same method as described above under the
heading “2. First three-dimensional structure forming step”, a
duplicate description of which is omitted, can be used to form
the fine linear three-dimensional structures in the second
three-dimensional structure forming step.

[0204] The direction in which the fine linear three-dimen-
sional structures in the first mode of this embodiment is
formed is not particularly limited as long as the direction
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differs between the surface of the first layer and the surface of
the second layer in the mold for a patterned alignment film for
three-dimensional display in the first mode. In particular, as
shown in FIG. 5, it is preferred in the first mode of this
embodiment that the first alignment regions 8A and the sec-
ond alignment regions 8B of the alignment film 8, produced
by using the mold for a patterned alignment film for three-
dimensional display, can each align the rod-like compound 10
in the retardation layer 9 along the direction in which the fine
linear three-dimensional structures are formed. This makes it
possible to produce a patterned retardation film capable of
three-dimensional display by using the alignment film. FIG. 5
shows the case where the difference in the longitudinal direc-
tion of the fine linear three-dimensional structures between
the first alignment regions 8A and the second alignment
regions 8B is 90°. Thus, when a patterned retardation film is
produced, the patterned retardation film preferably has retar-
dation values which differ by a value corresponding to the
difference in the longitudinal direction of the fine linear three-
dimensional structures between the first layer and the second
layer in the mold for a patterned alignment film for three-
dimensional display in the first mode. In particular, the direc-
tion of the fine linear three-dimensional structures formed in
the surface of the second layer may differ by 90° or 45° from
the direction of the fine linear three-dimensional structures
which have been formed in the surface of the first layer in the
above-described first three-dimensional structure forming
step. The respective cases will now be described.

(1) When the Difference is 90°:

[0205] In this case, the longitudinal direction of the fine
linear three-dimensional structures differs by 90° between the
surface of the first layer and the surface of the second layer.
[0206] The direction of the fine linear three-dimensional
structures is not particularly limited as long as the direction
differs by 90° between the surface of the first layer and the
surface of the second layer. For example, when the mold for
a patterned alignment film for three-dimensional display is a
roll mold, the direction of the first-layer fine linear three-
dimensional structures and the direction of the second-layer
fine linear three-dimensional structures are preferably 45°/
135° or 0°/90° (first layer/second layer) with respect to the
direction of rotation of the roll mold.

[0207] When the direction of the first-layer fine linear
three-dimensional structures and the direction of the second-
layer fine linear three-dimensional structures are orthogonal
to each other, an alignment film, produced by using the mold
having such fine linear three-dimensional structures, has the
following advantages: By designing the first retardation
regions and the second retardation regions, formed on the first
alignment regions and the second alignment regions of the
alignment film, of a patterned retardation film to have an
in-plane retardation of A/4, linearly polarized light, when
passing through the first and second retardation regions, turns
into right circularly polarized light and left circularly polar-
ized light, respectively. The patterned retardation film can
therefore be used advantageously to easily produce a display
device capable of three-dimensional display.

[0208] FIG. 3 shows the surface of a roll mold in which the
direction of the fine linear three-dimensional structures 11
formed in the surface of the first layer and the direction of the
fine linear three-dimensional structures 31 formed in the sur-
face of the second layer are 45° and 135°, respectively; and
FIG. 9 shows the surface of a roll mold in which the direction
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of the fine linear three-dimensional structures 11 and the
direction of the fine linear three-dimensional structures 31 are
0° and 90°, respectively.

[0209] The reference numerals in FIG. 9 indicate the same
elements or components as those of FIG. 3, and therefore a
description thereof is omitted.

[0210] Thein-planeretardation (Re) valueis anindex ofthe
degree of the birefringence of a refractive-index anisotropic
body in the in-plane direction, and is represented by the
following formula:

Re [nm]=(Nx-Ny)xd [nm]

[0211] where Nx represents the refractive index of the
refractive-index anisotropic body in the slow axis direction in
which the refractive index is maximum in the in-plane direc-
tion, Ny represents the refractive index in the fast axis direc-
tion perpendicular to the slow axis direction, and d represents
the thickness of the refractive-index anisotropic body in a
direction perpendicular to the in-plane direction.

[0212] The in-plane retardation value (Re value) can be
measured by a parallel Nicol rotation method using, for
example, KOBRA-WR manufactured by Oji Scientific
Instruments. The in-plane retardation value in a small region
can be measured by using the Muller matrix and using AxoS-
can manufactured by Axometrics Inc. (USA). An Re value
herein refers to a value at a wavelength of 589 nm, unless
otherwise specified.

[0213] With reference to the fine linear three-dimensional
structures formed in the surface of the second layer in this
case, the cross-sectional shape, height, width and pitch of the
structures and a method for the production of the structures
may be the same as those described above under the heading
“2. First three-dimensional structure forming step”, and
therefore a description thereof is omitted.

(2) When the Difference is 45°:

[0214] In this case, the longitudinal direction of the fine
linear three-dimensional structures differs by 45° between the
surface of the first layer and the surface of the second layer.
[0215] The direction of the fine linear three-dimensional
structures is not particularly limited as long as the direction
differs by 45° between the surface of the first layer and the
surface of the second layer. For example, in the case of a roll
mold, the direction of the first-layer fine linear three-dimen-
sional structures and the direction of the second-layer fine
linear three-dimensional structures are preferably 0°/45° or
180°/135° (first layer/second layer) with respect to the direc-
tion of rotation of the roll mold.

[0216] When the direction of the first-layer fine linear
three-dimensional structures and the direction of the second-
layer fine linear three-dimensional structures differ by 45°, an
alignment film, produced by using the mold having such fine
linear three-dimensional structures, has the following advan-
tages: By designing the first retardation regions and the sec-
ond retardation regions, formed on the first alignment regions
and the second alignment regions of the alignment film, of a
patterned retardation film to have an in-plane retardation
value corresponding to A/2, and by using a A/4 plate in com-
bination, the patterned retardation film can be advantageously
used to easily produce a three-dimensional display device.
[0217] FIG. 10 shows the surface of a roll mold in which the
direction of the fine linear three-dimensional structures 11
formed in the surface of the first layer and the direction of the
fine linear three-dimensional structures 31 formed in the sur-
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face of the second layer are 0° and 45°, respectively; and FIG.
11 shows the surface of a roll mold in which the direction of
the fine linear three-dimensional structures 11 and the direc-
tion of the fine linear three-dimensional structures 31 are 180°
and 135°, respectively.

[0218] The reference numerals in FIGS. 10 and 11 indicate
the same elements or components as those of FIG. 3, and
therefore a description thereof is omitted. In the figures, the
arrows each indicate the direction in which the fine linear
three-dimensional structures are formed.

[0219] The fact that a display device capable of three-di-
mensional display can be easily produced by using the com-
bination of a A/4 plate and a patterned retardation film having
such retardation regions will now be described in greater
detail. FIG. 12 is a schematic view of a liquid crystal display
device capable of three-dimensional display, produced by
using the combination of a A/4 plate and a patterned retarda-
tion film produced by the use of a mold as produced by the
production method of the present invention. As illustrated in
FIG. 12, the liquid crystal display device, which uses the
combination of a A/4 plate and a patterned retardation film
produced by the use of a mold as produced by the production
method of the present invention, can display three-dimen-
sional images by the passive method. The principle is as
follows:

[0220] The pixels of a light-emitting display are divided
pattern-wise into two groups, right-eye image display pixels
and left-eye image display pixels; the former group of pixels
is caused to display a right-eye image, while the latter group
of pixels is caused to display a left-eye image. A patterned
retardation film is prepared which has a retardation layer
consisting of first retardation regions formed in a pattern
corresponding to the pattern of the left-eye image display
pixels and second retardation regions formed in a pattern
corresponding to the pattern of the right-eye image display
pixels. The patterned retardation film is disposed on the dis-
play surface side of a polarizing plate, and a A/4 plate is
disposed on the display surface side of the patterned retarda-
tion film. The slow axis direction of the first retardation
regions is made to intersect the polarizing axis direction of the
polarizing plate at an angle of 45°. Further, the slow axis
direction of the first retardation regions is made parallel or
perpendicular to the slow axis direction of the A/4 plate. By
disposing the patterned retardation film and the A/4 plate in
this manner, an image displayed by the right-eye image dis-
play pixels and an image displayed by the left-eye image
display pixels (hereinafter sometimes referred to as “right-
eye image” and “left-eye image”, respectively) are to be
viewed by the viewer in the following manner:

[0221] Images displayed by right-eye image display pixels
and left-eye image display pixels pass through the polarizing
plate, whereby the images are converted into linearly polar-
ized lights. In the display device illustrated in FIG. 12, the
polarizing axis direction of the polarizing plate is 0°, and
therefore the images that have passed through the polarizing
plate are 0°-direction linearly polarized lights. The images,
which have been converted into 0°-direction linearly polar-
ized lights, then enter the patterned retardation film. Left-eye
images pass through the first retardation regions, while right-
eye image pass through the second retardation regions.
Accordingly, a left-eye image, when passing through the
patterned retardation film, turns into linearly polarized light
(L1) with 90° polarizing axis, whereas a right-eye image
remains as linearly polarized light (L.2) with 0° polarizing
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axis after passing through the patterned retardation film. The
lights I.1 and .2 then enter the A/4 plate, where the left-eye
image is converted into right circularly polarized light (C1)
and the right-eye image is converted into left circularly polar-
ized light (C2).

[0222] A right-eye image and a left-eye image are thus
converted into orthogonal circularly polarized lights when the
images pass through the patterned retardation film and the A/4
plate. Therefore, when the viewer wears circularly polarizing
glasses using orthogonal circularly polarizing lenses as right-
eye and left-eye lenses, a right-eye image is allowed to pass
through only the right-eye lens and a left-eye image is allowed
to pass through only the left-eye lens. Thus, the right-eye
image reaches only the right eye and the left-eye image
reaches only the left eye, enabling three-dimensional display
to the viewer.

[0223] With reference to the fine linear three-dimensional
structures formed in the surface of the second layer in the
present case, the cross-sectional shape, height, width and
pitch of the structures and a method for the production of the
structures may be the same as those described above under the
heading “2. First three-dimensional structure forming step”,
and therefore a description thereof is omitted.

5. Resist Forming Step

[0224] The resist forming step in this embodiment is the
step of forming a resist 2 in a parallel stripe pattern on the
surface of the second layer 3 after the second three-dimen-
sional structure forming step, as shown in FIG. 1(e).

[0225] Any resist material can be used in the resist forming
step as long as the material has a resistance to an etching
solution to be used in the below-described second layer
removing step and, in addition, the resist 2 can be later
removed as described below. Either a positive resist material
(a light-irradiated portion will dissolve) or a negative resist
material (a light-irradiated portion will harden) may be used.
A chemically-amplified resist based on a novolac resin, for
example, can be used as the positive resist material. The
negative resist material may be exemplified by a chemically-
amplified resist based on a crosslinked resin, for example, a
chemically-amplified resist prepared by adding a crosslink-
ing agent and an acid generator to polyvinyl phenol.

[0226] A common coating method can be used to apply
such a resist material onto the second layer, thereby forming
a resist film. Examples of usable coating methods include
spin coating, casting, dipping, bar coating, blade coating, roll
coating, gravure coating, flexographic printing, spray coat-
ing, etc.

[0227] Electron beam lithography or laser lithography,
which is generally used in photomask lithography, may be
used as a method to expose the resist film in a parallel stripe
pattern. It is also possible to use a method which involves
ultraviolet irradiation of the resist film with the use of a mask.
[0228] In particular, laser lithography is preferred because
the method can expose the resist film in a parallel stripe
pattern with high accuracy even when the above-described
metal substrate has the shape of a roll.

[0229] The resist film after exposure can be developed by a
common developing method.

[0230] In the mold 50 for a patterned alignment film for
three-dimensional display, the width W1' of the fine linear
three-dimensional structures 11 formed in the surface of the
first layer 1 and the width W2' of the fine linear three-dimen-
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sional structures 31 formed in the surface of the second layer
3 are defined by the pattern in which the resist is formed.
[0231] When the mold 50 for a patterned alignment film for
three-dimensional display is a roll mold as shown in FIG. 2,
the longitudinal direction of the resist, i.e. the longitudinal
direction of the parallel stripe pattern, is preferably parallel to
the direction of rotation of the roll mold.

[0232] The width W2 of each resist film 2 and the width W1
of'the space between adjacent resist films 2 as shown in FIG.
1(e) may be the same or different. However, in this embodi-
ment the width W2 of each resist film 2 is preferably the same
as the width W1 of the space between adjacent resist films 2.
[0233] In a liquid crystal display device capable of three-
dimensional display, a right-eye pixel area and a left-eye pixel
area generally have the same width. When the width (W1') of
the fine linear three-dimensional structures formed in the
surface of the first layer is made equal to the width (W2') of
the fine linear three-dimensional structures formed in the
surface of the second layer in the mold for a patterned align-
ment film for three-dimensional display according to the
present invention, i.e. when the width W2 of each resist film
2 is made equal to the width W1 of the space between adjacent
resist films 2 in FIG. 1(e), the first alignment regions and the
second alignment regions, corresponding to the first-layer
fine linear three-dimensional structures and the second-layer
fine linear three-dimensional structures, respectively, of a
patterned alignment film as produced by using the mold
according to the present invention, can be made to have the
same width. Accordingly, when the patterned alignment film
is used in a liquid crystal display device capable of three-
dimensional display, the pattern in which the first alignment
regions and the second alignment regions are formed can be
easily matched with the pattern in which pixels areas are
formed in a color filter used in the liquid crystal display
device. Thus, a three-dimensional liquid crystal display
device can be produced easily by using a patterned alignment
film as produced by using the mold for a patterned alignment
film for three-dimensional display according to the present
invention.

[0234] The pixel areas of a light-emitting display device
have the same width. Accordingly, when a patterned align-
ment film, as produced by using the mold according to the
present invention and having the first alignment regions and
the second alignment regions of the same width, is used in a
light-emitting display device capable of three-dimensional
display, the pattern in which the first alignment regions and
the second alignment regions are formed can be easily
matched with the pattern in which the pixel areas are formed
in the light-emitting display device. Thus, a light-emitting
display device capable of three-dimensional display can be
produced easily by using a patterned alignment film as pro-
duced by using the mold for a patterned alignment film for
three-dimensional display according to the present invention.
[0235] With reference to the width W2 of each resist film 2
and the width W1 of the space between adjacent resist films 2,
shown in FIG. 1(e) (the width W2' of the second layer 3 and
the width W1' of the first layer 1 of the mold 50 for a patterned
alignment film for three-dimensional display according to the
present invention, shown in FIG. 1(g)), their specific values
may be arbitrarily determined depending on the intended use
of'a patterned alignment film produced by the use of the mold.
For example, when the patterned alignment film is used to
produce a liquid crystal display device capable of three-di-
mensional display, the width W2 of each resist film 2 and the
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width W1 of the space between adjacent resist films 2 are
determined so that the widths match the widths of each right-
eye pixel area and each left-eye pixel area. Though the width
W2 of each resist film 2 and the width W1 of the space
between adjacent resist films 2 are thus not particularly lim-
ited, the widths may preferably be in the range of 50 um to
1000 um, more preferably in the range of 100 pm to 600 pm.

6. Second Layer Removing Step

[0236] The second layer removing step in this embodiment
is the step of removing parts of the second layer 3 that remains
exposed after the formation of the resist 2 in a parallel stripe
pattern, as shown in FIG. 1(f).

[0237] Any method can be used to remove the second layer
in the second layer removing step if it can selectively remove
only parts of the second layer that remains exposed after the
resist forming step, and will not make a change in the fine
linear three-dimensional structures formed in the surface of
the first layer. For example, an etching method using an
etching solution may be used.

[0238] Wet etching may be performed in this step by apply-
ing an etching solution onto the substrate, or by immersing
the substrate in an etching solution. The etching time may be
appropriately adjusted based on the etching rate of the sub-
strate so as to achieve the intended etching profile.

[0239] Any etching solution can be used in this step if it can
etch away the second layer and will not make a change in the
fine linear three-dimensional structures formed in the surface
of the first layer. The type of an etching solution to be used
may differ depending on the material of the second layer and
on the material of the first layer underlying the second layer.
Examples of the etching solution include hydrochloric acid, a
mixed acid, a hydrogen peroxide solution, ammonia water
and an organic alkali.

[0240] When the material of the first layer is a chromium-
based material and the material of the second layer is a tita-
nium-based material, hydrofluoric acid or a mixed solution of
potassium hydroxide and hydrogen peroxide can be used as
an etching solution. The use of a mixed solution of potassium
hydroxide and hydrogen peroxide is preferred.

[0241] When the material of the first layer is a titanium-
based material and the material of the second layer is a chro-
mium-based material, a mixed solution of ceric ammonium
nitrate and perchloric acid or a mixed solution of sulfuric acid
and phosphoric acid can be used as an etching solution. The
use of a mixed solution of ceric ammonium nitrate and per-
chloric acid is preferred.

7. Resist Removing Step

[0242] The resist removing step in this embodiment is the
step of remove the resist 2 after removing the exposed second
layer 3, as shown in FIG. 1(g).

[0243] A common resist removing method can be used to
remove the resist in the resist removing step. For example,
ashing by oxygen plasma treatment or cleaning with an
organic alkaline solution may be used. In this embodiment,
the resist is preferably removed by applying a removing agent
(peeling agent), such as an organic alkaline solution, to the
resist. Such a method can remove the resist in a simple man-
ner.
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8. Other Steps

[0244] As described above, the method for producing a
mold for a patterned alignment film for three-dimensional
display in this embodiment comprises the first layer forming
step, the first three-dimensional structure forming step, the
second layer forming step, the second three-dimensional
structure forming step, the resist forming step, the second
layer removing step, and the resist removing step. The
method of this embodiment may optionally include other
step(s).

[0245] Such other step may be exemplified by a removal
step of removing e.g. polishing debris generated by polishing
or cutting of the surface of the first layer or the second layer in
the first three-dimensional structure forming step or the sec-
ond three-dimensional structure forming step. A suction
method or a method using a solvent, for example, may be used
in the removal step.

[0246] Another exemplary additional step is an adhesive
layer forming step of forming an adhesive layer between the
first layer and the second layer. The adhesive layer forming
step will now be described.

[0247] The adhesive layer forming step in this embodiment
is the step of forming an adhesive layer on the surface of the
first layer.

[0248] Any method can be used in this step if it can form an
adhesive layer on the surface of the first layer and can enhance
the adhesion between the first layer and the second layer. The
adhesive layer forming method may be appropriately selected
depending on the type of the adhesive resin used for the
adhesive layer, etc.

[0249] Any material can be used for the adhesive layerifthe
material contains an adhesive resin and can bond the first
layer and the second layer with a desired adhesive force.
Thus, the type of the adhesive resin may be appropriately
selected depending on the types of the first layer and the
second layer. Examples of usable adhesive resins include
polyethylene, polypropylene, polyisobutylene, polystyrene,
polyolefins such as ethylene-propylene rubber, ethylene-vi-
nyl acetate copolymer, ethylene-acrylic acid copolymer, cel-
Iulose derivatives such as ethyl cellulose and cellulose triac-
etate, a copolymer of poly(meth)acrylic acid and an ester
thereof, polyvinyl acetate, polyvinyl alcohol, polyvinyl acetal
such as polyvinyl butyral, polyacetal, polyamide, polyimide,
nylon, a polyester resin, a urethane resin, an epoxy resin, etc.
[0250] Either a single adhesive resin or a mixture of two or
more types of adhesive resins may be used in the present
invention.

[0251] The thickness of the adhesive layer is not particu-
larly limited as long as it can bond the first layer and the
second layer with a desired adhesive force.

B. Second Mode (Second Aspect)

[0252] In a mold for a patterned alignment film for three-
dimensional display in the second mode, first-layer fine linear
three-dimensional structures and second-layer fine linear
three-dimensional structures are formed in the same direc-
tion.

[0253] The method for producing a mold for a patterned
alignment film for three-dimensional display in the second
mode will now be described with reference to FIG. 1.
[0254] FIG. 1 is a process chart illustrating an exemplary
method for producing a mold for a patterned alignment film
for three-dimensional display. The method for producing a
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mold for a patterned alignment film for three-dimensional
display in the second mode may be the same as the above-
described production method in the first mode, and therefore
a description thereof is omitted.

[0255] FIG. 1(a)illustrates the first layer forming step, FIG.
1(b) the first three-dimensional structure forming step, FIG.
1(c) the second layer forming step, FIG. 1(d) the second
three-dimensional structure forming step, FIG. 1(e) the resist
forming step, FIG. 1(f) the second layer removing step, and
FIG. 1(g) the resist removing step.

[0256] A mold 50 for a patterned alignment film for three-
dimensional display, obtainable by the above-described pro-
duction method, will now be described with reference to the
relevant drawings. FIG. 2 is a schematic view showing an
exemplary mold 50 for a patterned alignment film for three-
dimensional display according to the present invention. FIG.
13 is a schematic plan view showing the surface of the mold
50 for a patterned alignment film for three-dimensional dis-
play, and FIG. 14 is a cross-sectional view taken along the line
B-B of FIG. 13.

[0257] Asillustrated in FIGS. 13 and 14, the mold 50 in the
second mode includes the first layer 1 composed of a metal
material or an inorganic material and having the fine linear
three-dimensional structures 11 formed in the surface in an
approximately constant direction, and the second layer 3
composed of a metal material or an inorganic material,
formed in a parallel stripe pattern on the first layer 1, and
having the fine linear three-dimensional structures 31 formed
in the surface in an approximately constant direction. The fine
linear three-dimensional structures 31 are formed in the sur-
face of the second layer 3 in the same direction as the direction
in which the fine linear three-dimensional structures 11 are
formed in the surface of the first layer 1 which is exposed
between adjacent stripe-shaped portions of the second layer
2.

[0258] The exemplary mold 50 for a patterned alignment
film for three-dimensional display, shown in FIG. 2, is a roll
mold. As illustrated in FIG. 13, the fine linear three-dimen-
sional structures 11, 31 of the surfaces of the first layer 1 and
the second layer 3 are formed in the same direction at an angle
of'45° with respect to the direction of rotation of the mold (roll
mold) 50 for a patterned alignment film for three-dimensional
display. The arrows in FI1G. 13 indicate the directions in which
the fine linear three-dimensional structures 11, 31 are formed.

[0259] Inthe mold for a patterned alignment film for three-
dimensional display in the second mode of this embodiment,
the level of the surface of the first layer differs from the level
of the surface of the second layer. A description will now be
given of a patterned retardation film using an alignment film
produced by using such a mold for a patterned alignment film
for three-dimensional display. FIG. 15(a) is a schematic view
showing an exemplary patterned retardation film using an
alignment film produced by the use of the mold for a patterned
alignment film for three-dimensional display; and FIG. 15(54)
is an enlarged schematic view of the regions enclosed in
dotted lines, shown in FIG. 15(a).

[0260] The patterned retardation film 60 has a pattern of
first retardation regions 9 A and second retardation regions 9B
in the retardation layer 9; the pattern exhibits retardation
values that differ by a value corresponding to the thickness of
the second layer 2. Thus, the thickness of the second layer in
the second mode of this embodiment may be determined by
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the intended difference in the retardation value between the
first retardation regions 9A and the second retardation regions
9B.

[0261] Inthe mold for a patterned alignment film for three-
dimensional display in the second mode of this embodiment,
the fine linear three-dimensional structures of the surfaces of
the first and second layers are formed in the same direction.
Accordingly, in the alignment film 8 produced by the use of
the mold 50, the fine linear three-dimensional structures of
the surfaces of the first alignment regions 8 A and the second
alignment regions 8B are also formed in the same direction.
Accordingly, in the patterned retardation film 60 (60A) pro-
duced by the use of the mold for a patterned alignment film for
three-dimensional display in the second mode of this embodi-
ment, a rod-like compound 10 is made to align in the same
direction.

[0262] The reference numeralsin FIG. 15 indicate the same
elements or components as those of FIG. 5, and therefore a
description thereof is omitted.

[0263] The method for producing a mold for a patterned
alignment film for three-dimensional display in the second
mode of this embodiment has the same advantages as those
described above with reference to the production method in
the first mode.

[0264] Besides the advantages of the method for producing
a mold for a patterned alignment film for three-dimensional
display in the first mode, an alignment film having the first
alignment regions and the second alignment regions whose
thicknesses are different can be obtained according to the
second mode. An alignment film is to constitute a patterned
retardation film and has a function to align a rod-like com-
pound contained in the retardation layer of the patterned
retardation film. According to the second mode of this
embodiment, a mold for a patterned alignment film for three-
dimensional display, capable of producing an alignment film
which exhibits retardation values that differ by a value corre-
sponding to the difference in the thickness between the first
alignment regions and the second alignment regions, can be
obtained.

[0265] A conventional patterned retardation film has the
problem of disorder in the alignment direction of a rod-like
compound at the boundary between each first alignment
region and each second alignment region when the rod-like
compound is aligned in different directions in the first and
second alignment regions. On the other hand, in an alignment
film produced by using a mold for a patterned alignment film
for three-dimensional display in the second mode of this
embodiment, the level of the first alignment regions differs
from the level of the second alignment regions. By thus dis-
tinguishing the boundaries between the first alignment
regions and the second alignment regions, defective align-
ment of liquid crystal molecules, which is likely to occur
around the boundaries between the first and second alignment
regions, can be prevented. This can prevent leakage of light
from the boundary areas. It therefore becomes possible to
produce a high-quality alignment film which, when used in a
display, can prevent a lowering of contrast.

[0266] The method for producing a mold for a patterned
alignment film for three-dimensional display in the second
mode of this embodiment comprises the first layer forming
step, the first three-dimensional structure forming step, the
second layer forming step, the second three-dimensional
structure forming step, the resist forming step, the second
layer removing step, and the resist removing step.
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[0267] The first three-dimensional structure forming step
and the second three-dimensional structure forming step of
the production method in the second mode can be performed
in the same manner as that described above with reference to
the first mode except that the second-layer fine linear three-
dimensional structures are formed in the same direction as the
first-layer fine linear three-dimensional structures, and that
the second layer is formed in such a manner that it has a
predetermined thickness, and therefore a detailed description
thereof is omitted.

[0268] A description will now be given of the thicknesses of
the first layer and the second layer, and the fine linear three-
dimensional structures formed in the same direction in the
surfaces of the first and second layers of the mold for a
patterned alignment film for three-dimensional display in the
second mode of this embodiment.

[0269] The thickness of the second layer formed in the
second mode of this embodiment is determined by the
intended difference in the retardation value between the first
retardation regions and the second retardation regions of a
patterned retardation film using an alignment film produced
by the use of the mold for a patterned alignment film for
three-dimensional display, produced by the method in the
second mode of this embodiment, as follows:

[0270] The mold for a patterned alignment film for three-
dimensional display, produced by the method in the second
mode of this embodiment, has the second layer formed in a
stripe pattern on the surface of the first layer. Thus, the mold
has raised portions and recessed portions in the surface. The
raised portions and the recessed portions are transferred to the
surface of an alignment film produced by the use of the mold.
Thus, regions having different thicknesses, i.e. thick regions
and thin regions, are formed in the surface of the alignment
film. In a patterned retardation film using the alignment film,
a pattern of retardation regions, having retardation values that
differ by a value corresponding to the difference in the thick-
ness between the thick regions and the thin regions, are
formed in the retardation layer.

[0271] Thus, the thickness of the second layer of the mold
for a patterned alignment film for three-dimensional display
corresponds to the difference in the thickness between the
thick regions and the thin regions of an alignment film pro-
duced by the mold.

[0272] The difference in the thickness between the thick
regions and the thin regions is determined by the intended
difference in the retardation value between the first retarda-
tion regions and the second retardation regions of a patterned
retardation film. That is, the difference in the thickness
between the thick regions and the thin regions may be deter-
mined by the intended use of the patterned retardation film,
the type of the below-described rod-like compound for use in
the retardation layer, etc., and is not particularly limited. In
particular, the difference in the thickness between the thick
regions and the thin regions is preferably such that in the
retardation layer, formed on the alignment layer, the differ-
ence between the in-plane retardation value of high retarda-
tion regions and the in-plane retardation value of low retar-
dation regions corresponds to A/2. In this case, when
designing the retardation layer to have an in-plane retardation
value corresponding to A/4 in the low retardation regions, the
in-plane retardation value of the low retardation regions cor-
responds to A/4 and the in-plane retardation value of the high
retardation regions corresponds to A/4+A/2 in the patterned
retardation film. Linearly polarized lights, when passing
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through the low and high retardation regions of the patterned
retardation film, turn into circularly polarized lights perpen-
dicularto each other. The patterned retardation film can there-
fore be advantageously used to produce a three-dimensional
display device.

[0273] It is therefore preferred that the second layer of the
mold for a patterned alignment film for three-dimensional
display in the second mode of this embodiment be formed in
such a manner that the thickness of the second layer, i.e. the
difference in the thickness between the thick regions and the
thin regions of an alignment film produced by the use of the
mold, meets the above-described requirements.

[0274] Theheights orlevels of the surfaces of the first layer
and the second layer are not particularly limited as long as the
level difference between the first and second layers lies in a
predetermined range. For example, the thickness D2 of the
second layer 2, shown in FIG. 14, is preferably about 2.0 um.
[0275] As shown in FIG. 14, the heights or levels of the
surfaces of the first layer and the second layer include the fine
linear three-dimensional structures formed in the surfaces.
[0276] The direction in which the fine linear three-dimen-
sional structures is formed in the surfaces of the first and
second layers of the mold for a patterned alignment film for
three-dimensional display in the second mode of this embodi-
ment is not particularly limited as long as the direction is the
same between the first-layer structures and the second-layer
structures. For example, as shown in FIG. 16, the direction of
the fine linear three-dimensional structures 11 formed in the
surface of the first layer and the direction of the fine linear
three-dimensional structures 31 formed in the surface of the
second layer may be 0°. Alternatively, as shown in FIG. 17,
the direction of the fine linear three-dimensional structures 11
formed in the surface of the first layer and the direction of the
fine linear three-dimensional structures 31 formed in the sur-
face of the second layer may be 90°.

[0277] Other details of the fine linear three-dimensional
structures can be as described above with reference to the first
embodiment.

C. Other Mode (Other Aspect)

[0278] In a mold for a patterned alignment film for three-
dimensional display in another mode, first-layer fine linear
three-dimensional structures may be formed in a direction
different from that of second-layer fine linear three-dimen-
sional structures, and the level of the surface of the first layer
may be different from the level of the surface of the second
layer.

[0279] The method for producing a mold for a patterned
alignment film for three-dimensional display in this mode has
the same advantages as those described above with reference
to the first mode and the second mode.

[0280] In addition to the same advantages as those of the
first and second modes, this mode has the following advan-
tages: In the mold for a patterned alignment film for three-
dimensional display in this mode, the longitudinal direction
of the fine linear three-dimensional structures formed in the
surface of the first layer differs from the longitudinal direction
of the fine linear three-dimensional structures formed in the
surface of the second layer and, in addition, the level of the
surface of the first layer differs from the level of the surface of
the second layer. Therefore, when a patterned retardation film
is produced by the use of an alignment film which is produced
by using the mold for a patterned alignment film for three-
dimensional display in this mode, the patterned retardation
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film exhibits retardation values that differ by a value corre-
sponding to the difference in the longitudinal direction
between the first-layer fine linear three-dimensional struc-
tures and the second-layer fine linear three-dimensional
structures and to the level difference between the first layer
and the second layer. The first layer and the second layer of
the mold for a patterned alignment film for three-dimensional
display in this mode correspond to the first alignment regions
and the second alignment regions of the alignment film, and
to the first retardation regions and the second retardation
regions of the patterned retardation film.

D. Other Features

[0281] The mold for a patterned alignment film for three-
dimensional display, produced by the method according to
the present invention, has recessed portions (first layer) and
raised portions (second layer), formed in a stripe pattern, and
has fine linear three-dimensional structures formed in the
surface in an approximately constant direction.

[0282] The mold for a patterned alignment film for three-
dimensional display is used to produce a patterned alignment
film for three-dimensional display which is to be used for a
patterned retardation film for three-dimensional display.
More specifically, the mold is used to produce a patterned
alignment film for three-dimensional display, having first
alignment regions (raised portions) and second alignment
regions (recessed portions) each having fine linear three-
dimensional structures formed in the surface, by transferring
the corresponding fine linear three-dimensional structures of
the mold to an alignment film-forming layer composed of a
resin composition.

[0283] The above description is merely illustrative, and is
not intended to limit the present invention. Any technical idea
or concept that is substantially the same as the inventive
concept as expressed herein should be construed to fall within
the scope of the present invention.

Example of the First Embodiment

[0284] The following example illustrates the present inven-
tion in greater detail.

Example

First Layer Forming Step

[0285] Machining of an aluminum pipe (series 5000 alumi-
num material) having a diameter of 300 mm and a length of
1260 mm was carried out to produce a mold.

[0286] After flattening the aluminum surface by means of a
lathe, the aluminum surface was subjected to copper electro-
plating to form a copper layer having a thickness 0of200to 300
um as an underlayer. Thereafter, the surface of the underlayer
was subjected to abrasive polishing to impart smoothness to
the surface.

[0287] Next, the surface of the underlayer was subjected to
nickel plating to form a nickel layer having a thickness of
about 5 um. Scratches that had been produced on the surface
of'the underlayer by the abrasive polishing were buried in the
nickel layer formed. Next, a diamond-like carbon (DLC) film
as a first layer, having a thickness of about 2 pm, was formed
by plasma CVD on the nickel layer.
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(First Three-Dimensional Structure Forming Step)

[0288] After the formation of the first layer, rubbing of the
surface of the first layer was performed at a polishing angle of
45° using a paper polishing machine, thereby forming fine
linear three-dimensional structures in the entire surface of the
first layer.

(Removal Step)

[0289] After the first three-dimensional structure forming
step, the surface of the first layer, having the fine linear three-
dimensional structures formed therein, was cleaned e.g. with
a solvent to remove polishing debris and abrasive particles
from the surface.

(Second Layer Forming Step)

[0290] Next, a second layer of titanium, having a thickness
0f'0.1 pm to 1 um, was formed by sputtering on the surface of
the first layer.

(Second Three-Dimensional Structure Forming Step)

[0291] After the second layer forming step, fine linear
three-dimensional structures were formed in the entire sur-
face of the second layer in the same manner as in the first
three-dimensional structure forming step.

(Removal Step)

[0292] After the second three-dimensional structure form-
ing step, the surface of the second layer, having the fine linear
three-dimensional structures formed therein, was cleaned e.g.
with a solvent to remove polishing debris and abrasive par-
ticles from the surface.

(Resist Forming Step)

[0293] Afterthe removal step, a negative resist material was
applied to the entire surface of the second layer, followed by
drying at room temperature to form a resist coating having an
appropriate thickness (about 3 to 5 um). Thereafter, the resist
coating was subjected to lithography with a laser having an
adjusted wavelength to expose the resist, followed by devel-
opment to form a parallel stripe pattern of resist films.

(Second Layer Removing Step)

[0294] Next, etching of the second layer was carried out at
room temperature for 20 minutes using a 4:1 mixed solution
of Solfine-SE-TVV20/A (Showa Denko K.K.) and hydrogen
peroxide solution (Kanto Chemical Co., Inc.), followed by
rinsing with water and then with methyl alcohol. The water
rinsing was carried out by using a high-pressure washer to
remove resist residues.

(Resist Removing Step)

[0295] Next, the resist was dissolved and removed from the
surface of the second layer by using a mixed solution of
methyl ethyl ketone (MEK), isopropyl alcohol (IPA) and
methanol.

[Evaluation]

[0296] The configuration of the surface of the mold for a
patterned alignment film for three-dimensional display, pro-
duced in the example, was transferred to an ultraviolet curable
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resin on a substrate film having no retardation. Thereafter, an
ultraviolet curable liquid crystal, available from Merck, was
applied onto the shaped rein by spin coating to form a retar-
dation layer whose thickness was adjusted to have a retarda-
tion value of 125 nm, thereby producing a patterned retarda-
tion film.

[0297] As aresult of evaluation of the patterned retardation
film, it was confirmed that because of the presence of the
resist protective film, only the second layer can be polished,
without re-polishing polishing scratches on the first layer,
during polishing of the second layer, and that 45°/135° linear
polishing marks were formed in each stripe of the stripe
pattern in the surfaces of the first and second layers and, in
conformity with the polishing marks, the optical axes of the
liquid crystal were aligned precisely in 45°/135° directions.

Second Embodiment

[0298] A second embodiment will now be described with
reference to a first mode (first aspect) and a second mode
(second aspect).

A. First Mode (First Aspect)

[0299] In a mold for a patterned alignment film for three-
dimensional display in the first mode, first-layer fine linear
three-dimensional structures are formed in a direction differ-
ent from that of second-layer fine linear three-dimensional
structures.

[0300] A method for producing a mold in the first mode
includes: afirst layer preparation step of preparing a first layer
composed of a metal material or an inorganic material; a first
three-dimensional structure forming step of forming first fine
linear three-dimensional structures in the surface of the first
layer in an approximately constant direction; a resist forming
step of forming a resist in a parallel stripe pattern on the
surface of the first layer after the first three-dimensional struc-
ture forming step; a second layer forming step of forming a
second layer, composed of a metal material or an inorganic
material, in a parallel stripe pattern on the surface of the first
layer that remains exposed after the resist forming step; a
protective layer forming step of forming a protective layer,
composed of a resist material, on the surface of the first layer;
a second three-dimensional structure forming step of forming
second fine linear three-dimensional structures in the surface
of the second layer in an approximately constant direction
different from the direction in which the first three-dimen-
sional structures are formed; and a removing step of removing
the protective layer.

[0301] The method for producing a mold in the first mode
will now be described with reference to the relevant drawings.
FIGS. 18(a) through 18(g) show a process chart illustrating
an exemplary method for producing a mold in the first mode.
First, in the first layer preparation step, an underlayer 1' is
prepared and a first layer 1, composed of a metal material or
an inorganic material, is formed on the underlayer 1' (FIG.
18(a)). Next, in the first three-dimensional structure forming
step, the surface of the first layer 1 is subjected to cutting or
roll pressing to form first fine linear three-dimensional struc-
tures 11 in an approximately constant direction (FIG. 18(5)).
Next, in the resist forming step, a resist material is applied
onto the surface of the first layer, in which the first three-
dimensional structures have been formed, to form a resist film
onthe surface. The resist film is then exposed (not shown) e.g.
by laser lithography in a parallel stripe pattern to form a resist
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2 in a parallel stripe pattern on the surface of the first layer 1
(FIG.18(c)). Next, in the second layer forming step, a second
layer 3 is formed on the exposed surface of the first layer 1 and
on the surface of the resist 2 (FIG. 18(d)). Next, in the pro-
tective layer forming step, the laminate of the resist 2 and the
overlying second layer 3 is subjected to rough polishing to
form a protective layer 4, composed of a resist material, on the
surface of the first layer 1 (FIG. 18(e)). Next, in the second
three-dimensional structure forming step, the surface of the
second layer 3 is subjected to the same machining as in the
first three-dimensional structure forming step, thereby form-
ing second fine linear three-dimensional structures 31 in an
approximately constant direction which is different from the
direction in which the first three-dimensional structures 11
are formed (FIG. 18(f)). Next, in the removing step, the pro-
tective layer 4 on the first layer 1 is removed (FIG. 18(g)).
According to the method for producing a mold in the first
mode of this embodiment, a mold 50 can thus be produced
through the above process steps.

[0302] FIGS. 19(a) through 19(d) show a process chart
illustrating another exemplary method for producing a mold
in the first mode. In the first layer preparation step in the first
mode, it is also possible to prepare and use a single layer, such
as a metal substrate, as a first layer 1 as shown in FIGS. 19(a)
through 19(d). Further, the protective layer forming step in
the first mode may be performed in the following manner: the
laminate of the resist 2 and the parts of the second layer 3
overlying the resist 2 are removed as shown in FIGS. 19(a)
and 19(5), and then a second resist 22 is formed such that it
covers the firstlayer 1 and the second layer 3 as shown in FIG.
19(c), followed by rough polishing of the second resist 22 to
form a protective film 4 on the first layer 1 as shown in FIG.
19(d). The rough polishing of the second resist 22 is per-
formed to such an extent as to expose the surface ofthe second
layer 3.

[0303] The first three-dimensional structure forming step,
the resist forming step, the second layer forming step, the
second three-dimensional structure forming step and the
removing step can be performed in the same manner as the
steps described above with reference to FIGS. 18(6) through
18(d), 18(f) and 18(g), and therefore a diagrammatic illustra-
tion and a description thereof are omitted.

[0304] The production method in the first mode of the sec-
ond embodiment can produce the same mold 50 as that pro-
duced by the production method in the first mode of the first
embodiment, described above with reference to FIGS. 3, 4
and 6. The use of the mold 50 produced can produce the same
alignment film and the same patterned retardation film as
those of the first mode of the first embodiment, described
above with reference to FIG. 5.

[0305] According to this embodiment, the protective layer
is formed in the protective layer forming step in those areas
where the second layer is not formed, i.e. in those areas where
the first layer is exposed. The protective layer can protect the
first three-dimensional structures formed in the surface of the
first layer and enables efficient formation of the second three-
dimensional structures in the second layer. It therefore
becomes possible to form the fine linear three-dimensional
structures in the surfaces of the first and second layers easily
and with high accuracy. The use of the thus-produced mold
can produce a high-quality patterned retardation film for
three-dimensional display (hereinafter sometimes referred to
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simply as “patterned alignment film”) which, when used in a
three-dimensional display device, is unlikely to cause poor
alignment.

[0306] The respective steps of the method for producing a
mold in this embodiment will now be described.

1. First Layer Preparation Step (First Layer Forming Step)

[0307] The first layer preparation step is the step of prepar-
ing the first layer composed of a metal material or an inor-
ganic material. This step can be performed in the same man-
ner as that described above under the heading “1. First layer
forming step (first layer preparation step)” with reference to
the first mode of the first embodiment.

2. First Three-Dimensional Structure Forming Step

[0308] The first three-dimensional structure forming step in
the first mode of this embodiment is the step of forming first
fine linear three-dimensional structures in the surface of the
first layer in an approximately constant direction. This step
can be performed in the same manner as that described above
under the heading “2. First three-dimensional structure form-
ing step” with reference to the first mode of the first embodi-
ment.

3. Resist Forming Step

[0309] The resist forming step in this embodiment is the
step of forming a resist in a parallel stripe pattern on the
surface of the first layer after the formation of the first three-
dimensional structures.

(1) Resist Pattern Profile

[0310] In the mold 50 produced by the method of this
embodiment, the direction in which the resist pattern is
formed in this step and the profile of the resist pattern deter-
mine the direction in which the second layer is formed, and
the width W1' of the first layer and the width W2' of the
second layer of the mold 50. The foregoing description under
the heading “5. Resist forming step”, given with reference to
the first mode of the first embodiment, holds true for the
direction in which the resist pattern is formed in this step and
the profile of the resist pattern.

(2) Resist Structure

[0311] The thickness of the resist formed in this step is not
particularly limited as long as the second layer can be formed
in a desired parallel stripe pattern in the below-described
second layer forming step. In the case where in the below-
described protective layer forming step a protective layer is
formed by rough polishing of the laminate ofthe resist and the
part of the second layer overlying the resist, the resist formed
in this step is preferably thicker than the second film formed
in the below-described second layer forming step. The thick-
ness of the resist is preferably in the range of 0.1 pm to 200
um, more preferably in the range of 0.1 um to 50 um, still
more preferably in the range of 0.1 um to 10 pm, most pref-
erably in the range of 3 um to 5 pm.

(3) Resist Material and Resist Forming Method

[0312] Any resist material can be used in this step as long as
the resist can be removed after the second layer is formed as
described below. Either a positive resist material (a light-
irradiated portion will dissolve) or a negative resist material (a
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light-irradiated portion will be hardened) may be used. A
chemically-amplified resist based on a novolac resin, for
example, can be used as the positive resist material. The
negative resist material may be exemplified by a chemically-
amplified resist based on a crosslinked resin, for example, a
chemically-amplified resist prepared by adding a crosslink-
ing agent and an acid generator to polyvinyl phenol.

4. Second Layer Forming Step

[0313] The second layer forming step in the first mode of
this embodiment is the step of forming the second layer,
composed of a metal material or an inorganic material, in a
parallel strip pattern on the surface of the first layer that
remains exposed after the resist forming step. The foregoing
description under the heading “2. Second layer forming step”,
given with reference to the first mode of the first embodiment,
holds true for the material for the second layer, the thickness
of'the second layer, the method for forming the second layer,
etc.

[0314] When the second layer is formed by using dry plat-
ing in this step, the second layer is generally formed in a
continuous manner, and therefore the second layer is formed
on the first layer and on the surface of the resist. On the other
hand, when the second layer of a metal material is formed by
using wet plating in this step, the first layer should be com-
posed of a metal. When using wet plating in this step, it is
possible to form the second layer only on the exposed surface
of the first layer without forming the second layer on the
surface of the resist.

5. Protective Layer Forming Step

[0315] The protective layer forming step in the first mode of
this embodiment is the step of forming the protective layer,
composed of a resist material, on the surface of the first layer.
[0316] Two methods for forming the protective layer can be
used in this step: a method (first method) in which the lami-
nate of the resist and the overlying second layer (the part of
the second layer overlying the resist), formed in the second
layer forming step, is subjected to rough polishing, thereby
forming the protective layer on the first layer; and a method
(second method) in which after removing the laminate of the
resist and the overlying second layer (the part of the second
layer overlying the resist), a second resist is formed such that
it covers the first layer and the second layer, and then the
second resist is subjected to rough polishing, thereby forming
the protective layer on the first layer. The two methods will
now be described in more detail.

(1) First Method

[0317] The first method to form the protective layer com-
prises roughly polishing the laminate of the resist and the
overlying second layer (hereinafter sometimes referred to
simply as “laminate”), formed in the second layer forming
step, to form the protective layer on the first layer.

[0318] The expression “roughly polishing the laminate to
form the protective layer” herein refers to polishing the lami-
nate to remove the second layer and polish the resist to such a
thickness as to be still capable of protecting the surface of the
first layer and not to prevent the formation of the second
three-dimensional structures in the surface of the second
layer in the below-described second three-dimensional struc-
ture forming step, thereby forming the protective layer.
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[0319] The first method can thus form the protective layer
with the use of the laminate, making it possible to reduce the
production cost and simplify the production process.

[0320] Any method can be used to polish the laminate if it
can produce the protective layer which can protect those areas
of'the first layer where the second layer is not formed, which
causes no scratches or the like on the surface of the second
layer, and which does not prevent the formation of the
intended second three-dimensional structures in the surface
of the second layer in the below-described second three-
dimensional structure forming step. Examples of usable pol-
ishing methods include paper polishing, sandblasting, rub-
bing, abrasive polishing, buffing, vertical polishing,
electrolytic polishing, lap polishing, etc.

[0321] The thickness of the protective layer formed by the
first method is not particularly limited as long as the protec-
tive film can protect the first layer, causes no scratches or the
like on the surface of the second layer, and does not prevent
the formation of the intended second three-dimensional struc-
tures in the surface of the second layer in the below-described
second three-dimensional structure forming step; however,
the protective layer generally has approximately the same
thickness as the second layer. Thus, the thickness of the
protective layer is preferably in the range of 10 nm to 5 um,
more preferably in the range of S0 nmto 1 pm. Ifthe thickness
of the protective layer is less than the above range, scratches
can be produced on the surface of the second layer during
machining to form the protective layer. On the other hand, if
the thickness of the protective layer exceeds the above range,
it is possible that the protective film may impede machining to
form the second three-dimensional structures in the surface of
the second layer in the below-described second three-dimen-
sional structure forming step.

[0322] After forming the protective layer by the rough pol-
ishing of the laminate, the method of this embodiment may
further includes the step of cleaning the surface of the second
layer e.g. with an organic alkaline solution to remove the
resist, polishing debris, etc. remaining on the surface of the
second layer. This makes it possible to form the second three-
dimensional structures in the surface of the second layer with
high accuracy in the below-described second three-dimen-
sional structure forming step.

(2) Second Method

[0323] The second method to form the protective layer
comprises removing the laminate, subsequently forming a
second resist such that it covers the first layer and the second
layer, and roughly polishing the second resist to form the
protective layer on the first layer.

[0324] The expression “roughly polishing the second resist
to form the protective layer” herein refers to polishing the
second resist to such an extent as to be still capable of pro-
tecting the surface of the first layer and to expose the second
layer without causing damage to the surface of the second
layer, thereby forming the protective layer.

[0325] Because in the second method the protective layer is
formed by removing the laminate, forming the second resist
and roughly polishing the second resist, no metal material or
inorganic material is contained in polishing debris. The sec-
ond method can therefore reduce scratches on the surface of
the second layer due to contact of polishing debris with the
surface of the second layer. It therefore becomes possible to
form the second three-dimensional structures with higher
accuracy in the surface of the second layer. Accordingly, the
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use of the mold, produced by the method of this embodiment,
can produce a patterned alignment film for three-dimensional
display which is less likely to cause poor alignment.

[0326] A common resist removing method can be used to
remove the laminate in the second method. For example,
ashing by oxygen plasma treatment or cleaning with an
organic alkaline solution may be used. Of these, cleaning with
an organic alkaline solution is preferred in this embodiment.
[0327] With reference to the resist material for the second
resist, the same material as that described above under the
heading “3. Resist forming step” can be used, and therefore a
description thereof is omitted.

[0328] The second resist is formed by applying the resist
material such that it covers the first layer and the second layer.
The resist material can be applied in the same manner as that
described above under the heading ““3. Resist forming step”,
and therefore a description thereof is omitted.

[0329] The thickness of the second resist is not particularly
limited as long as the protective layer having a desired thick-
ness can be formed by roughly polishing the second resist,
and may be determined arbitrarily depending on the thickness
of the second layer, etc.

[0330] A method for polishing the second resist, to be used
in the second method, and the thickness ofthe protective layer
formed by the second method may be the same as the method
for polishing the laminate of the second layer and the resist,
and the thickness of the protective layer, described above
under the heading “(1) First method”, and therefore a descrip-
tion thereof is omitted.

(3) Other Method

[0331] Other methods may be used in the protective layer
forming step of this embodiment. For example, when wet
plating is used in the second layer forming step, and the
second layer is not formed on the surface of the resist but
formed only on the exposed surface of the first layer, the
protective layer may be formed by roughly polishing the
resist. In this case the resist, which is to pattern the second
layer, can be used as a protective layer. This method also has
the advantage that no metal material or inorganic material is
contained in polishing debris.

[0332] A method for polishing the resist, to be used in this
method, the thickness of the protective layer formed by this
method, etc. may be the same as those described above under
the heading “(1) First method”, and therefore a description
thereof is omitted.

6. Second Three-Dimensional Structure Forming Step

[0333] The second three-dimensional structure forming
step in the first mode of this embodiment is the step of form-
ing second fine linear three-dimensional structures in the
surface of the second layer in an approximately constant
direction which is different from the direction in which the
first three-dimensional structures are formed.

(1) Second Three-Dimensional Structures

[0334] The second three-dimensional structures formed in
this step will now be described. The second fine linear three-
dimensional structures are formed in the surface ofthe second
layer in an approximately constant direction which is differ-
ent from the direction in which the first three-dimensional
structures are formed.
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[0335] The direction in which the second three-dimen-
sional structures are formed is not particularly limited as long
as it differs from the direction in which the first three-dimen-
sional structures are formed. The foregoing description under
the heading “4. Second three-dimensional structure forming
step”, given with reference to the first embodiment, holds true
for the direction in which the second three-dimensional struc-
tures are formed.

[0336] The second three-dimensional structures are not
particularly limited if the use of the mold can produce a
pattered alignment film which is capable of producing a high-
quality patterned retardation film. The foregoing description
under the heading “4. Second three-dimensional structure
forming step”, given with reference to the first embodiment,
holds true for the second three-dimensional structures.

(2) Method for Forming the Second Three-Dimensional
Structures

[0337] The second three-dimensional structures can be
formed by the same method as that described above with
reference to the first three-dimensional structures, and there-
fore a description thereof is omitted. Further, the method for
forming the second three-dimensional structures, described
above with reference to the first embodiment, can be used to
form the second three-dimensional structures.

7. Removing Step

[0338] The removing step in this embodiment is the step of
removing the protective layer.

[0339] A common resist removing method can be used to
remove the protective film in this step. For example, the
exemplary methods for removing the laminate, described
above with reference to the second method to be used in the
protective layer forming step, can be used in this step.

8. Other Steps

[0340] The method for producing a mold in this embodi-
ment comprises the above-described steps. As described
aboveunder the heading “8. Other steps” with reference to the
first mode of the first embodiment, the method of this embodi-
ment may optionally include other step(s).

B. Second Mode (Second Aspect)

[0341] A method for producing a mold in the second mode
includes: a first layer forming step of forming a first layer
composed of a metal material or an inorganic material; a first
three-dimensional structure forming step of forming first fine
linear three-dimensional structures in the surface of the first
layer in an approximately constant direction; a resist forming
step of forming a resist in a parallel stripe pattern on the
surface of the first layer after the first three-dimensional struc-
ture forming step; a second layer forming step of forming a
second layer, composed of a metal material or an inorganic
material, in a parallel stripe pattern on the surface of the first
layer that remains exposed after the resist forming step; a
protective layer forming step of forming a protective layer,
composed of a resist material, on the surface of the first layer;
a second three-dimensional structure forming step of forming
second fine linear three-dimensional structures in the surface
of the second layer in an approximately constant direction
which is the same as the direction in which the first three-
dimensional structures are formed; and a removing step of
removing the protective layer.
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[0342] The production method in the second mode of the
second embodiment can produce the same mold 50 as that
produced by the production method in the second mode of the
first embodiment, described above with reference to FIGS. 2,
13 and 14. The use of the mold 50 produced can produce the
same alignment film and the same patterned retardation film
as those of the second mode of the first embodiment,
described above with reference to FIG. 15.

[0343] The method for producing a mold in the second
embodiment can be performed by the same process as that
described above with reference to FIGS. 18(a) through 18(g),
and therefore a description thereof is omitted.

[0344] As with the first mode of this embodiment, the pro-
tective layer is formed in the protective layer forming step in
those areas where the second layer is not formed, i.e. in those
areas where the first layer is exposed. The protective layer can
protect the first three-dimensional structures formed in the
surface of the first layer and enables efficient formation of the
second three-dimensional structures in the second layer. It
therefore becomes possible to form the fine linear three-
dimensional structures in the surfaces of the first and second
layers easily and with high accuracy. The use of the thus-
produced mold can produce a high-quality patterned retarda-
tion film which, when used in a three-dimensional display
device, is unlikely to cause poor alignment.

[0345] The method for producing a mold in the second
mode of this embodiment differs from the first mode of this
embodiment in the direction in which the fine linear three-
dimensional structures are formed in the second three-dimen-
sional structure forming step. Further, the thicknesses of the
first layer and the second layer can be set different from those
in the first mode of this embodiment. The relevant description
given above with reference to the second mode of the first
embodiment holds true for the direction of the second three-
dimensional structures and the thicknesses of the first layer
and the second layer in the second mode of this embodiment.
[0346] On the other hand, with reference to the first layer
preparation step, the first three-dimensional structure form-
ing step, the resist forming step, the protective layer forming
step, the removing step, and other step(s) in the second mode
of'this embodiment, these steps can be performed in the same
manner as in the first mode of this embodiment.

C. Other Mode (Other Aspect)

[0347] The mold produced by the mold production method
in the first mode of this embodiment is used to produce a
patterned alignment film which produces a patterned retarda-
tion film having a pattern of first retardation regions and
second retardation regions, whose retardation values differ
from each other due to different alignment directions of a
rod-like compound contained in the retardation layer. On the
other hand, the mold produced by the mold production
method in the second mode of this embodiment is used to
produce a patterned alignment film which produces a pat-
terned retardation film having a pattern of first retardation
regions and second retardation regions, whose retardation
values differ from each other due to a difference in the thick-
ness between the first retardation regions and the second
retardation regions.

[0348] A method for producing a mold in another mode of
this embodiment may be a method for producing a mold
capable of producing a patterned alignment film which pro-
duces a patterned retardation film having first retardation
regions and second retardation regions, whose retardation

Mar. 27, 2014

values differ from each other due to different alignment direc-
tions of a rod-like compound contained in the retardation
layer and to a difference in the thickness between the first
retardation regions and the second retardation regions. The
method for producing such a mold may include a second layer
forming step which is performed in the same manner as the
above-described second layer forming step in the second
mode of this embodiment, and a second three-dimensional
structure forming step which is performed in the same man-
ner as the above-described second three-dimensional struc-
ture forming step in the first mode of this embodiment.

D. Other Features

[0349] The mold produced by the method according to the
present invention has recessed portions (first layer) and raised
portions (second layer), formed in a stripe pattern, and has
fine linear three-dimensional structures formed in the surface
in an approximately constant direction.

[0350] The mold is used to produce a patterned alignment
film for three-dimensional display which is to be used for a
patterned retardation film for three-dimensional display.
More specifically, the mold is used to produce a patterned
alignment film for three-dimensional display, having first
alignment regions (raised portions) and second alignment
regions (recessed portions) each having fine linear three-
dimensional structures formed in the surface, by transferring
the corresponding fine linear three-dimensional structures of
the mold to an alignment film-forming layer composed of a
resin composition.

[0351] The above-described embodiment is not intended to
limit the present invention. Any technical idea or concept that
is substantially the same as the inventive concept as expressed
herein should be construed to fall within the scope of the
present invention.

Example of the Second Embodiment

[0352] The following example illustrates the present inven-
tion in greater detail.

Example

[0353] The first layer forming step was performed in the
following manner. First, an underlayer was prepared as fol-
lows: Machining of an aluminum pipe having a diameter of
300 mm and a length of 1260 mm was carried out to produce
amold. A series 5000 aluminum material was used in this test
for the aluminum pipe because of good machinability of the
material, though the use of a softer series 1000 aluminum
material was also possible. After flattening the surface of the
aluminum pipe by means of a lathe, the surface of the alumi-
num pipe was subjected to copper electroplating to form a
copper plating film having a thickness of 200 um to 300 pm as
an underlayer. Thereafter, the surface of the underlayer was
subjected to abrasive polishing for centering of the pipe and
imparting smoothness to the surface. Next, the surface of the
underlayer was subjected to nickel plating to form a nickel
plating film having a thickness of about 5 um. The nickel layer
was formed in order for scratches, produced on the surface of
the underlayer by the abrasive polishing, to be buried in the
nickel layer. It is to be noted in this regard that if the scratches
are not buried, the scratches could cause alignment of e.g. a
liquid crystal in an alignment film produced by the use of the
mold. A Cr plating film may be used instead of the Ni plating
film. However, some Cr plating films have micro-cracks; it is
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necessary to select a Cr plating film having no micro-cracks.
Though wet plating was used to form a film in this test, it is
possible to form a film by dry plating. However, the use of wet
plating is preferred because a film is preferably formed thick
in order to bury therein scratches on the surface of the under-
layer which were produced upon abrasive polishing.

[0354] Next, a first layer was formed in the following man-
ner: A DLC (diamond-like carbon) film as a first layer, having
athickness of about 2 pm, was formed by plasma CVD on the
nickel plating layer. The first layer may be formed not by
CVD but by PVD. While the first layer is preferably thick
from the viewpoint of the hardness of the layer, it is possible
to use a film as thin as 0.1 um.

[0355] Next, the workpiece was subjected to a first three-
dimensional structure forming step: The entire surface of the
DLC film was polished at a polishing angle of 45 degrees by
using a paper polishing machine manufactured by Think
Laboratory Co., Ltd. The polishing angle was inputted into
the paper polishing machine, and scratches were produced in
the surface of the DL.C film in a 45-degree direction. The
45-degree scratches can be produced by setting the movement
speed of the polishing head equal to the rotational speed of the
cylinder.

[0356] A diamond film No. 20000 (model number: LDF
#20000), manufactured by Sankyo Rikagaku Co., [td., was
used as a polishing film in the polishing. The use of a diamond
film is because of the high hardness (Hv 1100-2500) of DL.C:
if an alumina film, a common polishing member, is used, the
polishing member itself will be ground and the polishing
member will produce broadened polishing scratches, which
would cause poor alignment.

[0357] After completion of the 45-degree direction polish-
ing, the surface of the workpiece was cleaned e.g. with a
solvent. Though the cleaning is optional, it is preferred to
perform the cleaning in order to remove polishing debris,
abrasive particles, etc. adhering to the workpiece surface.

[0358] The workpiece after the cleaning was subjected to a
resist forming step. This step was performed by using a
lithography apparatus manufactured by Think Laboratory
Co., Ltd. First, the entire surface of the workpiece was coated
with a resist having an appropriate thickness (about 3 pmto 5
um), followed by drying at room temperature. The resist
coating can be dried more quickly by drying it at a higher
temperature. However, the use of a higher drying temperature
may cause contraction of the resist and expansion of the
aluminum pipe. It is therefore preferred to perform the drying
at room temperature. A negative resist, manufactured by
Think Laboratory Co., Ltd., was used as the resist. In this
regard, a positive resist is weak against heat and can cause
removing, thermal deformation, etc. during the below-de-
scribed formation of a DLC film as a second layer, performed
at a high temperature. The use of a negative resist is therefore
preferred. After the formation of the resist, the resist was
subjected to lithography with a laser having an adjusted wave-
length to expose the resist, followed by development to form
a parallel stripe pattern of resist films.

[0359] In the subsequent second layer forming step, the
patterned surface of the workpiece was subjected to dry plat-
ing to form a DLC film, having a thickness of about 0.1 pm,
as a second layer. Instead of DLC, it is possible to use other
hard film materials for the second layer. The DLC film is
preferably as thin as possible, e.g. on the order of 0.1 um to 1
pm.
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[0360] Next, the workpiece was subjected to a protective
film forming step: The patterned resist was polished until it
reached the same level as the tops of the DLC films lying in
the non-resist areas of the stripe pattern. The surfaces of the
resist films were thus made flush with the surfaces of the DLC
films. A protective layer for the first layer, consisting of the
resist films, was thus formed.

[0361] Next, the workpiece was subjected to a second
three-dimensional structure forming step: The surfaces of the
resist films (protective layer) and the DLC films (second
layer) were polished in a 45-degree direction. The polishing
may be performed under similar polishing conditions to those
for polishing of the DLC film (first layer); however, the pol-
ishing pressure in the second-layer polishing is preferably set
lower than, e.g. one half the level of, the pressure in the
first-layer polishing. This is because the DLC films as the
second layer are formed in a pattern, and the polishing
amount of the patterned second layer is smaller, e.g. one half
the level of, the polishing amount of the non-patterned DL.C
film as the first layer. Thus, a lower linear pressure is required
for the second-layer polishing.

[0362] Next, the workpiece was subjected to a removing
step: After completion of the second-layer polishing, the pat-
terned resist was removed by using, as a removing solution, a
mixed solution of MEK, IPA and methanol. An alkaline
removing solution may be used instead of the mixed solution.
By removing the resist, a mold was produced having the
first-layer DLC pattern and the second-layer DLC pattern,
formed alternately on the mold surface, and having 45°/135°
polishing marks formed in the mold surface.

[Evaluation]

[0363] The shape of the surface of the mold, produced in
the example, was transferred to an ultraviolet curable resin on
a substrate film having no retardation, such as a TAC film, a
COP film (Zeonor) or an acrylic film. Thereafter, an ultravio-
let curable liquid crystal, available from Merck, was applied
onto the shaped rein by spin coating to form a retardation
layer whose thickness was adjusted to have a retardation
value of 125 nm, thereby producing a patterned retardation
film.

[0364] As aresult of evaluation of the patterned retardation
film, it was confirmed that because of the presence of the
resist protective film, only the second layer can be polished,
without re-polishing polishing scratches on the first layer,
during polishing of the second layer, and that 45°/135° linear
polishing marks were formed in each stripe of the stripe
pattern in the surfaces of the first and second layers and, in
conformity with the polishing marks, the optical axes of the
liquid crystal were aligned precisely in 45°/135° directions.

Third Embodiment

[0365] A third embodiment will now be described with
reference to a first mode (first aspect) and a second mode
(second aspect).

A. First Mode (First Aspect)

[0366] In a mold for a patterned alignment film for three-
dimensional display in the first mode, first-layer fine linear
three-dimensional structures are formed in a direction differ-
ent from that of second-layer fine linear three-dimensional
structures.
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[0367] A method for producing a mold in the first mode
includes: a first layer forming step of forming a first layer
composed of a metal; a first three-dimensional structure
forming step of forming fine linear three-dimensional struc-
tures in the surface of the first layer in an approximately
constant direction; a resist forming step of forming a resist in
aparallel stripe pattern on the surface of the first layer after the
first three-dimensional structure forming step; a second layer
forming step of forming a second layer, composed of an
inorganic material, by performing dry plating of a surface of
the resist and the exposed surface of the first layer after the
resist forming step; a removing step of removing the resist
and the second layer formed on the surface of the resist; a
protective layer forming step of forming a protective layer by
performing wet plating of the exposed surface of the first
layer after the removing step; a second three-dimensional
structure forming step of forming fine linear three-dimen-
sional structures in the surface of the second layer in an
approximately constant direction different from the direction
in which the first-layer three-dimensional structures are
formed; and a removing step of removing the protective layer.

[0368] The method for producing a mold for a patterned
alignment film for three-dimensional display in the first mode
will now be described with reference to FIG. 20. FIG. 20 is a
process chart illustrating an exemplary method for producing
a mold for a patterned alignment film for three-dimensional
display. First, as illustrated in FIG. 20, a metal substrate is
prepared and a first layer 1, consisting of a single layer or a
multiple layers, is formed (FIG. 20(a)). Next, the entire sur-
face of'the first layer 1 is subjected to cutting or roll pressing
to form fine linear three-dimensional structures 11 in the
surface in an approximately constant direction, thereby form-
ing the first layer 1 having the fine linear three-dimensional
structures 11 (FIG. 20(b)). Thereafter, a resist material is
applied onto the surface of the first layer 1, in which the fine
linear three-dimensional structures 11 are formed, to form a
resist film on the surface. The resist film is then exposed e.g.
by laser lithography in a parallel stripe pattern to form a resist
2 in a parallel stripe pattern on the surface of the first layer 1
(FIG. 20(c)). Next, the entire surface of the first layer 1 that
remains exposed after the formation of the resist 2 is sub-
jected to dry plating to form a second layer 3 (35) composed
of an inorganic material (FIG. 20(d)). Though the second
layer 3 (3a) is formed by dry plating also on the resist 2, the
part of the second layer 3 (3a) on the resist 2 is removed,
together with the resist 2, in the next removing step (FIG.
20(e)). Next, the part of the surface of the first layer 1, which
has been exposed by the removing of the resist 2 from the first
layer 1, is subjected to wet plating to form a protective layer
4 adjacent to the second layer 3 (FIG. 20(f)). Next, the entire
surface of the second layer 3 is subjected to cutting or roll
pressing to form fine linear three-dimensional structures 31 in
the surface in a direction which is different from that of the
fine linear three-dimensional structures 11 formed in the first
three-dimensional structure forming step (FIG. 20(g)). The
protective layer 4 is to protect the fine linear three-dimen-
sional structures 11 of the surface of the first layer 1. Thus,
when forming the fine linear three-dimensional structures 31
in the surface of the second layer 3, the fine linear three-
dimensional structures 31 are permitted to be formed also in
the surface of the protective layer 4. Finally, the protective
layer 4 is removed from the first layer 1 to obtain a mold 50 for
a patterned alignment film for three-dimensional display
according to the present invention (FIG. 20(4%)).
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[0369] FIG. 20(a) illustrates the first layer forming step,
FIG. 20() the first three-dimensional structure forming step,
FIG. 20(c) the resist forming step, FIG. 20(d) the second layer
forming step, FIG. 20(e) the resist forming step, FIG. 20(f) the
resist removing step, FIG. 20(g) the second three-dimen-
sional structure forming step, and FIG. 20(%) the protective
layer removing step.

[0370] The production method in the first mode of the third
embodiment can produce the same mold 50 as that produced
by the production method in the first mode of the first embodi-
ment, described above with reference to FIGS. 3,4 and 6. The
use of the mold 50 produced can produce the same alignment
film and the same patterned retardation film as those of the
first mode of the first embodiment, described above with
reference to FIG. 5.

[0371] According to this embodiment, the protective layer
is formed in the protective layer forming step in those areas
where the second layer is not formed, i.e. in those areas where
the first layer is exposed. When forming the second-layer fine
linear three-dimensional structures, whose longitudinal
direction differs from that of the first-layer fine linear three-
dimensional structures, in the surface of the second layer in
the second three-dimensional structure forming step, the pro-
tective layer can protect the first-layer fine linear three-di-
mensional structures from being damaged. The protective
layer therefore enables efficient formation of the second-
layer three-dimensional structures in the surface of the sec-
ond layer. Thus, it becomes possible to form the second-layer
fine linear three-dimensional structures easily and with high
accuracy, without affecting the first-layer fine linear three-
dimensional structures.

[0372] The protective layer is formed by performing wet
plating of the exposed surface of the first layer after the resist
forming step. The protective layer can therefore be formed
selectively only on the surface of the first layer composed of
a metal and, in addition, the thickness of the protective layer
can be easily adjusted. The protective layer, formed adjacent
to the second layer, may be made thinner than the second
layer so as to facilitate the formation of the second-layer fine
linear three-dimensional structures in the second three-di-
mensional structure forming step.

[0373] The use of such a mold, having fine linear three-
dimensional structures formed in different directions in the
surfaces of the first and second layers, can produce an align-
ment film having fine linear three-dimensional structures in
the surface of each first alignment region and also having fine
linear three-dimensional structures in the surface of each
second alignment region, the pattern structures being formed
in different directions. Such an alignment film constitutes a
patterned retardation film and functions to align a rod-like
compound contained in the retardation layer. Thus, when an
alignment film is produced by using a mold for a patterned
alignment film for three-dimensional display according to the
present invention, the fine linear three-dimensional struc-
tures, formed in different directions in the first alignment
regions and in the second alignment regions, of the alignment
film can regulate the alignment of a rod-like compound con-
tained in the retardation layer of a patterned retardation film
including the alignment film. Thus, because of the difference
in the direction between the fine linear three-dimensional
structures formed in the surface of the first layer and the fine
linear three-dimensional structures formed in the surface of
the second layer in the mold in the first mode of this embodi-
ment, analignment film can be produced which has fine linear
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three-dimensional structures in each first alignment region
and also has fine linear three-dimensional structures, formed
in a different direction, in each second alignment region. The
use of the alignment film can produce a patterned retardation
film which exhibits retardation values that differ by a value
corresponding to the difference in the direction between the
fine linear three-dimensional structures of the first and second
alignment regions.

[0374] A conventional patterned retardation film has the
problem of disorder in the alignment direction of a rod-like
compound at the boundary between each first alignment
region and each second alignment region, because the rod-
like compound is aligned in different directions in the first and
second alignment regions. On the other hand, in a mold for a
patterned alignment film for three-dimensional display in the
first mode of this embodiment, the level of the surface of the
first layer differs from the level of the surface of the second
layer, i.e. the thickness of the mold differs between the por-
tions with the second layer and the portions without the sec-
ond layer. Accordingly, an alignment film, in which the level
of the first alignment regions differs from the level of the
second alignment regions, can be obtained. By thus distin-
guishing the boundaries between the first alignment regions
and the second alignment regions, defective alignment of
liquid crystal molecules, which is likely to occur around the
boundaries between the first and second alignment regions,
can be prevented. This can prevent leakage of light from the
boundary areas. It therefore becomes possible to produce a
high-quality alignment film which, when used in a display,
can prevent a lowering of contrast.

[0375] The method for producing a mold for a patterned
alignment film for three-dimensional display in the first mode
includes a first layer forming step, a first three-dimensional
structure forming step, a resist forming step, a second layer
forming step, a resist removing step, a protective layer form-
ing step, a second three-dimensional structure forming step,
and a protective layer removing step.

[0376] The respective steps of the method for producing a
mold for a patterned alignment film for three-dimensional
display in the first mode of this embodiment will now be
described in detail.

1. First Layer Forming Step (First Layer Preparation Step)

[0377] The first layer forming step is the step of forming the
firstlayer 1 composed of ametal, as shown in FIG. 20(a). This
step can be performed in the same manner as that described
above with reference to the first layer forming step or the first
layer preparation step in the first or second embodiment.

2. First Three-Dimensional Structure Forming Step

[0378] The first three-dimensional structure forming step in
the first mode of this embodiment is the step of forming fine
linear three-dimensional structures 11 in the surface of the
first layer 1 in an approximately constant direction, as shown
in FIG. 20(4). This step can be performed in the same manner
as that described above under the heading “2. First three-
dimensional structure forming step” with reference to the first
mode of the first or second embodiment.

3. Resist Forming Step

[0379] The resist forming step in this embodiment is the
step of forming a resist 2 in a parallel stripe pattern on the
surface of the first layer 1 after the first three-dimensional
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structure forming step, as shown in FIG. 20(c). This step can
be performed in the same manner as that described above
under the heading “3. Resist forming step” with reference to
the first mode of the second embodiment.

4. Second Layer Forming Step

[0380] The secondlayer forming step in this embodiment is
the step of forming the second layer 3, composed of an inor-
ganic material, by dry plating after the formation of the resist
2, as shown in FIG. 20(d).

[0381] This step is performed by dry plating in order to
form the second layer, composed of an inorganic material and
having insulating properties, with high accuracy. Specific
examples of dry plating include a physical vapor deposition
method (PVD method) such as vacuum deposition plating,
resistance heating, sputtering or ion plating; and a chemical
vapor deposition method (CVD method) such as atmospheric
pressure thermal CVD, reduced pressure thermal CVD or
plasma CVD. A CVD method is preferably used when DL.C
(diamond-like carbon) is used as a material for the second
layer; the use of a CVD method can control the thickness of
the DLC layer with higher accuracy.

[0382] The inorganic material for the second layer prefer-
ably has insulating properties and enables stable formation of
the second layer on the first layer. When the second layer has
insulating properties, the below-described protective layer
can be formed by wet plating selectively in the non-second
layer areas, i.e. in the areas where the resist has been remov-
ing and the first layer is exposed, in the below-described
protective layer forming step. This makes it possible to form
fine linear three-dimensional structures in the surface of the
second layer in the below-described second three-dimen-
sional structure forming step while protecting the fine linear
three-dimensional structures formed in the surface of the first
layer. Examples of the inorganic material for the second layer
include metal oxides such as titanium oxide (TiO,, Ti;0;),
tantalum oxide (Ta,Os), silicon oxide (SiO, Si0,), tin oxide
(Sn0,), aluminum oxide (Al,0;), chromium oxide (Cr,Oy),
barium titanate (BaTiO;), indium oxide (In,O;) and zinc
oxide (ZnO, Zn0,), carbides such as TiC, SiC, BC and WC,
nitrides such as TiN, SiN, CrN, BN, AIN, CN and ZrN,
barium fluoride (BaF,), magnesium fluoride (MgF,), magne-
sium oxide (MgO), diamond-like carbon (DLC), glassy car-
bon, ceramics, silicon nitride, carbon nitride, etc. Of these,
DLC, carbides such as TiC, SiC, BC and WC, and nitrides
such as TiN, SiN, CrN, BN, AIN, CN and ZrN are preferred;
in particular DL.C and TiN are preferred, and DLC is most
preferred.

[0383] The use of such an inorganic material facilitates the
formation of the second layer on the first layer, and also
facilitates the formation of fine linear three-dimensional
structures in the surface of the second layer.

[0384] The foregoing description, given with reference to
the first mode of the first embodiment or the first mode of the
second embodiment, holds true for the surface smoothness,
the surface roughness, the thickness, etc. of the second layer.

5. Resist Removing Step

[0385] The resist removing step in this embodiment is the
step of removing the resist 2, together with the part of the
second layer 3a, after the formation of the second layers 3a,
35, as shown in FIG. 20(e).
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[0386] A common resist removing method can be used to
remove the resist in the resist removing step. For example,
ashing by oxygen plasma treatment or cleaning with an
organic solvent may be used. In this embodiment, the resist 2
is preferably removed, together with the second layer 3a, by
applying a removing agent (peeling agent), such as an organic
solvent, to the resist. Such a method can remove the resist in
a simple manner. In an exemplary removing method using an
organic solvent, the resist is dissolved and removed by using
a mixed solvent of methyl ethyl ketone (MEK), isopropyl
alcohol (IPA) and methanol.

6. Protective Layer Forming Step

[0387] The protective layer forming step in this embodi-
ment is the step of forming the protective layer 4 by perform-
ing wet plating of the exposed surface of the first layer 1 after
removing the resist 2 together with the second layer 3a, as
shown in FIG. 20(y).

[0388] According to this embodiment, the protective layer
is formed in the protective layer forming step in those areas
where the second layer is not formed, i.e. in those areas where
the first layer is exposed. When forming the second-layer fine
linear three-dimensional structures, whose longitudinal
direction differs from that of the first-layer fine linear three-
dimensional structures, in the surface of the second layer in
the second three-dimensional structure forming step, the pro-
tective layer can protect the first-layer fine linear three-di-
mensional structures from being damaged. The protective
layer therefore enables efficient formation of the second-
layer three-dimensional structures in the surface of the sec-
ond layer. Thus, it becomes possible to form the second-layer
fine linear three-dimensional structures easily and with high
accuracy, without affecting the first-layer fine linear three-
dimensional structures.

[0389] The protective layer is formed by performing wet
plating of the exposed surface of the first layer after the resist
forming step. The protective layer can therefore be formed
selectively only on the surface of the first layer composed of
a metal and, in addition, the thickness of the protective layer
can be easily adjusted. The protective layer, formed adjacent
to the second layer, may be made thinner than the second
layer so as to facilitate the formation of the second-layer fine
linear three-dimensional structures in the second three-di-
mensional structure forming step.

[0390] Any wet plating method can be used to form the
protective layer. Examples of wet plating include electroplat-
ing, electroless plating, molten zinc plating, molten alumi-
num plating, plating with an insoluble anode, etc. Of these,
electroplating is preferred in this step; because the second
layer has insulating properties, the protective layer can be
formed selectively only in those areas where the second layer
is not formed, i.e. in those areas where the first layer is
exposed.

[0391] The thickness of the protective layer is not particu-
larly limited as long as the protective film can protect the fine
linear three-dimensional structures formed in the first layer,
does not prevent the formation of the fine linear three-dimen-
sional structures in the surface of the second layer in the
below-described second three-dimensional structure forming
step and, in addition, can achieve the intended effect. In this
embodiment the protective layer is preferably thinner than the
adjacent second layer. Thus, as shown in FIG. 21, the thick-
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ness S1 of the second layer 3 and the thickness S2 of the
protective layer 4 preferably satisfy the following relation:
S1>S82>0.

[0392] The material for the protective layer is not particu-
larly limited as long as it is capable of wet plating and, in
addition, the protective layer can be removed after the below-
described second three-dimensional structure forming step.
Specific examples of the material include nickel, copper,
aluminum, chromium, stainless steel (SUS), etc.

[0393] The material of the protective layer preferably dif-
fers from the material of the first layer. When the protective
layer and the first layer are made of different materials, and
the first layer has a resistance to an etching solution to be used
in the below-described protective layer removing step, only
the protective layer, formed on the first layer, can be selec-
tively removed without causing a change in the fine linear
three-dimensional structures formed in the surface of the first
layer.

[0394] When the material of the protective layer differs
from the material of the first layer, examples of the combina-
tion of the materials of the protective layer and the first layer
(protective layer/first layer) may include copper/SUS, nickel/
SUS, chromium/SUS, copper/aluminum, nickel/aluminum,
chromium/aluminum, copper/chromium, nickel/chromium,
nickel/copper, chromium/copper, copper/nickel, and chro-
mium/nickel. Of these, nickel/copper, chromium/copper and
chromium/nickel are preferred in this embodiment, and chro-
mium/nickel is especially preferred.

7. Second Three-Dimensional Structure Forming Step

[0395] The second three-dimensional structure forming
step in the first mode of this embodiment is the step of form-
ing fine linear three-dimensional structures 31 in the surfaces
of'the second layer 3 and the protective layer 4, formed on the
first layer 1, as shown in FIG. 20(g). The foregoing descrip-
tion, given with reference to the first mode of the first embodi-
ment or the first mode of the second embodiment, holds true
for the second-layer three-dimensional structures and a
method for forming the second-layer three-dimensional
structures, which is usable in this step.

8. Protective Layer Removing Step

[0396] The protective layer removing step in this embodi-
ment is the step of removing the protective layer 4, which is
formed adjacent to the second layer 3 on the first layer 1 and
which protects the fine linear three-dimensional structures 11
formed in the surface of the first layer 1, from the first layer 1,
as shown in FIG. 20(%).

[0397] Any method can be used to remove the protective
layer if it can selectively remove the protective layer that has
been formed by wet plating of the exposed surface of the first
layer. For example, an etching method using an etching solu-
tion may be used.

[0398] Wetetching may be performed in this step by apply-
ing an etching solution onto the protective layer, or by
immersing the protective layer in an etching solution. The
etching time may be appropriately adjusted based on the
etching rate of the protective layer so as to achieve the
intended etching profile.

[0399] Any etching solution can be used in this step if it can
etch away the protective layer. The type of an etching solution
to be used may differ depending on the material of the pro-
tective layer and on the material of the first layer underlying
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the protective layer. When the material of the first layer is a
chromium-based material and the material of the protective
layer is a titanium-based material, hydrofluoric acid or a
mixed solution of potassium hydroxide and hydrogen perox-
ide can be used as an etching solution. The use of a mixed
solution of potassium hydroxide and hydrogen peroxide is
preferred. When the material of the first layer is a titanium-
based material and the material of the protective layer is a
chromium-based material, a mixed solution of ceric ammo-
nium nitrate and perchioric acid or a mixed solution of sul-
furic acid and phosphoric acid can be used as an etching
solution. The use of a mixed solution of ceric ammonium
nitrate and perchioric acid is preferred. The use of such an
etching solution can selectively remove only the protective
layer, formed on the first layer, without causing a change in
the fine linear three-dimensional structures formed in the
surface of the first layer.

9. Other Steps

[0400] The method for producing a mold in this embodi-
ment comprises the above-described steps. As described
aboveunder the heading “8. Other steps” with reference to the
first mode of the first embodiment, the method ofthis embodi-
ment may optionally include other step(s).

B. Second Mode (Second Aspect)

[0401] In a mold for a patterned alignment film for three-
dimensional display, produced by the method in the second
mode of this embodiment, first-layer fine linear three-dimen-
sional structures and second-layer fine linear three-dimen-
sional structures are formed in the same direction.

[0402] A method for producing a mold in the second mode
includes: a first layer forming step of forming a first layer
composed of a metal; a first three-dimensional structure
forming step of forming fine linear three-dimensional struc-
tures in the surface of the first layer in an approximately
constant direction; a resist forming step of forming a resist in
aparallel stripe pattern on the surface of the first layer after the
first three-dimensional structure forming step; a second layer
forming step of forming a second layer, composed of an
inorganic material, by performing dry plating of the surfaces
of the resist and the part of the exposed first layer after the
resist forming step; a removing step of removing the resist
and the second layer formed on the surface of the resist; a
protective layer forming step of forming a protective layer by
performing wet plating of the exposed surface of the first
layer after the removing step; a second three-dimensional
structure forming step of forming fine linear three-dimen-
sional structures in the surface of the second layer in an
approximately constant direction which is the same as the
direction in which the first-layer three-dimensional structures
are formed; and a removing step of removing the protective
layer.

[0403] The method for producing a mold for a patterned
alignment film for three-dimensional display in the second
mode will now be described with reference to FIG. 20. FIG.
20 is a process chart illustrating an exemplary method for
producing a mold for a patterned alignment film for three-
dimensional display. The mold production method in the
second mode of this embodiment can be performed in the
same manner as that described above with reference to the
first mode, and therefore a detailed description thereof is
omitted. FIG. 20(a) illustrates the first layer forming step,
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FIG. 20() the first three-dimensional structure forming step,
FIG. 20(c) the resist forming step, FIG. 20(d) the second layer
forming step, FIG. 20(e) the resist forming step, FIG. 20(f) the
resist removing step, FIG. 20(g) the second three-dimen-
sional structure forming step, and FIG. 20(%) the protective
layer removing step.

[0404] The method for producing a mold for a patterned
alignment film for three-dimensional display in the second
mode can achieve the same effects as the mold production
method in the first mode.

[0405] The mold production method in the second mode of
the third embodiment can produce the same mold 50 as that
produced by the mold production method in the second mode
of the first embodiment, described above with reference to
FIGS. 2, 13 and 14. The use of the mold 50 produced can
produce the same alignment film and the same patterned
retardation film as those of the second mode of the first
embodiment, described above with reference to FIG. 15.
[0406] The mold production method in the second mode of
this embodiment differs from that in the first mode of this
embodiment in the direction in which the fine linear three-
dimensional structures are formed in the second three-dimen-
sional structure forming step. Further, the thicknesses of the
first layer and the second layer can be set different from those
in the first mode of this embodiment. The relevant description
given above with reference to the second mode of the first
embodiment or the second mode of the second embodiment
holds true for the direction of the second three-dimensional
structures and the thicknesses of the first layer and the second
layer in the second mode of this embodiment. On the other
hand, with reference to the first layer forming step, the first
three-dimensional structure forming step, the resist forming
step, the resist removing step, the protective layer forming
step, the protective layer removing step, and other step(s) in
the second mode of this embodiment, these steps can be
performed in the same manner as in the above-described first
mode of this embodiment.

C. Other Mode (Other Aspect)

[0407] Asinthe first embodiment, in a mold for a patterned
alignment film for three-dimensional display in another
mode, first-layer fine linear three-dimensional structures and
second-layer fine linear three-dimensional structures may be
formed in different directions, and the level of the surface of
the first layer may be different from the level of the surface of
the second layer. The mold production method in this mode
can achieve the same effects as described above under the
heading “C. Other Mode” with reference to the first embodi-
ment.

D. Other Features

[0408] The mold for a patterned alignment film for three-
dimensional display, produced by the method according to
the present invention, has recessed portions (first layer) and
raised portions (second layer), formed in a stripe pattern, and
has fine linear three-dimensional structures formed in the
surface in an approximately constant direction.

[0409] The mold for a patterned alignment film for three-
dimensional display is used to produce a patterned alignment
film for three-dimensional display which is to be used for a
patterned retardation film for three-dimensional display.
More specifically, the mold is used to produce a patterned
alignment film for three-dimensional display, having first
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alignment regions (raised portions) and second alignment
regions (recessed portions) each having fine linear three-
dimensional structures formed in the surface, by transferring
the corresponding fine linear three-dimensional structures of
the mold to an alignment film-forming layer composed of a
resin composition.

[0410] The above description is merely illustrative, and is
not intended to limit the present invention. Any technical idea
or concept that is substantially the same as the inventive
concept as expressed herein should be construed to fall within
the scope of the present invention.

Example of the Third Embodiment

[0411] The following example illustrates the present inven-
tion in greater detail.

Example

First Layer Forming Step

[0412] Machining of an aluminum pipe (series 5000 alumi-
num material) having a diameter of 300 mm and a length of
1260 mm was carried out to produce a mold. After flattening
the aluminum surface by means of a lathe, the aluminum
surface was subjected to copper electroplating to form a cop-
per layer having a thickness of 200 to 300 um as an under-
layer. Thereafter, the surface of the underlayer was subjected
to abrasive polishing to impart smoothness to the surface.
Next, the surface of the underlayer was subjected to nickel
plating to form a nickel layer having a thickness of about 5 um
as a first layer. Scratches that had been produced on the
surface of the underlayer by the abrasive polishing were bur-
ied in the nickel layer formed.

(First Three-Dimensional Structure Forming Step)

[0413] After the formation of the first layer, rubbing of the
surface of the first layer was performed at a polishing angle of
45° by the use of a rubbing cloth YA18R (Yoshikawa Chemi-
cal Co., Ltd.), thereby forming fine linear three-dimensional
structures in the entire surface of the first layer.

(Removal Step)

[0414] After the first three-dimensional structure forming
step, the surface of the first layer, having the fine linear three-
dimensional structures formed therein, was cleaned e.g. with
a solvent to remove polishing debris and abrasive particles
from the surface.

(Resist Forming Step)

[0415] After the removal step, a negative resist material was
applied to the entire surface of the second layer, followed by
drying at room temperature to form a resist coating having an
appropriate thickness (about 3 to 5 um). Thereafter, the resist
coating was subjected to lithography with a laser having an
adjusted wavelength to expose the resist, followed by devel-
opment to form a parallel stripe pattern of resist films.

(Second Layer Forming Step)

[0416] Next, asecond layer of diamond-like carbon (DLC),
having a thickness of 0.1 to 1 um, was formed by dry plating
on the surface of the first layer.
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(Resist Removing Step)

[0417] Next, the resist was dissolved and removed from the
surface of the first layer by using a mixed solution of methyl
ethyl ketone (MEK), isopropyl alcohol (IPA) and methanol.

(Protective Layer Forming Step)

[0418] After the resist removing step, the exposed surface
of'the first layer was subjected to chromium electroplating, a
wet plating treatment, to form a chromium layer having a
smaller thickness than the adjacent second layer.

(Second Three-Dimensional Structure Forming Step)

[0419] After the protective layer forming step, the surface
of'the mold workpiece was subjected to paper polishing with
a diamond film to form fine linear three-dimensional struc-
tures in the surface of the second layer in a direction which
differs by 90 degrees from the direction in which the fine
linear three-dimensional structures are formed in the surface
of'the first layer.

(Protective Layer Removing Step)

[0420] After the second three-dimensional structure form-
ing step, only the protective layer of chromium was peeled off
and removed with an etching solution. The etching solution
was one that can selectively remove only the protective layer
(chromium layer) without causing a change in the fine linear
three-dimensional structures of the surface of the first layer
(nickel layer).

[0421] Inthis manner was produced a mold for a patterned
alignment film for three-dimensional display, having the first
layer and the second layer arranged alternately in a parallel
stripe pattern and having the first-layer and second-layer fine
linear three-dimensional structures formed in the surface of
the first layer and the surface of the second layer in 45°/135°
directions.

[Evaluation]

(Production of Patterned Retardation Film)

[0422] The shape of the surface of the mold for a patterned
alignment film for three-dimensional display according to the
present invention, produced in the example, was transferred
to an ultraviolet curable resin on a substrate film having no
retardation. Thereafter, an ultraviolet curable liquid crystal,
available from Merck, was applied onto the shaped rein by
spin coating to form a retardation layer whose thickness was
adjusted to have a retardation value of 125 nm, thereby pro-
ducing a patterned retardation film.

[0423] As aresult of evaluation of the patterned retardation
film, it was confirmed that because of the formation of the
hard metal protective layer by wet plating, only the second
layer can be polished, without re-polishing polishing
scratches on the first layer, during polishing of the second
layer, and that 45°/135° linear polishing marks were formed
in each stripe of the stripe pattern in the surfaces of the first
and second layers and, in conformity with the polishing
marks, the optical axes of the liquid crystal were aligned
precisely in 45°/135° directions.
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Fourth Embodiment

[0424] A fourth embodiment will now be described with
reference to a first mode (first aspect) and a second mode
(second aspect).

A. First Mode (First Aspect)

[0425] In a mold for a patterned alignment film for three-
dimensional display in the first mode, first-layer fine linear
three-dimensional structures are formed in a direction differ-
ent from that of second-layer fine linear three-dimensional
structures.

[0426] A method for producing a mold in the first mode
includes: an underlayer preparation step of preparing an
underlayer composed of a metal material; a resist forming
step of forming a resist in a parallel stripe pattern on the
surface ofthe underlayer; a first layer forming step of forming
afirst layer-forming layer, composed of an inorganic material
having insulating properties, by performing dry plating of the
surfaces of the underlayer and the resist, and then removing
the laminate of the resist and the part of the first layer-forming
layer overlying the resist, thereby forming a first layer in a
parallel stripe pattern; a first three-dimensional structure
forming step of forming first fine linear three-dimensional
structures in the surface of the first layer in an approximately
constant direction; a second layer forming step of forming a
second layer, composed of a metal material and having a
thickness which is equal to or larger than the thickness of the
first layer, by performing wet plating of only the exposed
surface of the underlayer after the first three-dimensional
structure forming step; and a second three-dimensional struc-
ture forming step of forming second fine linear three-dimen-
sional structures in the surface of the second layer in an
approximately constant direction different from the direction
in which the first three-dimensional structures are formed.

[0427] The method for producing a mold in the first mode
will now be described with reference to the relevant drawings.
FIGS. 22(a) through 22(g) show a process chart illustrating
an exemplary method for producing a mold in the first mode.
First, in the underlayer preparation step, an underlayer 1',
composed of a metal material, is prepared (FIG. 22(a)). Next,
in the resist forming step, a resist material is applied onto the
surface of the underlayer to form a resist film on the surface.
The resist film is then exposed (not shown) e.g. by laser
lithography in a parallel stripe pattern to form a resist 2 in a
parallel stripe pattern on the surface of the underlayer 1' (FIG.
22(b)). Next, in the first layer forming step, a first layer-
forming layer 1a, composed of an inorganic material having
insulating properties, is formed by performing dry plating of
the surfaces of the underlayer 1' and the resist 2 (FIG. 22(c)),
and then the laminate of the resist 2 and the part of the first
layer-forming layer 1a overlying the resist 2 is removed to
form a first layer 1 in a parallel stripe pattern (FIG. 22(d)).
Next, in the first three-dimensional structure forming step, the
surface of the first layer 1 is subjected to cutting or roll
pressing to form first fine linear three-dimensional structures
11 in an approximately constant direction (FIG. 22(e)). Next,
in the second layer forming step, a second layer 3, composed
of'a metal material and having a larger thickness than the first
layer 1, is formed by performing wet plating of the exposed
surface of the underlayer 1' (FIG. 22(f)). Next, in the second
three-dimensional structure forming step, the surface of the
second layer 3 is subjected to the same machining as in the
first three-dimensional structure forming step, thereby form-
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ing second fine linear three-dimensional structures 31 in an
approximately constant direction which is different from the
direction in which the first three-dimensional structures 11
are formed (FIG. 22(g)). According to the method for pro-
ducing a mold in the first mode of this embodiment, a mold 50
can thus be produced through the above process steps.

[0428] A mold produced by the above-described produc-
tion method in the first mode of this embodiment will now be
described with reference to the relevant drawings. FIG. 2 is a
schematic view showing an exemplary mold 50 produced by
the production method in the first mode of this embodiment.
FIG.23(a)is a schematic plan view showing the surface of the
mold 50, and FIG. 23(b) is a cross-sectional view taken along
the line A-A of FIG. 23(a). As illustrated in FIGS. 23(a) and
23(b), the mold 50 includes the underlayer 1, the first layer 1
formed in a parallel stripe pattern on the underlayer 1' and
having the first three-dimensional structures 11 formed in the
surface, and the second layer 3 formed in a parallel stripe
pattern on the underlayer 1', having a larger thickness than the
first layer 1 and having the second three-dimensional struc-
tures 31 formed in the surface in a direction different from the
direction in which the first three-dimensional structures 11
are formed in the surface of the first layer 1. The surface of the
mold 50 has recessed portions (first layer 1) and raised por-
tions (second layer 3), arranged alternately in a parallel stripe
pattern. Though not shown diagrammatically, the mold pro-
duction method of this embodiment may produce a mold in
which the first layer and the second layer have the same
thickness, i.e. the mold surface has no raised or recessed
portions. The exemplary mold 50 shown in FIG. 2 is a roll
mold. As illustrated in FIG. 23(a), the first three-dimensional
structures 11 and the second three-dimensional structures 31
of the surfaces of the first layer 1 and the second layer 3 are
formed in a direction at an angle of 135° and in a direction at
an angle of 45°, respectively, with respect to the direction of
rotation of the mold (roll mold) 50. Thus, the direction of the
first three-dimensional structures 11 and the direction of the
second three-dimensional structures 31 differ from each other
by 90°. The arrows in FIG. 23(a) indicate the directions in
which the first three-dimensional structures 11 and the second
three-dimensional structures 31 are formed.

[0429] According to the illustrated embodiment, the sec-
ond layer is formed in the second layer forming step in such
a manner that the second layer has a larger thickness than the
first layer having the first three-dimensional structures
formed in the surface. Therefore, when forming the second
three-dimensional structures in the surface of the second
layer in the second three-dimensional structure forming step,
the surface of the first layer can be prevented from being
damaged. Further, in this embodiment an inorganic material
is used for the first layer, and a metal material is used for the
second layer. Therefore, the hardness of the first layer can be
made higher than the hardness of the second layer. Accord-
ingly, even in the case where the second layer is formed in the
second layer forming step in such a manner that the second
layer has the same thickness as the first layer, the surface of
the first layer can be prevented from being damaged when
forming the second three-dimensional structures in the sur-
face of the second layer in the second three-dimensional
structure forming step. It therefore becomes possible to form
the fine linear three-dimensional structures of the surfaces of
the first and second layers easily and with high accuracy. The
use of the thus-produced mold can produce a high-quality
patterned retardation film for three-dimensional display
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(hereinafter sometimes referred to simply as “patterned align-
ment film”) which, when used in a three-dimensional display
device, is unlikely to cause poor alignment.

[0430] The respective steps of the method for producing a
mold in this embodiment will now be described.

1. Underlayer Preparation Step

[0431] The underlayer preparation step in the first mode of
this embodiment is the step of preparing an underlayer com-
posed of a metal material. Though the underlayer may or may
not be formed on a substrate, it is preferably formed on a
substrate. The foregoing description, given with reference to
the first layer in the first mode of the first embodiment, holds
true for the features (material, smoothness, roughness, thick-
ness, etc.) of the underlayer in the first mode of this embodi-
ment. The foregoing description, given with reference to the
underlayer in the first mode of the first embodiment, holds
true for the features (material, shape, smoothness, roughness,
thickness, etc.) of the substrate in the first mode of this
embodiment.

2. Resist Forming Step

[0432] The resist forming step in this embodiment is the
step of forming a resist in a parallel stripe pattern on the
surface of the underlayer 1. This step can be performed in the
same manner as that described above under the heading “5.
Resist forming step” with reference to the first embodiment or
under the heading “3. Resist forming step” with reference to
the second or third embodiment.

3. First Layer Forming Step

[0433] The first layer forming step in this embodiment is
the step of forming a first layer-forming layer, composed of an
inorganic material having insulating properties, by perform-
ing dry plating of the surfaces of the underlayer and the resist,
and then removing the laminate of the resist and the overlying
first layer-forming layer, thereby forming a first layer in a
parallel stripe pattern.

(1) First Layer

[0434] The first layer which is formed in this step will now
be described. The inorganic material for the first layer is not
particularly limited if it has insulating properties and has
desired adhesion to the underlayer and, in addition, if the
intended first three-dimensional structures can be formed in
the surface of'the first layer in the below-described first three-
dimensional structure forming step. Examples ofusable inor-
ganic materials may include the specific inorganic materials
described above with reference to the first layer in the first
mode of the first embodiment.

[0435] The thickness of the first layer is not particularly
limited as long as the intended first three-dimensional struc-
tures can be formed in the below-described first three-dimen-
sional structure forming step and, in addition, the thickness is
smaller than the below-described thickness of the second
layer. However, the thickness of the first layer is preferably in
the range of 1 nm to 10 pm, more preferably in the range of 10
nm to 5 um, still more preferably in the range of 50 nm to 3
um, most preferably in the range of 0.1 um to 2 pum. If the
thickness of the first layer is less than the above range, it can
be difficult to form the intended first three-dimensional struc-
tures in the surface with high accuracy. If the thickness of the
first layer exceeds the above range, a larger amount of the
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inorganic material and a longer time will be needed to form
the first layer. This leads to an increase in the production cost
and a lowering of the production efficiency. Further, in the
below-described second layer forming step, the second layer
needs to be formed such that it has a larger thickness than the
first layer. Thus, the formation of the first layer having a too
large thickness necessitates the use of a larger amount of a
metal material and a longer time for the formation of the
second layer, resulting in a lowering of the productivity.
[0436] Inthe mold produced in this embodiment, the thick-
ness of the first layer formed in this step, shown by the
distance Da in FIG. 23(b), refers to one that takes into con-
sideration the thickness of the region of the first layer where
the first three-dimensional structures are formed. The dis-
tance Da indicates the average value of the distance from the
surface of the underlayer to the tops of the raised portions of
the first three-dimensional structures and the distance from
the surface of the underlayer to the bottoms of the recessed
portions of the first three-dimensional structures.

[0437] The first layer preferably has good surface smooth-
ness. If the surface smoothness of the first layer is poor, it is
sometimes difficult to form the intended first three-dimen-
sional structures with high accuracy in the below-described
first three-dimensional structure forming step. The first layer
may have the same surface roughness as that described above
under the heading “(1) Underlayer preparation step” with
reference to the first embodiment, and therefore a description
thereof is omitted.

[0438] The first layer is formed in this step in a parallel
stripe pattern. The foregoing description under the heading
“5. Resist forming step” holds true for the parallel strip pat-
tern of the first layer of this embodiment, and therefore a
description thereof is omitted.

(2) Method for Forming the First Layer

[0439] A method for forming the first layer, which can be
used in this step, will now be described. A first layer-forming
layer is first formed in this step by perming dry plating of the
surfaces of the underlayer and the resist. Any dry plating
method can be used in this step as long as it can form the first
layer having a desired thickness on the surface of the under-
layer. Examples of usable dry plating methods include: a
physical vapor deposition method (PVD method) such as
vacuum deposition plating, resistance heating, sputtering or
ion plating; and a chemical vapor deposition method (CVD
method) such as atmospheric pressure thermal CVD, reduced
pressure thermal CVD or plasma CVD. A CVD method is
preferably used when DLC is used as a material for the first
layer-forming layer; the use of a CVD method can control the
thickness of the DL.C layer with higher accuracy.

[0440] The thickness ofthe first layer-forming layer is sub-
stantially the same as the above-described thickness of the
first layer.

[0441] Next, in this step, the laminate of the resist and the
part of the first layer-forming layer overlying the resist is
removed. Any method can be used to remove the laminate if
it can form the first layer in the intended stripe pattern on the
surface of the underlayer and, in addition, can expose the
surface of the underlayer by removing the laminate; a com-
mon resist removing method may be used to removing the
laminate. For example, ashing by oxygen plasma treatment or
cleaning with an organic alkaline solution may be used. Of
these, cleaning with an organic alkaline solution is preferred
in this embodiment.
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4. First Three-Dimensional Structure Forming Step

[0442] The first three-dimensional structure forming step in
the first mode of this embodiment is the step of forming first
fine linear three-dimensional structures in the surface of the
first layer in an approximately constant direction. This step
can be performed in the same manner as that described above
under the heading “2. First three-dimensional structure form-
ing step” with reference to the first mode of the first, second or
third embodiment.

5. Second Layer Forming Step

[0443] The second layer forming step in this embodiment is
the step of forming a second layer, composed of a metal
material and having a thickness which is equal to or larger
than the thickness of the first layer, by performing wet plating
of only the exposed surface of the underlayer after the first
three-dimensional structure forming step.

(1) Second Layer

[0444] The second layer which is formed in this step will
now be described. The metal material for the second layer is
not particularly limited as long as the second layer having the
intended thickness can be formed by wet plating on the
exposed surface of the underlayer. Examples of usable metal
materials may include the specific metal materials described
above under the heading “(1) Underlayer preparation step”.
[0445] The material of the second layer preferably has a
lower hardness than the material of the first layer. This is
because when forming second three-dimensional structures
in the surface of the second layer in the below-described
second three-dimensional structure forming step, cutting or
roll pressing can be permed at such a pressure as not to cause
any scratches on the surface of the first layer. This makes it
possible to produce a mold in which the first three-dimen-
sional structures and the second three-dimensional structures
have been formed with high accuracy. Such a metal material
for the second layer can be appropriately selected from the
above-described metal materials depending on the material of
the first layer. For example, when the material of the first layer
is DLC (diamond-like carbon), it is preferred to use nickel or
chromium, in particular chromium, as a material for the sec-
ond layer. The use of chromium, which is relatively hard, can
form the second three-dimensional structures with high accu-
racy.

[0446] The material of the second layer may be the same as
or different from the material of the underlayer. Any combi-
nation of the above-described metals can be used for the two
layers. Examples of the combination of the materials of the
second layer and the underlayer (second layer/underlayer)
may include chromium/chromium, nickel/nickel, nickel/
chromium, chromium/nickel, chromium/copper, nickel/cop-
per, chromiun/SUS, nickel/SUS, etc. The use of such a com-
bination of materials enables the first layer having a high
smoothness to be formed on the surface of the underlayer.
This makes it possible to form the first three-dimensional
structures with high accuracy in the surface of the first layer.
Further, the use of such a metal for the second layer makes it
possible to form the second three-dimensional structures with
high accuracy in the surface of the second layer.

[0447] The thickness of the second layer formed in this step
is equal to or larger than the thickness of the first layer. The
difference between the thickness of the second layer and the
thickness of the first layer is not particularly limited as long as
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the intended second three-dimensional structures can be
formed in the surface of the second layer, without causing
damage to the surface of the first layer, in the below-described
second three-dimensional structure forming step. However,
the difference is preferably in the range of 0 um to 2 um, more
preferably in the range of O um to 1 pm, most preferably in the
range of O um to 0.5 um. If the difference is less than the above
range, the surface of the first layer can be damaged when the
surface of the second layer is subjected to cutting or roll
pressing. If the difference exceeds the above range, a larger
amount of the metal material and a longer time will be needed
to form the second layer. This will make it difficult to produce
a mold with high productivity.

[0448] In the mold produced by the production method of
this embodiment, the difference between the thickness of the
second layer and the thickness of the first layer, shown by the
distance Db in FIG. 23(b), refers to one that takes into con-
sideration the thickness of the region of the first layer where
the first three-dimensional structures are formed and the
thickness of the region of the second layer where the second
three-dimensional structures are formed.

[0449] The thickness of the second layer is not particularly
limited as long as the difference from the thickness of the first
layer lies in the above range and may be arbitrarily deter-
mined depending on the thickness of the first layer, etc. How-
ever, the thickness of the second layer is preferably in the
range of 1 nmto 10 um, more preferably in the range 0f 10 nm
to 5 um, most preferably in the range of 50 nm to 3 pm.
[0450] Inthe mold produced in this embodiment, the thick-
ness of the second layer formed in this step, shown by the
distance Dc in FIG. 23(b), refers to one that takes into con-
sideration the thickness of the region of the second layer
where the second three-dimensional structures are formed.
The distance Dc indicates the average value of the distance
from the surface of the underlayer to the tops of the raised
portions of the second three-dimensional structures and the
distance from the surface of the underlayer to the bottoms of
the recessed portions of the second three-dimensional struc-
tures.

[0451] The second layer preferably has good surface
smoothness. If the surface smoothness of the second layer is
poor, it is sometimes difficult to form the intended second
three-dimensional structures with high accuracy in the below-
described second three-dimensional structure forming step.
The second layer may have the same surface roughness as that
described above under the heading “(1) Underlayer prepara-
tion step” with reference to the first embodiment, and there-
fore a description thereof is omitted.

(2) Method for Forming the Second Layer

[0452] The second layer is formed by wet plating. Any wet
plating method can be used as long as it can form the second
layer having a desired thickness only on the exposed surface
of the underlayer. Examples of usable wet plating methods
include electroplating, electroless plating, molten zinc plat-
ing, molten aluminum plating, plating with an insoluble
anode, etc. Of these, electroplating is preferred in this step;
because the first layer has insulating properties, the second
layer can be formed selectively only in those areas where the
first layer is not formed, i.e. in those areas where the under-
layer is exposed.

6. Second Three-Dimensional Structure Forming Step

[0453] The second three-dimensional structure forming
step in the first mode of this embodiment is the step of form-
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ing second fine linear three-dimensional structures in the
surface of the second layer in an approximately constant
direction different from the direction in which the first three-
dimensional structures are formed. The foregoing descrip-
tion, given with reference to the first mode of the first, second
or third embodiment, holds true for the second three-dimen-
sional structures and a method for forming the second three-
dimensional structures, which is usable in this step.

7. Other Steps

[0454] The method for producing a mold in this embodi-
ment comprises the above-described steps. As described
aboveunder the heading “8. Other steps” with reference to the
first mode of the first embodiment, the method ofthis embodi-
ment may optionally include other step(s).

B. Second Mode (Second Aspect)

[0455] A method for producing a mold in the second mode
includes: an underlayer preparation step of preparing an
underlayer composed of a metal material; a resist forming
step of forming a resist in a parallel stripe pattern on the
surface ofthe underlayer; a first layer forming step of forming
afirst layer-forming layer, composed of an inorganic material
having insulating properties, by performing dry plating of the
surfaces of the underlayer and the resist, and then removing
the laminate of the resist and the part of the first layer-forming
layer overlying the resist, thereby forming a first layer in a
parallel stripe pattern; a first three-dimensional structure
forming step of forming first fine linear three-dimensional
structures in the surface of the first layer in an approximately
constant direction; a second layer forming step of forming a
second layer, composed of a metal material and having a
thickness which is larger than the thickness of the first layer,
by performing wet plating of only the exposed surface of the
underlayer after the first three-dimensional structure forming
step; and a second three-dimensional structure forming step
of forming second fine linear three-dimensional structures in
the surface of the second layer in an approximately constant
direction which is the same as the direction in which the first
three-dimensional structures are formed.

[0456] A mold 50 produced by the above-described pro-
duction method in the second mode of this embodiment will
now be described with reference to the relevant drawings.
FIG. 2 is a schematic view showing an exemplary mold 50 in
the second mode of this embodiment. FIG. 24(a) is a sche-
matic plan view showing the surface of the mold 50, and F1G.
24(b) is a cross-sectional view taken along the line B-B of
FIG. 24(a). As illustrated in FIGS. 24(a) and 24(5), the mold
50 includes the underlayer 1' composed of a metal material,
the first layer 1 formed in a parallel stripe pattern on the
underlayer 1' and having the first three-dimensional struc-
tures 11 formed in the surface, and the second layer 3 formed
in a parallel stripe pattern on the underlayer 1' and having the
second three-dimensional structures 31 formed in the surface
in a direction which is the same as the direction in which the
first three-dimensional structures 11 are formed in the surface
of the first layer 1. The surface of the mold 50 has recessed
portions (first layer 1) and raised portions (second layer 3),
arranged alternately in a parallel stripe pattern. The exem-
plary mold 50 for a patterned alignment film for three-dimen-
sional display, shown in FIG. 2, is a roll mold. As illustrated
in FIG. 24(a), the first three-dimensional structures 11 and the
second three-dimensional structures 31 are formed in the
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same direction at an angle of 45° with respect to the direction
of rotation of the mold (roll mold) 50 for a patterned align-
ment film for three-dimensional display. The arrows in FIG.
24(a) indicate the directions in which the first three-dimen-
sional structures 11 and the second three-dimensional struc-
tures 31 are formed.

[0457] The method for producing a mold in the second
embodiment can be performed by the same process as that
described above with reference to FIGS. 22(a) through 22(g),
and therefore a description thereof is omitted.

[0458] As with the above-described first mode of this
embodiment, the second layer is formed in the second layer
forming step in such a manner that the second layer has a
larger thickness than the first layer having the first three-
dimensional structures formed in the surface. Therefore,
when forming the second three-dimensional structures in the
surface of the second layer in the second three-dimensional
structure forming step, the surface of the first layer can be
prevented from being damaged. It therefore becomes possible
to form the fine linear three-dimensional structures of the
surfaces of the first and second layers easily and with high
accuracy. The use of the thus-produced mold can produce a
high-quality patterned retardation film for three-dimensional
display which, when used in a three-dimensional display
device, is unlikely to cause poor alignment.

[0459] The mold production method in the second mode of
this embodiment differs from that in the first mode of this
embodiment in the direction in which the fine linear three-
dimensional structures are formed in the second three-dimen-
sional structure forming step. Further, the thicknesses of the
first layer and the second layer can be set different from those
in the first mode of this embodiment. The relevant description
given above with reference to the second mode of the first
embodiment holds true for the direction of the second three-
dimensional structures and the thicknesses of the first layer
and the second layer in the second mode of this embodiment.
[0460] On the other hand, with reference to the underlayer
preparation step, the resist forming step, the first layer form-
ing step, the first three-dimensional structure forming step,
and other step(s) in the second mode of this embodiment,
these steps can be performed in the same manner as in the
above-described first mode of this embodiment.

C. Other Mode (Other Aspect)

[0461] The mold produced by the mold production method
in the first mode of this embodiment is used to produce a
patterned alignment film which produces a patterned retarda-
tion film having a pattern of first retardation regions and
second retardation regions, whose retardation values differ
from each other due to different alignment directions of a
rod-like compound contained in the retardation layer. On the
other hand, the mold produced by the mold production
method in the second mode of this embodiment is used to
produce a patterned alignment film which produces a pat-
terned retardation film having a pattern of first retardation
regions and second retardation regions, whose retardation
values differ from each other due to a difference in the thick-
ness between the first retardation regions and the second
retardation regions.

[0462] A method for producing a mold in another mode of
this embodiment may be a method for producing a mold
capable of producing a patterned alignment film which pro-
duces a patterned retardation film having first retardation
regions and second retardation regions, whose retardation
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values differ from each other due to different alignment direc-
tions of a rod-like compound contained in the retardation
layer and to a difference in the thickness between the first
retardation regions and the second retardation regions. The
method for producing such a mold may include a second layer
forming step which is performed in the same manner as the
above-described second layer forming step in the second
mode of this embodiment, and a second three-dimensional
structure forming step which is performed in the same man-
ner as the above-described second three-dimensional struc-
ture forming step in the first mode of this embodiment.

D. Other Features

[0463] The mold produced by the method according to the
present invention has recessed portions (first layer) and raised
portions (second layer), formed in a parallel stripe pattern,
and has fine linear three-dimensional structures formed in the
surface in an approximately constant direction. Alternatively,
the mold may have two types of surface areas formed alter-
nately in a parallel stripe pattern and each having fine linear
three-dimensional structures formed in the surface in an
approximately constant direction, with the longitudinal direc-
tions of the linear three-dimensional structures being differ-
ent between the two types of areas.

[0464] The mold is used to produce a patterned alignment
film for three-dimensional display which is to be used for a
patterned retardation film for three-dimensional display.
More specifically, the mold is used to produce a patterned
alignment film for three-dimensional display, having first
alignment regions (raised portions) and second alignment
regions (recessed portions) each having fine linear three-
dimensional structures formed in the surface, by transferring
the corresponding fine linear three-dimensional structures of
the mold to an alignment film-forming layer composed of a
resin composition.

[0465] The above description is merely illustrative, and is
not intended to limit the present invention. Any technical idea
or concept that is substantially the same as the inventive
concept as expressed herein should be construed to fall within
the scope of the present invention.

Example of the Fourth Embodiment

[0466] The following example illustrates the present inven-
tion in greater detail.

Example

[0467] The underlayer preparation step was performed in
the following manner: Machining of an aluminum pipe hav-
ing a diameter of 300 mm and a length of 1260 mm was
carried out to produce a mold. A series 5000 aluminum mate-
rial was used in this test for the aluminum pipe because of
good machinability of the material, though the use of a softer
series 1000 aluminum material was also possible. After flat-
tening the surface of the aluminum pipe by means of a lathe,
the surface of the aluminum pipe was subjected to copper
electroplating to form a copper plating film having a thickness
of 200 pum to 300 pum. Thereafter, the surface of the copper
film was subjected to abrasive polishing for centering of the
pipe and imparting smoothness to the surface. Next, the sur-
face of the copper film was subjected to nickel plating to form
a nickel plating film having a thickness of about 5 um as an
underlayer. The nickel layer was formed in order for
scratches, produced on the surface of the underlayer by the
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abrasive polishing, to be buried in the nickel layer. It is to be
noted in this regard that if the scratches are not buried, the
scratches could cause alignment of e.g. a liquid crystal in an
alignment film produced by the use of the mold. A Cr plating
film may be used instead of the Ni plating film. However,
some Cr plating films have micro-cracks; it is necessary to
select a Cr plating film having no micro-cracks. Though wet
plating was used to form a film in this test, it is possible to
form a film by dry plating. However, the use of wet plating is
preferred because a film is preferably formed thick in order to
bury therein scratches on the surface of the underlayer which
were produced upon abrasive polishing.

[0468] The workpiece after the formation of the Ni plating
film was subjected to a resist forming step. This step was
performed by using a lithography apparatus manufactured by
Think Laboratory Co., Ltd. First, the entire surface of the
workpiece was coated with a resist having an appropriate
thickness (about 3 to 5 pum), followed by drying at room
temperature. The resist coating can be dried more quickly by
drying it at a higher temperature. However, the use of'a higher
drying temperature may cause contraction of the resist and
expansion of the aluminum pipe. It is therefore preferred to
perform the drying at room temperature. A negative resist,
manufactured by Think Laboratory Co., Ltd., was used as the
resist. In this regard, a positive resist is weak against heat and
can cause peeling, thermal deformation, etc. during the
below-described formation of a DLC film as a first layer,
performed at a high temperature. The use of a negative resist
is therefore preferred. After the formation of the resist, the
resist was subjected to lithography with a laser having an
adjusted wavelength to expose the resist, followed by devel-
opment to form a parallel stripe pattern of resist films.
[0469] Next, a first layer forming step was performed: A
first layer having a thickness of 0.5 pum was formed by dry
plating on the patterned surface of the workpiece. DLC was
used in this test as a material for the first layer. However, it is
possible to use other non-conductive hard material. The DL.C
layer is preferably as thin as 0.1 um to 1 pm.

[0470] After the formation of the DLC layer, the resist was
removed by using, as a removing solution, a mixed solution of
MEK, IPA and methanol. The solvent penetrated into the
resist, and dissolved and removed the resist, thereby forming
a stripe pattern of the DLC film (first layer) and the under-
layer.

[0471] Next, the workpiece was subjected to a first three-
dimensional structure forming step: The entire surface of the
first layer was polished at a polishing angle of 45 degrees by
using a paper polishing machine manufactured by Think
Laboratory Co., Ltd. The polishing angle was inputted into
the paper polishing machine, and scratches were produced in
the surface of the first layer in a 45-degree direction. The
45-degree scratches can be produced by setting the movement
speed ofthe polishing head equal to the rotational speed of the
cylinder. To produce the scratches, polishing was performed
by means of a polishing film. Because of the thinness of the
first layer, the underlayer may also be polished upon the
polishing of the first layer, resulting in the formation of
scratches in the surface of the underlayer. Such scratches,
however, are to be buried in the below-described second layer.
A diamond film No. 20000 (model number: LDF #20000),
manufactured by Sankyo Rikagaku Co., Ltd., was used as a
polishing film in the polishing. The use of a diamond film is
because of the high hardness (Hv 1100-2500) of DLC: if an
alumina film, a common polishing member, is used, the pol-
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ishing member itself will be ground and the polishing mem-
ber will produce broadened polishing scratches, which would
cause poor alignment. After completion of the 45-degree
direction polishing, the surface of the workpiece was cleaned
e.g. with a solvent. Though the cleaning is optional, it is
preferred to perform the cleaning in order to remove polishing
debris, abrasive particles, etc. adhering to the workpiece sur-
face.

[0472] Next, a second layer forming step was performed:
After the polishing of the first layer, a second layer was
formed by wet plating. By making use of the fact that the
underlayer is a conductive layer and the first layer is a non-
conductive layer, a Cr plating layer (second layer) having a
thickness of 1 pm was formed by electroplating only on the
surface of the underlayer. It is possible to make the thickness
of the Cr plating layer the same as the thickness of the DL.C
layer (first layer). Because the Cr plating layer is to remain in
the final product, the Cr plating layer should preferably be
free of micro-cracks that could be deemed as product defects.
[0473] Next, a second three-dimensional structure forming
step was performed: After the formation of the second layer,
the surface of the second layer was subjected to polishing. In
the case where the second layer is a Cr plating film, fine
three-dimensional structures can be formed in the surface of
the second layer by performing rubbing of the surface. Rub-
bing (polishing) of the surface of the second layer was carried
out by means of a rubbing cloth YA18R manufactured by
Yoshikawa Chemical Co., Ltd. (rubbing cloth YA19R or
YA20R may also be used). The same polishing machine as
used in the polishing of the surface of the first layer was used
in the rubbing (polishing), but the polishing direction (angle)
was changed to 135 degrees which differ by 90 degrees from
the polishing direction in the polishing of the first layer. The
polishing angle can be changed from 45 degrees to 135
degrees by rotating the cylinder in the opposite direction.
Though the rubbing cloth makes contact also with the surface
of the first layer during polishing of the second layer, fine
three-dimensional structures will not be formed in the first
layer because it is composed of the hard inorganic material
DLC. It was confirmed in this regard that due to the difference
in the hardness between the first layer and the second layer,
the second layer was polished, whereas the first layer was not
polished during the rubbing of the second layer. By carrying
out the above steps, a mold was produced having the first-
layer DLC pattern and the second-layer Cr pattern, formed
alternately on the mold surface, and having 45°/135° polish-
ing marks formed in the mold surface.

[Evaluation]

[0474] The shape of the surface of the mold, produced in
the example, was transferred to an ultraviolet curable resin
that had been applied onto a transparent substrate film having
no retardation, such as a TAC film, a COP film (Zeonor) or an
acrylic film. Thereafter, an ultraviolet curable liquid crystal,
available from Merck, was applied onto the shaped rein by
spin coating to form a retardation layer whose thickness was
adjusted to have a retardation value of 125 nm, thereby pro-
ducing a patterned retardation film. As a result of evaluation
of the patterned retardation film, it was confirmed that the
alignment direction of the surface of the first layer was 45
degrees and the alignment direction of the surface of the
second layer was 135 degrees, no scratches were produced by
the second polishing in the surface of the first layer, and a
clean patterned retardation film can be produced.
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Fifth Embodiment

[0475] A fifthembodiment will now be described. FIGS. 25
and 26 show a process chart illustrating an exemplary method
for producing a mold for three-dimensional display in the
fifth embodiment. The mold production process comprises
steps (a) to (f). In particular, the process comprises: a first
polishing step of forming a first three-dimensional structure
region, as shown in FIG. 25(b), in the surface of a first layer as
shown in FIG. 25(a), composed of an inorganic material; a
resist forming step of forming resist portions in a stripe pat-
tern on the first three-dimensional structure region, as shown
in FIG. 25(¢); a second layer forming step of forming a
second-layer film, composed of an inorganic material, on the
surfaces of the resist portions and the non-resist portions, as
shown in FIG. 26(d); a second polishing step of forming a
second three-dimensional structure region in the surface of
the second-layer film by polishing the surface of the film in a
direction different from that in the first polishing step, as
shown FIG. 26(e); and a resist removing step of removing the
resist portions and the second-layer film on the resist portions,
as shown FIG. 26(f). The respective steps will now be
described in detail.

1. First Polishing Step

[0476] As shown in FIGS. 25(a) and 25(5), the surface of
the first layer 110 is subjected to polishing to form a first
three-dimensional structure region 112, composed of fine
linear three-dimensional structures, in substantially the entire
surface of the first layer 110.

[0477] The first layer 110 is a layer of an inorganic material
that exists as an outermost layer of a substrate. The inorganic
material is not particularly limited if the below-described
layers can be laminated to and removed the first layer.
Examples of the inorganic material include: metal materials
such as nickel, copper, aluminum, tin, chromium, stainless
steel (SUS), iron, etc.; inorganic oxides such as SiO,, SiOx,
Al,O,, GeO,, Ti0,, Cr,0;, ZrO;, Ta, 04, Nb,O;, etc.; inor-
ganic nitrides such as Si;N,, AIN, TiN, TiCN, etc.; inorganic
oxynitrides such as SiO,N_; inorganic carbides such as SIC;
and DLC (diamond-like carbon). Of these, metal materials
and DLC, in particular nickel, chromium and DLC are pre-
ferred from the viewpoint of being capable of laminating/
removing the below-described layers to/from the first layer.

[0478] The fine linear three-dimensional structures in the
first three-dimensional structure region 112 are formed in the
surface ofthe first layer 110 in a random pattern in an approxi-
mately constant direction. The “fine linear three-dimensional
structures formed in a random pattern in an approximately
constant direction” herein are, for example, fine scratch-like
structures extending in an approximately constant direction
as formed e.g. by rubbing of the surface. The fine linear
three-dimensional structures are not particularly limited if a
pattered alignment film, produced by the use of the mold, can
produce a patterned retardation film capable of three-dimen-
sional display. The foregoing description given with refer-
ence to the first embodiment holds true for the fine linear
three-dimensional structures of this embodiment.

[0479] The cross-sectional shape of the fine linear three-
dimensional structures is not particularly limited if the struc-
tures can align a liquid crystal compound in a predetermined
direction. For example, the fine linear three-dimensional
structures may each have a generally rectangular, triangular
or trapezoidal cross-sectional shape. The cross-sectional



US 2014/0085597 Al

shape of each structure may not necessarily be constant. The
height, the width and the pitch of the fine linear three-dimen-
sional structures are not particularly limited if they can align
a liquid crystal compound.

[0480] In this embodiment the width of each fine linear
three-dimensional structure is preferably in the range of 1 nm
to 1000 nm, more preferably in the range of 1 nm to 500 nm,
most preferably in the range of 1 nm to 100 nm. The height of
each fine linear three-dimensional structure is preferably in
the range of 1 nm to 500 nm, more preferably in the range of
1 nm to 100 nm, most preferably in the range of 1 nm to 50
nm. The pitch of the fine linear three-dimensional structures
may not necessarily be constant; however, it is preferably in
the range of about 1 nm to 1000 nm, more preferably in the
range of 1 nm to 100 nm. The fine linear three-dimensional
structures having the above dimensions can stably align a
liquid crystal compound.

[0481] Examples of polishing methods usable in this step
may include abrasive polishing, paper polishing, tape polish-
ing, a blasting method such as sandblasting, shot blasting, grit
blasting or glass bead blasting, a brush graining method,
including rubbing, using a brush member composed of fibers
of a synthetic resin such as nylon, polypropylene or vinyl
chloride, nonwoven fabric, animal hair or steel wires, a wire
graining method using a metal wire, a method (brush graining
method) which comprises brush-polishing the surface of the
surface of the first layer while supplying a slurry containing
abrasive particles, a ball graining method, a buff polishing
method such as liquid honing, a shot peening method, etc.
[0482] Tape polishing or paper polishing is preferably used
when the first layer 110 is composed of a hard material such
as DLC. In this embodiment a metal material, such as chro-
mium or nickel, can also be used for the first layer 110 and, in
that case, rubbing is also preferably used.

2. Second Layer Forming Step

[0483] First, as shown in FIG. 25(c), a stripe pattern of first
resist portions 131 and non-resist portions 132 is formed on
the surface of the first layer 110 having the first three-dimen-
sional structure region 112 formed therein.

[0484] In particular, a resist material is applied onto the
surface of the first layer 110 to form a resist film (not shown).
Thereafter, the resist film is exposed in a parallel stripe pat-
tern, followed by development to form a parallel stripe pattern
of'the first resist portions 131 and the non-resist portions 132.
The resist material is not particularly limited, and either a
positive resist material or a negative resist material may be
used. A chemically-amplified resist based on a novolac resin,
for example, can be used as the positive resist material. The
negative resist material may be exemplified by a chemically-
amplified resist based on a crosslinked resin, for example, a
chemically-amplified resist prepared by adding a crosslink-
ing agent and an acid generator to polyvinyl phenol.

[0485] A common coating method can be used to apply the
resist material onto the first layer 110, thereby forming the
resist film. Examples of the coating method include spin
coating, casting, dipping, bar coating, blade coating, roll coat-
ing, gravure coating, flexographic printing, spray coating, etc.
[0486] Electron beam lithography or laser lithography,
which is generally used in photomask lithography, may be
used as a method to expose the resist film in a parallel stripe
pattern. It is also possible to use a method which involves
ultraviolet irradiation of the resist film with the use of a mask.
In particular, laser lithography is preferred because the
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method can expose the resist film in a parallel stripe pattern
with high accuracy even when the above-described metal
substrate has the shape of a roll. The resist film after exposure
can be developed by a common developing method such as
alkali development.

[0487] Next, as shown in FIG. 26(d), a thin second-layer
film 120 of an inorganic material, preferably having a thick-
ness of not less than 0.01 um and not more than 1 pm, is
formed on the resist portions 131 and the non-resist portions
132, whereby a second-layer pattern of the second-layer film
120 is formed in the recesses of the non-resist portions 132. If
the thickness of the second-layer film 120 is less than 0.01
um, the fine linear three-dimensional structures, which have
been formed by polishing or rubbing in the surface of the first
layer, may not be buried in the second-layer film. Therefore,
the first-layer fine three-dimensional structures and the sec-
ond-layer fine three-dimensional structures may co-exist in
the second-layer film, leading to poor alignment. If the thick-
ness exceeds 1 um, on the other hand, the large level differ-
ence may result in an undesirable change in the amount of
retardation. The thin second-layer film 120 may be formed
e.g. by a physical vapor deposition method (PVD method)
such as sputtering, ion plating or vacuum deposition, a chemi-
cal vapor deposition method (CVD method), plating or coat-
ing.

[0488] Theinorganic material forthe second-layer film 120
can either be the same as or different from the material for the
first layer 110; however, it is preferred to use the same inor-
ganic material from the viewpoints of the adhesion between
the layers and the productivity. Thus, it is preferred to use the
combination (first layer/second-layer film) of DLC/DLC,
chromium/chromium, nickel/nickel, or the like, though it is
possible to use a combination of different materials, such as
DLC/Ni, DLC/Cr, Cr/Ni or Ni/Cr.

3. Second Polishing Step

[0489] Next, as shown in FIG. 26(e), the entire surface of
the second-layer film 120, i.e. the surface of the second-layer
film 120 on the resist portions 131 and the non-resist portions
132, is polished in a direction different from that of the first
three-dimensional structure region 112a, thereby forming a
second three-dimensional structure region 121a, composed
of fine linear three-dimensional structures, in the surface of
the second-layer pattern 121. This step is basically the same
as the first polishing step described above with reference to
FIG. 25(b) except that the polishing direction is different from
that of the first three-dimensional structure region 112a, and
therefore a description thereof is omitted.

[0490] The first three-dimensional structure region 1124
and the second three-dimensional structure region 121a differ
in the longitudinal direction of the fine linear three-dimen-
sional structures: The longitudinal direction 8 of the fine
linear three-dimensional structures is 135 degrees in the first
three-dimensional structure region 112a and 45 degrees in the
second three-dimensional structure region 112a (681=135
degrees, 02=45 degrees in F1G. 26(f)). The longitudinal direc-
tion of'the fine linear three-dimensional structures thus differs
by 90 degrees between the two regions. However, the differ-
ence is not limited to 90 degrees and may be, for example, 45
degrees. Further, it is possible to use other combinations of
the directions (angles) of the fine linear three-dimensional
structures, for example, 01=0 degree and 62=90 degrees.
[0491] Lastly, as shown in FIG. 26(f), the resist portions
131 are removed e.g. with an alkaline solution. The second-
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layer film 120 on the resist portions 131 is removed together,
whereby the underlying first three-dimensional structure
region 1124 of the first layer 110 becomes exposed, while
leaving the second-layer pattern 121 having the second three-
dimensional structure region 121a formed in the surface. A
mold 100 for a patterned alignment film for three-dimen-
sional display is thus produced.

[0492] As shown in FIG. 26(f), in a planar view A of the
mold 100 for a patterned alignment film for three-dimen-
sional display, the first three-dimensional structure region
112a and the second three-dimensional structure region 121a
are formed alternately in a stripe pattern. Further, in a cross-
sectional view B of the mold 100, the second-layer pattern
121 exists as raised portions on the first layer 110, with the
level difference “h” corresponding to the thickness of the
second-layer pattern 121.

[0493] The level difference “h” is preferably in the range of
10 nm to 5000 nm, more preferably in the range of 20 nm to
100 nm, most preferably in the range of 20 nm to 50 nm. By
making the level difference “h” not less than 10 nm, disorder
in the alignment of liquid crystal molecules can be effectively
prevented in the vicinities of the boundaries between the first
three-dimensional structure region 112¢ and the second
three-dimensional structure region 121a. By making the level
difference “h” not more than 5000 nm, the occurrence of
moire due to interference between a pixel array in a display
panel and the boundaries between the first three-dimensional
structure region 112a and the second three-dimensional
structure region 121a can be reduced.

5. Patterned Alignment Film/Patterned Retardation Film

[0494] As shown in FIG. 27, the mold 100 for a patterned
alignment film for three-dimensional display thus obtained is
brought into pressure contact with the resin surface of a
laminate consisting of a transparent substrate film 210 having
a small retardation value, e.g. composed of TAC (triacetyl
cellulose), COP (cyclic olefin polymer) or an acrylic rein, and
a resin 220 to be shaped, such as a known UV curable resin,
whereby the fine linear three-dimensional structures of the
first three-dimensional structure region 1124 and the second
three-dimensional structure region 121a of the mold 100 are
transferred to the surface 221 of the resin 220. Subsequently,
the laminate is UV-cured to obtain a patterned alignment
film-containing film 150 consisting of a patterned alignment
film 220qa, composed of the cured resin 220, and the transpar-
ent substrate film 210 that supports the patterned alignment
film 220a. The patterned alignment film 220a has the surface
221 consisting of first alignment regions 8B and second align-
ment regions 8A arranged alternately. The first alignment
regions 8B and the second alignment regions 8A each have
linear three-dimensional structures; the linear three-dimen-
sional structures of the first alignment regions 8B are formed
in a different direction from that of the linear three-dimen-
sional structures of the second alignment regions 8A. The
linear three-dimensional structures of the patterned align-
ment film 2204 have been shaped by transfer of the fine linear
three-dimensional structures of the first three-dimensional
structure region 112a and the second three-dimensional
structure region 121a of the mold 100, and thus have shapes
complementary to the shapes of the fine linear three-dimen-
sional structures of the first three-dimensional structure
region 112a¢ and the second three-dimensional structure
region 121a.
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[0495] Asshown in FIG. 28, a polymerizable liquid crystal
compound 160 is applied onto the surface 221 of the shaped
resin, whereby the liquid crystal molecules become aligned
along the fine linear three-dimensional structures. Subse-
quently, the liquid crystal compound 160 is polymerized and
cured to form a patterned retardation layer 160a composed of
the aligned polymerized/cured liquid crystal molecules (lig-
uid crystal compound), thereby producing a patterned retar-
dation film 200 consisting of the transparent substrate film
(having a small retardation value) 210, the overlying pat-
terned alignment film 2204, and the overlying patterned retar-
dation layer 160aq.

[0496] In order to ensure an aligning ability to securely
cause the liquid crystal molecules of the liquid crystal com-
pound 160, constituting the patterned retardation layer 160a,
to align in the running directions (longitudinal directions) of
the linear three-dimensional structures of the first alignment
regions 8B and the second alignment regions 8A, conceptu-
ally shown by the diagonal lines in FIG. 27, it is necessary to
design the height of the linear three-dimensional structures of
the patterned alignment film 220a (the level difference
between the tops of the raised portions and the bottoms of the
recessed portions in the linear three-dimensional structures)
to be sufficiently large relative to the dimensions (especially
in the width and diametrical directions) of a common liquid
crystal molecule. Thus, the linear three-dimensional struc-
tures need to have a height of at least 1 nm. However, if the
height exceeds 500 nm, there will be no significant increase in
the aligning ability. Rather, the aligning ability may decrease
because of broadening of the angular distribution of the run-
ning directions (longitudinal directions) of the linear three-
dimensional structures upon their shaping. The height of the
linear three-dimensional structures of the patterned align-
ment film 220aq is therefore preferably not more than 500 nm.
When the corresponding linear three-dimensional structures
are formed in the mold by a common rubbing method, the
angular distribution of the running directions of the linear
three-dimensional structures (corresponding to the angular
distribution of the slow axes of the patterned retardation layer
due to the aligned liquid crystal molecules) can be made to
fall within the range of three degrees, which is the level
generally required, by making the height of the linear three-
dimensional structures not more than 500 nm. Thus, from the
viewpoint of providing the ability to align a liquid crystal
compound to the patterned alignment film-containing film
150 (patterned alignment film 220a), it is preferred to make
the height of the linear three-dimensional structures of the
patterned alignment film-containing film 150 (patterned
alignment film 2204a) not less than 1 nm and not more than
500 nm. This holds true for all of the first to fifth embodi-
ments.

[0497] From the viewpoint of making the height of the
linear three-dimensional structures of the patterned align-
ment film 220a in the preferable range of 1 to 500 nm, the
height of the fine linear three-dimensional structures, formed
in the first three-dimensional structure region 112¢ and the
second three-dimensional structure region 121a of the mold
100 for a patterned alignment film for three-dimensional dis-
play, is preferably in the range of 1 nm to 500 nm, more
preferably in the range of 1 nm to 100 nm, most preferably in
the range of 1 nm to 50 nm, as described above.

[0498] The height of the linear three-dimensional struc-
tures can be determined in the following manner: The surface
three-dimensional structures are shot or the profile or contour
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(corresponding to the surface roughness curve) of the struc-
tures is measured by using an electron microscope or an
atomic force microscope. Based on the data obtained, Rz
(ten-point average roughness) is calculated according to JISB
0601 (1994).

[0499] In addition, the level difference between the first
alignment regions 8B and the second alignment regions 8A in
the patterned alignment film 220a is preferably in the range of
10 nm to 5000 nm, more preferably in the range of 20 nm to
100 nm, most preferably in the range of 20 nm to 50 nm. By
making the level difference between the first alignment
regions 8B and the second alignment regions 8 A not less than
10 nm, disorder in the alignment of liquid crystal molecules
can be effectively prevented in the vicinities of the boundaries
between the first alignment regions 8B and the second align-
ment regions 8A. By making the level difference between the
first alignment regions 8B and the second alignment regions
8A not more than 5000 nm, the occurrence of moire due to
interference between a pixel array in a display panel and the
boundaries between the first alignment regions 8B and the
second alignment regions 8A can be reduced.

[0500] Thatthe level difference between the first alignment
regions 8B and the second alignment regions 8A in the pat-
terned alignment film 220q is preferably not less than 10 nm
and not more than 5000 nm holds true for all of the first to fifth
embodiments.

[0501] The level difference between the first alignment
regions 8B and the second alignment regions 8A in the pat-
terned alignment film 220a can be determined by the level
difference between the first three-dimensional structure
region and the second three-dimensional structure region of
the mold (distance D1 in FIG. 4, distance Db in FIG. 23(5),
distance h in FIG. 26(f)). From the viewpoint of making the
level difference between the first alignment regions 8B and
the second alignment regions 8A in the patterned alignment
film 220a not less than 10 nm and not more than 5000 nm, the
level difference between the first three-dimensional structure
region and the second three-dimensional structure region in
the mold (distance D1 in FIG. 4, distance Db in FIG. 23(5),
distance h in FI1G. 26(f)) is preferably made in the range of 10
nm to 5000 nm, more preferably in the range of 20 nm to 100
nm, most preferably in the range of 20 nm to 50 nm, as
described above.

[0502] The above description is merely illustrative, and is
not intended to limit the present invention. Any technical idea
or concept that is substantially the same as the inventive
concept as expressed herein should be construed to fall within
the scope of the present invention. For example, though the
mold of the illustrated embodiment is a flat-plate mold, the
present invention is also applicable to a roll mold. Further, as
with the above-described embodiments, the second-layer fine
linear three-dimensional structures of the second three-di-
mensional structure region 121a may be formed in the same
direction as the first-layer fine linear three-dimensional struc-
tures of the first three-dimensional structure region 112a.

Example of the Fifth Embodiment

[0503] The following example illustrates the present inven-
tion in greater detail. In the example, the process steps (a) to
(D) illustrated in FIGS. 25 and 26 are applied to a cylindrical
roll substrate having an outermost first layer.
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Example 1

First Polishing Step

[0504] FIGS. 25(a) and 25(5): Rubbing of a 5-um outer-
most chromium layer (first layer) of the cylindrical substrate
was performed in a 45-degree direction with respect to the
circumferential direction of the cylinder, thereby forming a
first three-dimensional structure region in the entire surface of
the chromium layer.

(Second Layer Forming Step)

[0505] FIG. 25(c): A negative resist, diluted with a solvent,
was applied onto the cylindrical substrate, followed by dry-
ing. Thereafter, the resist was subjected to laser exposure in a
pattern of parallel stripes having a width of 360 pum, and then
to development, followed by removal of unnecessary resist,
thereby forming a pattern of 360 um-wide non-resist portions
and 5 um-high first resist portions with a pitch of 360 pm,
arranged alternately on the chromium layer.

[0506] FIG. 25(d): A chromium layer as a second-layer
film, having a height of 0.1 um, was formed by sputtering on
the first resist portions and the non-resist portions.

(Second Polishing Step)

[0507] FIG. 26(e): Rubbing of the entire surface of the
second-layer film was performed in a 135-degree direction
with respect to the circumferential direction of the cylinder,
thereby forming a second three-dimensional structure region.

(Resist Removing Step)

[0508] FIG. 26(f): The resist portions and the second-layer
film on the resist portions were removed by using a mixed
solution of MEK, IPA and methanol to form first three-di-
mensional regions and second three-dimensional regions
arranged alternately with a pitch o360 pum, thereby obtaining
a mold for a patterned alignment film for three-dimensional
display according to the present invention.

[Evaluation]

[0509] An ultraviolet curable acrylic resin composition,
diluted with a solvent comprising a 4:1 (weight ratio) mixture
of MEK and MIBK, having a solid content o 45% and having
a viscosity of 2500 mPa-s, was applied to a transparent 60
um-thick TAC film as a substrate such that the coating had a
thickness of 8 um, followed by drying at 80° C. for 30 seconds
to evaporate the solvent. After the resin coating was pressed
against the above mold at a load of 1000 MPa/cm by means of
a rubber roll, the resin coating was irradiated with ultraviolet
rays to solidify the resin. The resin was then peeled from the
rubber roll, thereby obtaining a patterned alignment layer-
containing substrate (patterned alignment film).

[0510] The surface configuration of the patterned align-
ment film obtained was measured by means of an atomic
force microscope (AFM). The measurement revealed that
fine linear three-dimensional structures were randomly dis-
tributed with a pitch in the range of about 5 nm to 500 pum, and
that the height of the fine linear three-dimensional structures
was in the range of 1 nm to 100 nm, and the width of the
structures was in the range of 5 nm to 500 nm. The results of
Example 1 thus verify easy production of the patterned align-
ment film.
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Example 2

[0511] A mold for a patterned alignment film for three-
dimensional display according to the present invention was
produced in the same manner as in 0.5 Example 1 except that
instead of the chromium layer, a 2 pm-thick sputtered DLC
layer, formed on a nickel substrate, was used as the first layer.
Evaluation of the mold was made in the same manner as in
Example 1, and the same evaluation results as those of
Example 1 were obtained. However, the adhesion between
the nickel substrate and the DLC layer was found to be weak.
In this regard, it has been confirmed that provision of a silane
coupling layer on the nickel substrate can effectively increase
the adhesion between the nickel substrate and the DLC layer.

Example 3

[0512] A mold for a patterned alignment film for three-
dimensional display according to the present invention was
produced in the same manner as in Example 1 except that
instead of the chromium layer, a 5 pm-thick nickel plating
layer was used as the first layer. Evaluation of the mold was
made in the same manner as in Example 1, and the same
evaluation results as those of Example 1 were obtained. How-
ever, the adhesion between the nickel layer and the chromium
layer upon the resist removing was found to be weak. In this
regard, it has been confirmed that the adhesion between the
nickel layer and the chromium layer can be effectively
increased by subjecting the surface of the nickel layer to
plasma ashing. At present, a mold for a patterned alignment
film for three-dimensional display according to the present
invention can be produced with the use of all of the following
combinations of materials: Ni/Ni, Cr/Cr, Ni/Cr, Cr/Ni, DLC/
Ni and DLC/Cr.

1. A method for producing a mold for a patterned alignment

film for three-dimensional display, comprising:

a first layer forming step of forming a first layer composed
of'a metal material or an inorganic material;

a first three-dimensional structure forming step of forming
a fine linear three-dimensional structure in a surface of
the first layer in an approximately constant direction;

a second layer forming step of forming a second layer,
composed of a metal material or an inorganic material,
on the surface of the first layer after the first three-
dimensional structure forming step;

asecond three-dimensional structure forming step of form-
ing a fine linear three-dimensional structure in a surface
of'the second layer in an approximately constant direc-
tion which is different from or the same as that in the first
three-dimensional structure forming step;

a resist forming step of forming a resist in a parallel stripe
pattern on the surface of the second layer after the sec-
ond three-dimensional structure forming step;

a second layer removing step of removing a part of the
second layer that remains exposed after the resist form-
ing step; and

a resist removing step of removing the resist.

2. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim 1,

wherein the mold for a patterned alignment film for three-

dimensional display is a roll mold having a roll-like
shape.

3. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim 1,
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wherein at least one of the first three-dimensional structure
forming step and the second three-dimensional structure
forming step is performed by roll pressing.

4. A method for producing a mold for a patterned alignment

film for three-dimensional display, comprising:

a first layer preparation step of preparing a first layer com-
posed of a metal material or an inorganic material;

a first three-dimensional structure forming step of forming
afirst fine linear three-dimensional structure in a surface
of the first layer in an approximately constant direction;

a resist forming step of forming a resist in a parallel stripe
pattern on the surface of the first layer after the first
three-dimensional structure forming step;

a second layer forming step of forming a second layer,
composed of a metal material or an inorganic material,
in a parallel stripe pattern on the surface of the first layer
that remains exposed after the resist forming step;

a protective layer forming step of forming a protective
layer, composed of a resist material, on the surface ofthe
first layer;

a second three-dimensional structure forming step of form-
ing a second fine linear three-dimensional structure in a
surface of the second layer in an approximately constant
direction which is different from or the same as the
direction in which the first three-dimensional structure is
formed; and

a removing step of removing the protective layer.

5. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim 4,
wherein the second layer is formed on an exposed part of
the first layer and on the resist in the second layer form-

ing step and,

in the protective layer forming step, the protective layer is
formed by roughly polishing a laminate of the resist and
a part of the second layer overlying the resist.

6. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim 4,
wherein the second layer is formed on an exposed part of
the first layer and on the resist in the second layer form-

ing step and,

in the protective layer forming step, a laminate of the resist
and a part of the second layer overlying the resist is
removed, and subsequently a second resist is formed
such that it covers the first layer and the second layer,
followed by rough polishing of the second resist to form
the protective layer.

7. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim 4,

wherein the mold for a patterned alignment film for three-

dimensional display is a roll mold having a roll-like
shape.

8. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim 4,

wherein at least one of the first three-dimensional structure

forming step and the second three-dimensional structure
forming step is performed by roll pressing.

9. A method for producing a mold for a patterned alignment

film for three-dimensional display, comprising:

a first layer forming step of forming a first layer composed
of a metal;

a first three-dimensional structure forming step of forming
a fine linear three-dimensional structure in a surface of
the first layer in an approximately constant direction;
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a resist forming step of forming a resist in a parallel stripe
pattern on the surface of the first layer after the first
three-dimensional structure forming step;

a second layer forming step of forming a second layer,
composed of an inorganic material, by performing dry
plating of a surface of the resist and an exposed surface
of' the first layer after the resist forming step;

a removing step of removing the resist;

a protective layer forming step of forming a protective
layer by performing wet plating of an exposed part of the
first layer after the removing step;

asecond three-dimensional structure forming step of form-
ing a fine linear three-dimensional structure in a surface
of'the second layer in an approximately constant direc-
tion which is different from or the same as that in the first
three-dimensional structure forming step; and

a removing step of removing the protective layer.

10. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim 9,

wherein the mold for a patterned alignment film for three-
dimensional display is a roll mold having a roll-like
shape.

11. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim 9,

wherein at least one of the first three-dimensional structure
forming step and the second three-dimensional structure
forming step is performed by roll pressing.

12. A method for producing a mold for a patterned align-
ment film for three-dimensional display, having an alternat-
ing stripe pattern of a first three-dimensional structure region
where a fine linear three-dimensional structure is formed in
an approximately constant direction and a second three-di-
mensional structure region where a fine linear three-dimen-
sional structure is formed in an approximately constant direc-
tion different from that of the first three-dimensional
structures, comprising:

a first polishing step of forming the first three-dimensional
structure region in a surface of a first layer composed of
an inorganic material;

a second layer forming step of forming a resist portions in
a stripe pattern on the surface of the first layer, and then
forming a second-layer film, composed of an inorganic
material, on the surfaces of the resist portions and the
non-resist portions, thereby forming a patterned second
layer on the non-resist portions;

asecond polishing step of forming the second three-dimen-
sional structure region by polishing a surface of the
second-layer film in a direction different from that in the
first polishing step; and

a resist removing step of removing the resist portions and
the second-layer film on the resist portions.

13. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim
12,

wherein the thickness of the patterned second layer is not
less than 0.01 um and not more than 1 pm.

14. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim
12,

wherein the thickness of the resist portion is not less than 1
pm and not more than 10 pm.

15. The method for producing a mold for a patterned align-

ment film for three-dimensional display according to claim
12,
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wherein the first layer and the second layer are composed
of the same inorganic material.

16. A method for producing a mold for a patterned align-

ment film for three-dimensional display, comprising:

an underlayer preparation step of preparing an underlayer
composed of a metal material;

a resist forming step of forming a resist in a parallel stripe
pattern on a surface of the underlayer;

a first layer forming step of forming a first layer-forming
layer, composed of an inorganic material having insu-
lating properties, by performing dry plating of the sur-
faces of the underlayer and the resist, and then removing
a laminate of the resist and a part of the first layer-
forming layer overlying the resist, thereby forming a
first layer in a parallel stripe pattern;

a first three-dimensional structure forming step of forming
afirst fine linear three-dimensional structure in a surface
of the first layer in an approximately constant direction;

a second layer forming step of forming a second layer,
composed of a metal material and having a thickness
which is equal to or larger than a thickness of the first
layer, by performing wet plating of only an exposed
surface of the underlayer after the first three-dimen-
sional structure forming step; and

a second three-dimensional structure forming step of form-
ing a second fine linear three-dimensional structure in a
surface of the second layer in an approximately constant
direction different from the direction in which the first
three-dimensional structure is formed.

17. A method for producing a mold for a patterned align-

ment film for three-dimensional display, comprising:

an underlayer preparation step of preparing an underlayer
composed of a metal material;

a resist forming step of forming a resist in a parallel stripe
pattern on a surface of the underlayer;

a first layer forming step of forming a first layer-forming
layer, composed of an inorganic material having insu-
lating properties, by performing dry plating of the sur-
faces of the underlayer and the resist, and then removing
a laminate of the resist and a part of the first layer-
forming layer overlying the resist, thereby forming a
first layer in a parallel stripe pattern;

a first three-dimensional structure forming step of forming
afirst fine linear three-dimensional structure in a surface
of the first layer in an approximately constant direction;

a second layer forming step of forming a second layer,
composed of a metal material and having a thickness
which is larger than a thickness of the first layer, by
performing wet plating of only an exposed surface of the
underlayer after the first three-dimensional structure
forming step; and

a second three-dimensional structure forming step of form-
ing a second fine linear three-dimensional structure in a
surface of the second layer in an approximately constant
direction which is the same as the direction in which the
first three-dimensional structure is formed.

18. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim
16,

wherein the mold for a patterned alignment film for three-

dimensional display is a roll mold having a roll-like
shape.
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19. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim
16,

wherein at least one of the first three-dimensional structure
forming step and the second three-dimensional structure
forming step is performed by roll pressing.

20. A patterned retardation film comprising:

a transparent substrate film;

a patterned alignment film, formed on one surface of the
transparent substrate film, having a surface consisting of
first alignment regions and second alignment regions,
arranged alternately and each region having linear three-
dimensional structure formed therein, with the linear
three-dimensional structure of the second alignment
regions being formed in a direction which is the same as
or different from a direction in which the linear three-
dimensional structure of the first alignment regions are
formed; and

a patterned retardation layer, formed on said surface of the
patterned alignment film, containing a liquid crystal
compound which is aligned by the linear three-dimen-
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sional structure of the first alignment regions and the
linear three-dimensional structures of the second align-
ment regions,

wherein the linear three-dimensional structure of the first

alignment regions and the linear three-dimensional
structure of the second alignment regions have a height
of not less than 1 nm and not more than 500 nm.

21. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim
17,

wherein the mold for a patterned alignment film for three-

dimensional display is a roll mold having a roll-like
shape.

22. The method for producing a mold for a patterned align-
ment film for three-dimensional display according to claim
17,

wherein at least one of the first three-dimensional structure

forming step and the second three-dimensional structure
forming step is performed by roll pressing.
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