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ABSTRACT

(1)
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G7)

The present invention provides a retardation layer capable of
effectively restraining the display quality deterioration with-
out generating a bright and dark pattern in the display image
even when a retardation layer is disposed in between a liquid
crystal cell and a polarizing plate.

The retardation layer comprises a plurality of minute units
(domains) having molecular structure of cholesteric struc-
ture. Moreover, in the retardation layer, the helical pitch ofthe
molecular structure is adjusted such that the selective
reflected wavelength of the selected reflected light deriving
from the molecular structure is shorter than the wavelength of
the incident light on the retardation layer.
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RETARDATION LAYER AND LIQUID
CRYSTAL DISPLAY APPARATUS USING THE
SAME

TECHNICAL FIELD

[0001] The present invention relates to a retardation layer
which is used being incorporated in a liquid crystal display
apparatus or the like. In particular, the present invention
relates to a retardation layer comprising a retardation layer to
function as a negative C plate of a cholesteric regularity, for
compensating the polarizing state of a light in a direction
inclined with respect to the normal of a liquid crystal cell, and
a liquid crystal display apparatus comprising a retardation
layer.

BACKGROUND ART

[0002] As a conventional common liquid crystal display
apparatus, as shown in FIG. 15, one comprising a polarizing
plate 102A on the incident side, a polarizing plate 102B on the
output side, and a liquid crystal cell 104 can be presented. The
polarizing plates 102A and 102B are constituted so that only
a linearly polarized light (it is shown schematically by an
arrow in the figure) having a vibration surface in a predeter-
mined vibration direction is selectively transmitted, and they
are provided facing to each other in the crossed Nicol state so
that each of their vibration direction is perpendicular with
each other. Moreover, the liquid crystal cell 109 comprises a
large number of cells corresponding to the pixels, and is
disposed in between the polarizing plates 102A and 102B.
[0003] Here, in such liquid crystal display apparatus 100, a
case of employing VA (vertical alignment) system, wherein a
nematic liquid crystal having a negative dielectric anisotropy
1s sealed in the liquid crystal cell 104 (in the figure, the liquid
crystal director is shown schematically with dot lines), will be
presented for an example. When the linearly polarized light,
which has been transmitted through the incident side polar-
izing plate 102A, is transmitted through a portion of non-
driven state cell, among the liquid crystal cell 104, its phase is
not shifted, so as to be blocked by the output side polarizing
plate 102B. On the other hand, when it is transmitted through
aportion of the driven state cell, among the liquid crystal cell
104, the phase of the linearly polarized light is shifted so that
a quantity of light corresponding to the phase shift amount is
transmitted through the output side polarizing plate 102B, so
as to be output. Thereby, by optionally controlling the driving
voltage of the liquid crystal cell 104 per each cell, a desired
image can be displayed on the output side polarizing plate
102B side. The liquid crystal display apparatus 100 is not
limited to those having the above-mentioned aspect of the
light transmission and blockage. A liquid crystal display
apparatus having the configuration in which the output light
from a portion of the non-driven state cell, among the liquid
crystal cell 104, is transmitted through the output side polar-
izing plate 102B so as to be output, whereas the output light
from a portion of the driven state cell is blocked by the output
side polarizing plate 102B has also been proposed.

[0004] Considering the case in which the linearly polarized
light is transmitted through a portion of the non-driven state
cell, among the above-mentioned VA system liquid crystal
cell 104, the liquid crystal cell 104 has a birefringence so that
the refractive index in the thickness direction and the refrac-
tive index in the plane direction differ with each other. There-
fore, among the linearly polarized light transmitted through
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the incident side polarizing plate 1024, the incident light
along the normal line of the liquid crystal cell 104 is trans-
mitted through the same without being its phase shifted.
However, among the linearly polarized light transmitted
through the incident side polarizing plate 102A, the phase of
the incident light in the direction inclined with respect to the
normal line of the liquid crystal cell 104 is shifted when
transmitting the liquid crystal cell 104, so as to be elliptically
polarized. This phenomenon derives from the function of the
liquid crystal molecules, aligned in the vertical direction in
the liquid crystal cell 104, as a positive C plate. The size of the
generated phase difference with respect to the light (transmit-
ted light) transmitted through the liquid crystal cell 104 is
influenced by the birefringence value of the liquid crystal
molecules sealed in the liquid crystal cell 104, the thickness
of the liquid crystal cell 104, the wavelength of the transmit-
ted light, or the like.

[0005] Due to the above-mentioned phenomenon, even
when a cell in the liquid crystal cell 104 is in the non-driven
state so that a linearly polarized light is inherently to be
transmitted as it is and blocked by the output side polarizing
plate 102B, a part of the output light, which is in a direction
inclined with respect to the normal line of the liquid crystal
cell 104, is leaked from the output side polarizing plate 102B.

[0006] Therefore, in the above-mentioned conventional
liquid crystal display apparatus 100, a problem is involved in
that the display quality of an image observed from a direction
inclined with respect to the normal line of the liquid crystal
cell 104 is deteriorated mainly due to the contrast deteriora-
tion, compared with an image observed form the front side
(problem of viewing angle dependency).

[0007] In order to improve the problem of viewing angle
dependency in the above-mentioned conventional liquid
crystal display apparatus 100, various techniques have been
developed so far. As one of them, for example as it is disclosed
in Japanese Patent Application Laid Open (JP-A) Nos.
3-67219 or 4-322223, a liquid crystal display apparatus, in
which the optical compensation is carried out by using a
retardation layer (retardation layer showing the birefrin-
gence) having a cholesteric regularity molecular structure and
disposing such retardation layer in between a liquid crystal
cell and a polarizing plate, is known.

[0008] Here, in a retardation optical element having a cho-
lesteric regularity molecular structure, a selective reflected
wavelength represented by A=nav-p (p: helical pitch in the
helical structure of the liquid crystal molecules, nav: average
refractive index in the plane orthogonal to the helical axis) is
adjusted, for example as disclosed in JP-A Nos. 3-67219 or
4-322223, 5o as to be smaller than or larger than the wave-
length of the transmitted light.

[0009] In the retardation optical element as mentioned
above, as in the case of the above-mentioned liquid crystal
cell, the phase of the incident linearly polarized light, in a
direction inclined with respect to the normal line of the retar-
dation layer, is shifted when transmitting the retardation layer
so as to be elliptically polarized. This phenomenon derives
from the function of the cholesteric regularity molecular
structure as a negative C plate. The size of the phase differ-
ence generated with respect to the transmitted light through
the retardation layer (transmitted light) is influenced by the
birefringence value of the liquid crystal molecules in the
retardation layer, the thickness of the retardation layer, the
wavelength of the transmitted light, or the like.



US 2010/0182545 Al

[0010] Therefore, by use of the above-mentioned retarda-
tion optical element, by optionally designing the retardation
layer such that the phase difference generated by the liquid
crystal cell of the VA system, which acts as a positive C plate,
and the phase difference generated in the retardation layer,
which acts as a negative C plate, can be offset, the problem of
the viewing angle dependency of the liquid crystal display
apparatus can dramatically be improved.

[0011] On the other hand, in JP-A No. 7-175065, a liquid
crystal display comprising a large number of micro domains,
of about several pm to several tens um diameter, that are not
fixed is disclosed as a liquid crystal cell of the TN (twisted
nematic) system. A chiral nematic liquid crystal layer used as
a TN liquid crystal is designed so as to function as an optical
rotation layer, not to function as a retardation layer. There-
fore, the twist angle of the above-mentioned TN liquid crystal
is designed such that the twist angles of the above-mentioned
large number of micro domains are same in a range of 0
degree to about 270 degrees (0 to 0.75 pitch when converted
to the chiral pitch). In, the case the chiral pitch of the TN
liquid crystal is presumed to be 1 or more pitches, the selec-
tive reflected wavelength of the TN liquid crystal is longer
than the wavelength of an incident visible light.

[0012] In SID *93 Digest, 622 (1993), R. Holding et al.
discloses, similarly as a liquid crystal cell forming method of
the TN system, a liquid crystal display comprising a liquid
crystal layer, in an amorphous state, which is not fixed. A
chiral nematic liquid crystal layer used as a TN liquid crystal
1s designed so as to function as an optical rotation layer, not to
function as a retardation layer. Therefore, the twist angle of
the above-mentioned TN liquid crystal is designed to be 90
degrees (0.5 pitch when converted to the chiral pitch). The TN
system includes a normally black mode in which a TN cell is
interposed between two polarizing plates with the absorption
axes provided parallel, and a normally white mode in which a
TN cell is interposed between polarizing plates cross Nicol.
According to SID 93 Digest, 622 (1993) by R. Holding et al.,
when TN liquid crystal display comprising a liquid crystal
layer, in an amorphous state, which is not fixed is made into a
normally black mode, the transmission is as much as 3% so as
to induce the contrast deterioration. In the case the chiral pitch
of the TN liquid crystal is presumed to be 1 or more pitches,
the selective reflected wavelength of the TN liquid crystal is
longer than the wavelength of an incident visible light.
[0013] In also SID *94 Digest, 915 (1994), Y. limura et al.
disclose, similarly as a liquid crystal cell forming method of
the TN system, a liquid crystal display comprising a liquid
crystal layer in an amorphous state. The above-mentioned
liquid crystal layer in the amorphous state has a 10 to 100 pm
brush width, with several domains present therebetween, and
the directors of the adjacent domains are substantially con-
tinuous. A chiral nematic liquid crystal layer used as a TN
liquid crystal is designed so as to function as an optical
rotation layer, not to function as a retardation layer. There-
fore, the twist angle of the above-mentioned TN liquid crystal
is designed to be 90 degrees (0.5 pitch when converted to the
chiral pitch). In the case the chiral pitch of the TN liquid
crystal is presumed to be | or more pitches, the selective
reflected wavelength of the TN liquid crystal is longer than
the wavelength of an incident visible light.

[0014] Moreover, JP-A No. 2002-258053 discloses a
mono-domain circularly polarized light extracting optical
element in which directors of liquid crystal molecules, in the
entire range of the liquid crystal layer surface having choles-
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teric regularity, are coincident. Thereby, the bright and dark
pattern, observed at the time of interposing the cholesteric
liquid crystals between the polarizing plates in a cross Nicol
state, is dissolved.

[0015] However, in the case the above-mentioned retarda-
tion optical element (retardation layer having the molecular
structure of the cholesteric regularity) is disposed between
the liquid crystal cell and the polarizing plate, even though the
problem of viewing angle dependency can be improved, there
is a problem that a bright and dark pattern is generated in the
displayed image and that the display quality is extremely
deteriorated, except the case of JP-A No. 2002-258053.

DISCLOSURE OF THE INVENTION

[0016] The present invention has been achieved in consid-
eration to the above-described problems. The object thereof'is
to provide a retardation layer capable of effectively restrain-
ing the display quality deterioration without generating a
bright and dark pattern in a display image, even when a
retardation layer is disposed in between a liquid crystal cell
and a polarizing plate. Also, to provide a retardation optical
element and a liquid crystal display apparatus using the retar-
dation layer.

[0017] To achieve the above-described invention, the
present invention provides a retardation layer having a fixed
cholesteric structure, which functions as a negative C plate,
and is characterized in that, at least on one surface of two
major surfaces of the retardation layer, liquid crystal mol-
ecules, whose directors are not substantially coincident, exist
within a predetermined interval.

[0018] In the retardation layer of the present invention, at
least on one surface, liquid crystal molecules, whose directors
are not substantially coincident, exist within a predetermined
interval. Therefore, for example, even when a retardation
optical element having a retardation layer with a +5% film
thickness distribution, for the production reason, is disposed
in between the liquid crystal cell and the polarizing plate,
since the liquid crystal molecules having different directors
exist within a minute interval, it is actually impossible to
recognize the bright and dark pattern by human eyes. That is,
the bright and dark pattern generated in the display image can
be made more difficult to be recognized, for sure, And thus,
the apparent display quality deterioration can be restrained.
[0019] Further, it is preferable that, also on the other surface
of the two major surfaces of the retardation layer, liquid
crystal molecules, whose directors are not substantially coin-
cident, exist within a predetermined interval. Thereby, the
bright and dark pattern generated in the display image can be
made more difficult to be recognized, further effectively. And
thus, the display quality deterioration can be restrained more
effectively.

[0020] Moreover, the present invention provides a retarda-
tion layer having a fixed cholesteric structure, which func-
tions as a negative C plate, and is characterized in that, at least
on one surface of two major surfaces of the retardation layer,
liquid crystal molecules, whose directors are not substantially
coincident, exist within a predetermined radius region.
[0021] In the retardation layer of the present invention, at
least on one surface, liquid crystal molecules, whose directors
are not substantially coincident, exist within a predetermined
radius region. Therefore, for example, even when a retarda-
tion optical element having a retardation layer with a 5%
film thickness distribution, for the production reason, is dis-
posed in between the liquid crystal cell and the polarizing
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plate, since the liquid crystal molecules having different
directors exist within a minute interval, the bright and dark
pattern generated in the display image can be made more
difficult to be recognized. And thus, the apparent display
quality deterioration can be restrained.

[0022] Further, the present invention provides a retardation
layer having a fixed cholesteric structure, which functions as
a negative C plate, and is characterized in that, on a major
surface of the retardation layer, those twist angles in the
cholesteric structure are not substantially coincident exist at a
location within a predetermined interval.

[0023] In the retardation layer of the present invention,
those twist angles in the cholesteric structure are not substan-
tially coincident exist at a location within a predetermined
interval. Therefore, for example, even when a retardation
optical element having a retardation layer with a +5%
filmthickness distribution, for the production reason, is dis-
posed in between the liquid crystal cell and the polarizing
plate, since those having different twist angles exist within a
minute interval, it is actually impossible to recognize the
bright and dark pattern by human eyes. That is, the bright and
dark pattern generated in the display image can be made more
difficult to be recognized, for sure. And thus, the apparent
display quality deterioration can be restrained.

[0024] Moreover, the present invention provides a retarda-
tion layer having a fixed cholesteric structure, which func-
tions as a negative C plate, and is characterized in that, on a
major surface of the retardation layer, those twist angles in the
cholesteric structure are not substantially coincident existata
location within a predetermined radius region.

[0025] In the present invention, those twist angles in the
cholesteric structure are not substantially coincident exist ata
location within a predetermined radius region. Therefore, for
example, even when a retardation optical element having a
retardation layer with a +5% film thickness distribution, for
the production reason, is disposed in between the liquid crys-
tal cell and the polarizing plate, since those having different
twist angles exist within a minute region, the bright and dark
pattern generated in the display image can be made more
difficult to be recognized. And thus, the apparent display
quality deterioration can be restrained.

[0026] Moreover, the present invention provides a retarda-
tion layer having a fixed cholesteric structure, which func-
tions as a negative C plate, and is characterized in that the
retardation layer comprises, ona cross-sectional surface com-
prising a normal line to a surface of the retardation layer,
within a predetermined radius region, a helical axis structure
region, in which an angle formed by the normal line and a
helical axis of the helical axis structure region having the
cholesteric structure is a clockwise acute angle from the not-
mal line direction, and a helical axis structure region, in which
the angle is a counterclockwise acute angle from the normal
line direction.

[0027] In the present invention, since the retardation layer
comprises, o1 a cross-sectional surface comprising a normal
line to a surface of the retardation layer, within a predeter-
mined radius region, a helical axis structure region, in which
an angle formed by the normal line and a helical axis of the
helical axis structure region having the cholesteric structure is
a clockwise acute angle from the normal line direction, and a
helical axis structure region, in which the angle is a counter-
clockwise acute angle from the normal line direction, coales-
cenceof numbers of the adjacent helical axis structure region,
to become large domains, can be inhibited. Therefore, for
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example, even when a retardation layer with a +5% film
thickness distribution, for the production reason, is disposed
in between the liquid crystal cell and the polarizing plate, the
bright and dark pattern is not generated in the display image
so that the display quality deterioration can be restrained
efficiently.

[0028] In the above-described invention, it is preferable
that a plurality of minute units (domains) having the choles-
teric structure exists. For example, if the liquid crystal mol-
ecule directors of the minute units (domains) are not substan-
tially coincident with each other, or the twist angles in a
cholesteric structure of the minute units (domains) are not
substantially coincident with each other, and a plurality of
such minute units (domains) exist in a state being contacted
with each other, the bright and dark pattern generated in the
display image can be made further difficult to be recognized,
for sure. And thus, the display quality deterioration can cer-
tainly be restrained.

[0029] Further, the present invention provides a retardation
layer having a cholesteric structure which is fixed in a range
that its helical pitch is 1 pitch or more, which functions as a
negative C plate, and 1s characterized in that a plurality of
minute units (domains) having the cholesteric structure exist.
[0030] In the retardation layer of the present invention, a
plurality of minute units (domains) having the cholesteric
structure exists. Therefore, for example, even when a retar-
dation optical element having a retardation layer with a 5%
film thickness distribution, for the production reason, is dis-
posed in between the liquid crystal cell and the polarizing
plate, since the domain is minute, the bright and dark pattern
is not generated in the display image so that the display
quality deterioration can be restrained efficiently.

[0031] In the above-described invention, it is preferable
that a selective reflected wavelength of a selective reflected
light of the cholesteric structure is shorter than the wave-
length of an incident light. When the selective reflected wave-
length of the selected reflected light is set shorter than the
wavelength of the incident light, the minute units (domains)
are considerably smaller than the case with the selective
reflected wavelength of the selected reflected light is set
longer than the wavelength of the incident light, so that the
above-mentioned bright and dark pattern is not observed.
[0032] Moreover in the above-described invention, it is
preferable that a maximum major axis of an inscribed ellipse
on a surface of the minute units (domains) is 40 pm or less.
Thereby, even when the above-mentioned retardation layer is
disposed in between the liquid crystal cell and the polarizing
plate, the bright and dark pattern is not observed in the display
image so that the display quality deterioration can be
restrained efficiently.

[0033] In this case, it is more preferable that the maximum
majoraxis of the inscribed ellipse on the surface ofthe minute
units (domains) is same as or shorter than the wavelength of
the incident light. Thereby, when the above-mentioned retar-
dation layer is disposed in between the liquid crystal cell and
the polarizing plate, generation of the bright and dark pattern
derived from the domain size can be prevented. The reason
thereof is that the size of the domain can hardly be recognized
by light because the size of the domain is same as or smaller
than the wavelength of the above-mentioned incident light.
[0034] Moreover in the above-described invention, it is
preferable that a alignment defect (disclination) distance
between the minute units (domains) is same as or shorter than
the wavelength of the incident light. Thereby, when the
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above-mentioned retardation layer is disposed in between the
liquid crystal cell and the polarizing plate, generation of the
scattering derived from the disclination can be prevented. The
reason thereof is that the disclination can hardly be recog-
nized by light because the size ofthe disclination is same as or
smaller than the wavelength of the above-mentioned incident
light.

[0035] Further in the above-described invention, it is pref-
erable that a haze value, when the retardation layer is mea-
sured based on the JIS-K7105, is 2% or less. Thereby, even
when the above-mentioned retardation layer is disposed in
between the liquid crystal cell and the polarizing plate, the
contrast deterioration can be restrained effectively.

[0036] Moreover in the above-described invention, it is
preferable that the maximum value of the leaked light mea-
sured in a range 0f380 nm to 700 nm, at the time of measuring
the retardation layer interposed between the polarizing plates
in the cross Nicol state, is 1% or less, with a premise that the
leaked light at the time of measuring from the normal line
direction with the polarizing plates in the cross Nicol state is
0% and the leaked light at the time of measuring from the
normal line direction with the polarizing plates in the parallel
state 1s 100%. Thereby, even when the above-mentioned
retardation layer is disposed in between the liquid crystal cell
and the polarizing plate, the contrast deterioration can be
restrained effectively.

[0037] Further in the above-described invention, it is pref-
erable that the helical axis of the minute units (domains)
having the cholesteric structure and the normal line to the
retardation layer surface are not substantially coincident.
Among the above, it is preferable that an average value of the
angle formed by the helical axis of the minute units (domains)
having the cholesteric structure and the normal line to the
retardation layer surface is substantially 0 degree. Thereby,
even when the above-mentioned retardation layer is disposed
in between the liquid crystal cell and the polarizing plate, the
bright and dark pattern is not generated in the display image
so that the display quality deterioration can be restrained
efficiently.

[0038] Moreover in the above-described invention, the
retardation layer may be a laminated retardation layer in
which a second retardation layer is further laminated on the
major surface of the retardation layer. Thereby, the phase
difference amount, which is impossible to exhibit with a
single layer, can be realized.

[0039] Further in the above-described invention, it is pref-
erable that both of the selective reflected lights of the retar-
dation layer and the second retardation layer have the sub-
stantially coincident selective reflected wavelength. Thereby,
the optical property deterioration, when a substance transfer
occurs between the two retardation layers, can be restrained.

[0040] Moreover in the above-described invention, it is
preferable that the retardation layer has a molecular structure
of a three dimensionally cross-linked chiral nematic liquid
crystal, or a molecular state of a polymer cholesteric liquid
crystal in a glass state. Thereby, the molecular structure of the
cholesteric regularity can be stably maintained.

[0041] Further, present invention provides a retardation
optical element comprising a transparent base material, and
the above-described retardation layer formed on the transpar-
ent base material surface.

[0042] Inthiscase,itis preferable thatanalignment layer is
formed in between the transparent base material and the retar-
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dation layer. Thereby, the molecular structure of the choles-
teric regularity can stably be maintained mechanically.
[0043] Further, it is preferable that a color filter layer is
formed in between the transparent base material and the retar-
dation layer. Thereby, the transmittance can be made higher
by preventing the surface reflection of the transparent base
material, the color filter layer, and between the retardation
layers.

[0044] Further, the present invention provides a polarizing
element characterized in that, in the transparent base material
of the above-described retardation optical element, a polariz-
ing layer is disposed on a surface on which the retardation
layer is not formed. In the present invention, since the polar-
izing layer is provided on at least one side of the retardation
optical element, the reflection at the surface of the retardation
optical element will be extremely small so that the generation
of the bright and dark pattern can be effectively restrained.
Also, the contrast can be improved, and the display quality
deterioration can be restrained effectively.

[0045] Further, the present invention provides a liquid crys-
tal display apparatus comprising: a liquid crystal cell; a pair of
polarizing plates disposed so as to interpose the liquid crystal
cell; and the above-described retardation optical element dis-
posed in between the liquid crystal cell and at least one of the
pair of the polarizing plates. Thereby, the generation of the
bright and dark pattern in the liquid crystal display apparatus
canbe restrained, and the contrast can be improved, so that the
display quality deterioration can be restrained.

[0046] Moreover, the present invention provides a method
for manufacturing a retardation optical element comprising:
an alignment layer forming step of forming an alignment
layer on a transparent base material; a coating step of coating
a retardation layer forming coating solution, including a lig-
uid crystal material having the cholesteric regularity for form-
ing a cholesteric liquid crystal structure, on the alignment
layer, in a state that a rubbing treatment is not subjected to the
alignment layer; an alignment treatment step of subjecting an
alignment treatment to the retardation layer formed on the
alignment layer in the coating step; and a fixing step of fixing
the cholesteric liquid crystal structure exhibited in a liquid
crystal phase state in the retardation layer, by subjecting a
solidifying treatment to the retardation layer aligned by the
alignment treatment, so as to be fixed.

[0047] In the present invention, since the retardation layer
is formed on the alignment layer not subjected to the rubbing
treatment, a retardation layer of a small minute unit (domain)
can be provided. Therefore, a retardation optical element
having a good display quality, when used for a liquid crystal
display apparatus or the like, can be manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1is an enlarged schematic cross-sectional view
of a part of a retardation layer as an example of the present
invention.

[0049] FIG. 2is an enlarged schematic cross-sectional view
of a part of a retardation layer as another example of the
present invention.

[0050] FIG. 3 is a transmission type electron microscope
photograph showing an example of the cross-sectional sur-
face of a retardation layer of the present invention.

[0051] FIG. 4 is a transmission type electron microscope
photograph showing another example of the cross-sectional
surface of a retardation layer of the present invention.
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[0052] FIG. 5 is an explanatory diagram for explaining a
retardation layer of the present invention.

[0053] FIG. 6 is a transmission type electron microscope
photograph showing another example of the cross-sectional
surface of a retardation layer of the present invention.
[0054] FIG. 7 is a process diagram for explaining an
example of a method for manufacturing a retardation optical
element of the present invention.

[0055] FIG. 8 is a process diagram for explaining another
example of a method for manufacturing a retardation optical
element of the present invention.

[0056] FIG. 9 is a process diagram for explaining another
example of a method for manufacturing a retardation optical
element of the present invention.

[0057] FIG. 10 is a schematic diagram showing the direc-
tors of the liquid crystal molecules at the adjacent surface
between the layers in the retardation layers of a multiple
layered structure, among the retardation layers according to
an example of the present invention.

[0058] FIG. 11 is a process diagram for explaining another
example of a method for manufacturing a retardation optical
element of the present invention.

[0059] FIG. 12 is a schematic exploded perspective view
showing an example of a polarizing element provided with a
retardation layer of the present invention.

[0060] FIG. 13 is a schematic exploded perspective view
showing an example of a liquid crystal display apparatus
provided with a retardation layer of the present invention.
[0061] FIG. 14 is a schematic exploded perspective view
showing the configuration in the case of observing a retarda-
tion optical element in a state interposed between the polar-
izing plates.

[0062] FIG. 15 is a schematic exploded perspective view
showing the conventional liquid crystal display apparatus.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0063] The present invention includes a retardation layer, a
retardation optical element using the same, and furthermore,
a liquid crystal display apparatus. Hereinafter, each will be
described in detail.

A. Retardation Layer

[0064] First, the retardation layer of the present invention
will be explained. The retardation layer of the present inven-
tion can be classified into six embodiments. Hereinafter, each
embodiment will be explained.

1. First Embodiment

[0065] The first embodiment of the retardation layer of the
present invention is a retardation layer having a cholesteric
structure which is fixed in a range that its helical pitch is 1
pitch or more, functions as a negative C plate, and is charac-
terized in that a plurality of minute units (domains) having the
cholesteric structure exist. Moreover, it is more preferable
that a selective reflected wavelength of a selective reflected
light of the cholesteric structure is shorter than the wave-
length of a major incident light.

[0066] In this embodiment, since the above-mentioned
minute units (domains) having the cholesteric structure exist
in a plurality in the above-mentioned retardation layer. There-
fore, for example, even when a retardation layer with a 5%
film thickness distribution, for the production reason, is dis-
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posed in between the liquid crystal cell and the polarizing
plate, since the domain is minute, the bright and dark pattern
is not generated in the display image so that the display
quality deterioration can be restrained efficiently. The reason
thereof is that when the selective reflected wavelength of the
selected reflected light is set shorter than the wavelength of
the incident light, the minute units (domains) are consider-
ably smaller than the case when the selective reflected wave-
length of the selected reflected light is set longer than the
wavelength of the incident light. Thus, the uneven pattern,
observed in FIG. 2 of above-mentioned SID *94 Digest, 915
(1994) by Y. limura et al., for example, is not observed so as
not to generate the bright and dark pattern.

[0067] For the reason why the above-mentioned phenom-
enon is brought about, apparent evidence has not been found
so far. However, we presume as follows. That is, when the
selective reflected wavelength of the cholesteric structure is
set on the long wavelength side, the size of the minute units
(domains) formed on the alignment layer not subjected to the
rubbing treatment is relatively large. Thus, they are visible
size so that opaqueness is generated due to the scattering
phenomenon. On the other hand, when the selective reflected
wavelength of the cholesteric structure is set on the short
wavelength side, the size of the minute units (domains)
formed on the alignment layer not subjected to the rubbing
treatment is relatively small. Thus, they are not visible size so
that the scattering phenomenon is not caused.

[0068] Hereinafter, the retardation layer of this embodi-
ment will be explained in detail with reference to the draw-
ings.

[0069] FIG.1isaschematic view showing a cross-sectional
surface of an example of a retardation layer of this embodi-
ment. As shown in FIG. 1, the retardation layer 10 of this
embodiment comprises a large number of minute units (do-
mains) 12 having the molecular structure of the cholesteric
regularity (helical structure).

[0070] Here, the minute units (domains), having the
molecular structure of the cholesteric regularity, has an opti-
cal rotation selective property (polarized light separating
property) of separating an optical rotation component (circu-
larly polarized light component) of one direction from an
optical rotation component of the opposite direction, based on
the physical molecular arrangement (planer arrangement) of
the liquid crystal molecules. Such phenomenon is known as
the circular dichroism. By optionally selecting the optical
rotation direction in the helical structure of the liquid crystal
molecules, the circularly polarized light component having
the same optical rotation direction as this optical rotation
direction is selectively reflected.

[0071] The maximum optical rotation polarized light scat-
tering (peak of the selective reflection) in this case is gener-
ated at the wavelength A, of the following formula (1)

ho=nav-p (1)

[0072] Here, p is the helical pitch in the helical structure of
the liquid crystal molecules, and nav is the average refractive
index in the plane orthogonal to the helical axis.

[0073] On the other hand, the wavelength band width Ak of
the selective reflected light in this case is represented by the
following formula (2).

Ah=Anp 2)
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[0074] Here, Anis a birefringence value represented as the
difference between the refractive index with respect to an
ordinary light and the refractive index with respect to an
extraordinary light.

[0075] That is, in the minute units (domains) having such a
molecular structure of the cholesteric regularity, according to
the above-mentioned polarized light separating property, one
of the clockwise or counterclockwise circular polarized light
components, in a range of the wavelength band width Ak
centering the selective reflected wavelength A,, among an
incident non-polarized light is reflected, and light of the other
circular polarized light components and light (non-polarized
light) of the wavelength region other than the selective
reflected wavelength are transmitted. Unlike the ordinary
reflection, the reflected clockwise or counterclockwise circu-
larly polarized light component is reflected without inversion
of the rotation direction.

[0076] Moreover, in this embodiment, the helical pitch of
the molecular structure in the minute units (domains) is
adjusted such that the selective reflected wavelength of the
selected reflected light deriving from the molecular structure
is shorter than the wavelength of the incident light incident on
the minute units (domains).

[0077] Inthisembodiment, it is preferable that the selective
reflected wavelength of the above-mentioned selected
reflected light is shorter than the wavelength of the incident
light. Moreover, since the incident light is usually a visible
light, the above-mentioned selective reflected wavelength is
preferably shorter than the wavelength of a visible light.
Specifically, it is preferably 380 nm or less, and it is particu-
larly preferably 280 nm or less. As to the lower limit, although
it is not particularly limited, it is generally 150 nm or more.
[0078] There are following three reasons for adjusting the
selective reflected wavelength of the selective reflected light
s0 as to be smaller than the incident light, in particular, the
wavelength of a visible light.

[0079] For the first reason, in order to prevent reflection of
the incident light by the selective reflection due to the molecu-
lar structure of the cholesteric regularity, it is necessary that
the selective reflected wavelength is smaller than or larger
than the wavelength of the incident light. Therefore, in the
case the incident light on the minute units (domains) is a
visible light (wavelength band width: 380 nm to 780 nm), it is
preferable that it is out of the band width of the above-
mentioned range, and the selective reflected wavelength is
preferably smaller than 380 nm or larger than 780 nm.
[0080] For the second reason, in order to exhibit the func-
tion as a negative C plate (function as a retardation layer) by
the minute units (domains) so as not to exhibit the optical
rotation function like a TN liquid crystal, it is preferable that
the selective reflected wavelength is smaller than the wave-
length ofthe incident light. In the case the incident light on the
minute units (domains) is a visible light, as mentioned above,
the selective reflected wavelength is preferably 380 nm or
less.

[0081] The third reason is that when the selective reflected
wavelength is set shorter than the wavelength of the incident
light, the minute units (domains) become considerably
smaller than the case when the selective reflected wavelength
of the selective reflected light is set longer than the wave-
length of the incident light, so that the bright and dark pattern
is not be observed. For the reason why the above-mentioned
phenomenon is brought about, apparent evidence has not
been found so far. However, we presume as follows.
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[0082] That is, when the case the selective reflected wave-
length of the cholesteric structure is set on the long wave-
length side, the size of the minute units (domains) formed on
the alignment layer not subjected to the rubbing treatment is
relatively large so as to be visible. Thus, opaqueness is gen-
erated due to the scattering phenomenon. On the other hand,
when the selective reflected wavelength of the cholesteric
structure is set on the short wavelength side, the size of the
minute units (domains) formed on the alignment layer not
subjected to the rubbing treatment is relatively small so as not
to be visible. Thus, the scattering phenomenon is not caused.
[0083] Moreover, in this embodiment, as shown in FIG. 1,
since a plurality of the minute units (domains) 12 existing in
the retardation layer 10 do not employ the optical rotation
function like a TN liquid crystal, the film thickness of each is
adjusted such that the helical pitch is 1 pitch or more, or
preferably 5 pitches or more. The specific number of the
pitches can be calculated from the desired film thickness (see
K. Kashima et al., IDW °02, 413 (2002)).

[0084] In this embodiment, the twist angles in the choles-
teric structure, of a plurality of the minute units (domains)
existing in the retardation layer, may be substantially not
coincident with each other.

[0085] For example, as shown in FIG. 2, when the retarda-
tion layer 10 has a film thickness distribution, the twist angles
of the minute units (domains) 12 are not coincident with each
other. Such a state will be a critical defect in the case of a TN
mode liquid crystal utilizing the optical rotation function.
However, the present invention is intended to shift the phase
of the polarized light, not utilizing the optical rotation func-
tion. Therefore, there will not be a serious problem, only a
slight displacement of the phase shift amount.

[0086] Moreover, as shown in FIG. 1, the retardation layer
10 comprises two major surfaces (wider surfaces) 12A and
12B, disposed orthogonal to the thickness direction and fac-
ing with each other. In this embodiment, it is preferable that,
on one surface 12A of the two major surfaces 12A and 12B of
the retardation layer 10, the directions of the liquid crystal
molecule directors Da, of a plurality of the minute units
(domains) 12, are not substantially coincident. Furthermore,
it is preferable that the directions of the liquid crystal mol-
ecule directors Db, of a plurality of the minute units (do-
mains) 12 on the other surface 12B, are not substantially
coincident. Moreover, in this embodiment, it is preferable that
the liquid crystal molecule directors on each minute unit
(domains) 12 surface are substantially at random.

[0087] In the case the above-mentioned retardation layer
has a film thickness distribution, if a mono-domain is to be
produced by making the directors of the all liquid crystal
molecules on the retardation layer surface coincident, there
arises a problem that a plurality of large island-like domains
(the maximum major axis of the inscribing ellipse on the
domain surface is 5 to 100 mm), which has failed to be a
mono-domain, is visibly recognized as a bright and dark
pattern. On the other hand, in the present invention, a plurality
of minute units (domains) exists in the retardation layer and
the liquid crystal molecule directors on the surface of these
pluralitys of the minute units (domains) are not coincident.
Therefore, even when the retardation layer has the film thick-
ness distribution, the bright and dark pattern is not generated,
and it is advantageous in that the display quality deterioration
can be restrained.

[0088] In the case a mono-domain is to be produced, an
alignment layer subjected to the rubbing treatment may be
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used. In the case a plurality of minute units (domains) is to be
produced, an alignment layer not subjected to the rubbing
treatment may be used. Since these are disclosed in JP-A No.
7-175065, R. Holding et al., SID *93 Digest, 622 (1993), and
Y. limura et al., SID *94 Digest, 915 (1994), explanation is
omitted here. In one word, the above derives from the fact that
an alignment layer not subjected to the rubbing treatment has
an alignment limiting force in the horizontal direction with
respect to the liquid crystal molecules, and the force direction
is at random in the plane.

[0089] Here, whether or not, the direction of the liquid
crystal molecule director in the surface of the minute units
(domains) are substantially coincident, can be judged by the
observation of the cross-sectional surface of the retardation
layer with a transmission type electron microscope. Specifi-
cally, for example as shown in FIG. 3, by observing the
cross-sectional surface of the retardation layer 10, which is
solidified with the molecular structure of the cholesteric regu-
larity, with a transmission type electron microscope, a bright
and dark pattern corresponding to the molecular helical pitch
peculiar to the molecular structure of the cholesteric regular-
ity is observed. Therefore, when there is unevenness in the
density of brightness and darkness, along the plane, on each
surface (surface 12A, for example), it can be judged that the
liquid crystal molecule directors are not substantially coinci-
dent in this plane.

[0090] Theterm “liquid crystal molecule” is generally used
for the meaning as a molecule having both the flowability of
a liquid and the anisotropy of a crystal. However, in this
specification, for the convenience, the term “liquid crystal
molecule” is used also for a molecule solidified while main-
taining the anisotropy provided in a state of the molecule
having the flowability. The examples of the methods, for
solidification while maintaining the anisotropy provided in a
state of the molecule having the flowability, are as follows: a
method in which liquid crystalline molecules having a poly-
merizable group (polymerizable monomer molecules or
polymerizable oligomer molecules) are cross-linked; and a
method in which polymer liquid crystals (liquid crystal poly-
mers) are cooled to a temperature of its glass transition tem-
perature or lower, or the like.

[0091] Moreover, the retardation layer, of this embodiment
having the molecular structure of the cholesteric regularity,
has the anisotropy, that is, the birefringence. Therefore, the
refractive index in the thickness direction and the refractive
index in the plane direction differ, so that the layer functions
as a negative C plate.

[0092] Here, the retardation layer is classified by the orien-
tation of the optical axis and the size of the refractive index in
the optical axis direction with respect to the refractive index in
the direction perpendicular to the optical axis. Those having
the optical axis direction along the plane of the retardation
layer are referred to as an A plate. Those having the optical
axis direction oriented in the normal line direction to, which
is perpendicular to, the retardation layer are referred toasa C
plate. And those having the optical axis direction inclined
with respect to the normal line direction are referred to as an
O plate. Moreover, those having the refractive index in the
optical axis direction larger than the refractive index in the
direction orthogonal to the optical axis are called a positive
plate, and those having the refractive index in the optical axis
direction smaller than the refractive index orthogonal to the
optical axis a negative plate. Therefore, there are classifica-
tions of the positive A plate, the negative A plate, the positive
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C plate, the negative C plate, the positive O plate and the
negative O plate. In this embodiment, the retardation layer
functions as a negative C plate. The negative C plate has the
optical axis direction oriented in the normal line direction to,
which is perpendicular to, the retardation layer. And the
refractive index in the optical axis directionis smaller than the
refractive index in the direction orthogonal to the optical axis.
[0093] That is, in the three dimensional orthogonal coordi-
nate system, with the premise that the refractive indices of the
retardation layer in the plane direction are Nx, Ny and the
refractive index in the thickness direction is Nz, the relation-
ship of Nz<Nx=Ny is satisfied. Therefore, for example as
shown in FIG. 1, when a linearly polarized light is incident on
theretardation layer 10, the incident linearly polarized light in
the normal line 12C direction of the retardation layer 10 is
transmitted without its phase being shifted. However, for the
incident linearly polarized light in a direction inclined with
respect to the normal line 12C of the retardation layer 12, the
phase difference is generated at the time of transmitting
through the retardation layer 10, so as to be an elliptically
polarized light. On the other hand, when an elliptically polar-
ized light is incident in a direction inclined with respect to the
normal line 12C of the retardation layer 10, the incident
elliptically polarized light can be made into a linearly polar-
ized light.

[0094] In each minute unit (domain) 12 of the retardation
layer 10, the direction of the directors Da and Db of the liquid
crystal molecules, in the entire range of the major surfaces
12A and 12B, are substantially coincident.

[0095] Here, in FIG. 1, the reference numeral 12D denotes
the boundary between each minute units (domain) 12, and in
FIG. 1, the reference numeral 12E denotes the helical axis of
each minute unit (domain) 12.

[0096] In this embodiment, the size of the minute unit (do-
main) surface is preferably a degree that cannot be judged
visibly. Specifically, it is preferable that the maximum major
axis of the inscribed ellipse is 90 pm or less, preferably 20 um
or less, more preferably 10 um or less, and particularly pref-
erably 5 um or less. Since the size of the minute unit (domain)
surface is in the above-mentioned range, the minute units
(domains) cannot be judged visibly so that the bright and dark
pattern cannot be recognized visibly. Thus, defects deriving
from the bright and dark pattern can be restrained substan-
tially.

[0097] Furthermore, it is preferable that the size of the
above-mentioned minute unit (domain) surface is same as or
less than the incident wavelength. Particularly, it is preferably
same as or less than the visible light wavelength, that is, 380
nm or less. Also in this case, since the size of the minute unit
(domain) surface is in the above-mentioned range, the gen-
eration of the bright and dark pattern can be restrained prac-
tically.

[0098] Accordingly, when the size of the minute unit (do-
main) surface is made smaller, it is preferable that the selec-
tive reflected wavelength is made shorter, as mentioned
above. Specifically, the selective reflected wavelength maybe
380 nm or less, preferably 280 nm or less.

[0099] For the size of the minute unit (domain) surface in
this embodiment, the actual measurement value by a polar-
ization microscope may be used. In the case the size of the
minute unit (domain) surface cannot be recognized with a
polarization microscope, an analysis technique utilizing the
electronorthe like, instead of the light, such as aAFM, aSEM
and a TEM can be used.
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[0100] Moreover, in this embodiment, it is preferable that
each helical axis of a plurality of the minute units (domains)
and the normal line to the retardation layer surface are not
substantially coincident. For example, as shown in FIG. 1, in
the case the helical axis 12E of the plurality of the minute
units (domains) 12 and the normal line 12C to the retardation
layer surface are not substantially coincident, the plurality of
the minute units can further be made smaller. The reason
thereof is that coalescence of a plurality of adjacent minute
units (domains) into a larger domain can be prevented.

[0101] Accordingly, in order to have the helical axis of a
plurality of the minute units (domains)) and the normal line to
the retardation layer surface not substantially coincident, a
method of directing wind to the retardation layer surface
when the retardation layer is manufactured, or the like may be
used.

[0102] Furthermore, it is preferable that the average value
of the angle formed by each helical axis of the above-men-
tioned plurality of the minute units (domains) having the
cholesteric structure and the normal line to the above-men-
tioned retardation layer surface is substantially 0 degree.
Since the average value of the angle formed by each helical
axis of the above-mentioned plurality of the minute units
(domains) having the cholesteric structure and the normal
line to the above-mentioned retardation layer surface is sub-
stantially 0 degree, even when the above-mentioned retarda-
tion layer is disposed in between the liquid crystal cell and the
polarizing plate, the bright and dark pattern is not generated in
the display image, so that the display quality deterioration can
be restrained further effectively.

[0103] Moreover, in this embodiment, it is preferable that
the alignment defect (disclination) distance between the
minute units (domains) is same as or less than the incident
light wavelength. Specifically, it is preferably same as or less
than the wavelength of a visible light, that is, 380 nm or less,
in particular, 280 nm or less. Since the alignment defect
(disclination) distance between the minute units (domains) is
in the above-mentioned range, scattering due to the disclina-
tion will not be generated.

[0104] Accordingly, in the case the alignment defect (dis-
clination) distance between the minute units (domains) is to
be made smaller, the selective reflected wavelength may be
made shorter, as mentioned above. Specifically, the selective
reflected wavelength may be 380 nm or less, and preferably
280 nm or less.

[0105] Moreover, the haze value at the time of measuring
the above-mentioned retardation layer based on the JIS-
K7105 is preferably 10% or less, more preferably 2% or less,
and particularly 1% or less. Since the above-mentioned haze
value is in the above-mentioned range, scattering due to the
disclination between the minute units (domains) will not be
generated. Thus, the contrast deterioration can effectively be
restrained even when the above-mentioned retardation layer
is disposed in between the liquid crystal cell and the polariz-
ing plate.

[0106] By restraining the scattering due to the disclination
between the above-mentioned minute units (domains), the
haze value at the time of measuring based on the JIS-K7105
can be restrained to 10% or less, more preferably 2% or less,
furthermore 1% or less. For doing so, the selective reflected
wavelength may be made shorter, as mentioned above. Spe-
cifically, the selective reflected wavelength may be 380 nm or
less, and preferably 280 nm or less.
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[0107] In this embodiment, with a premise that the leaked
light at the time of measuring from the normal line direction
with the polarizing plates in the cross Nicol state is 0% and the
leaked light at the time of measuring from the normal line
direction with the polarizing plates in the parallel state is
100%, it is preferable that the maximum value of the leaked
light measured in the range of 380 nm to 700 nm at the time
of measuring the above-mentioned retardation layer inter-
posed between the polarizing plates in the cross Nicol state is
1%orless, and it is particularly preferably 0.1% orless. Since
the maximum value of the above-mentioned leaked light is in
the above-mentioned range, even when the above-mentioned
retardation layer is disposed in between the liquid crystal cell
and the polarizing plate, the contrast deterioration can effec-
tively be restrained.

[0108] By making the above-mentioned haze value smaller,
the above-mentioned maximum value of the leaked light can
be restrained to 1% or less, furthermore, to 0.1% or less. For
doing so, the selective reflected wavelength may be made
shorter, as mentioned above. Specifically, the selective
reflected wavelength may be 380 nm or less, and preferably
280 nm or less.

[0109] Moreover, as the material used for the above-men-
tioned retardation layer, a liquid crystal material exhibiting
the cholesteric liquid crystal phase can be used. The liquid
crystal material is not particularly limited as long as it has the
cholesteric regularity, and a polymerizable liquid crystal
material (polymerizable monomer or polymerizable oligo-
mer) or a liquid crystal polymer can be used.

[0110] In this embodiment, among the above-mentioned
materials, it is preferable to use a three dimensionally cross
linkable polymerizable monomer or polymerizable oligomer
because the liquid crystal molecules can be fixed optically in
the cholesteric liquid crystal state. Thus, a film easy to be
handled as an optical film, which is stable at the room tem-
perature, can be provided. The “three dimensional cross link-
ing” denotes polymerization of the polymerizable monomer
molecules or the polymerizable oligomer molecules three
dimensionally with each other, so as to provide a mesh (net-
work) structure.

[0111] Moreover, a liquid crystal polymer (polymer cho-
lesteric liquid crystal), which can be solidified into a glass
state by cooling, can also be used. Also in this case, the liquid
crystal molecules can be fixed optically in the cholesteric
liquid crystal state. Thus, a film easy to be handled as an
optical film, which is stable at the room temperature, can be
provided.

[0112] As the above-mentioned three dimensionally cross
linkable polymerizable monomer, a mixture of a liquid crys-
talline monomer and a chiral compound as disclosed in JP-A
Nos. 7-258638, 11-513019 or 9-506088, 10-508882 can be
used. For example, by adding a chiral agent to a liquid crys-
talline monomer exhibiting the nematic liquid crystal phase,
a chiral nematic liquid crystal (cholesteric liquid crystal) can
be obtained. The method for manufacturing a cholesteric thin
film is disclosed also in JP-A Nos. 2001-5684 and 2001-
10045. As such a liquid crystalline monomer, for example, the
compounds represented by the general formulae (1) to (11)
can be used. Here, in the case of a liquid crystalline monomer
represented by the general formula (11), X is preferably 2 to
5 (integer).
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Xis an integer of 2 to 5

[0113] Moreover, as the above-mentioned chiral agent, for erably 2 to 12 (integer). Moreover, in the case of a chiral agent
example, itis preferable to use a compound represented by the represented by the general formula (19), X is preferably 2 to
general formulae (12) to (14). In the case of a chiral agent 5 (integer). Here, in the general formula (12), R* denotes a

represented by the general formulae (12) and (13), X is pref- hydrogen or a methyl group.
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[0114] Moreover, as the above-mentioned three dimen-
sionally cross linkable polymerizable oligomer, a cyclic
organo polysiloxane compound having a cholesteric phase as
disclosed in JP-A No. 57-165480, or the like can be used.

[0115] Furthermore, as the above-mentioned liquid crystal
polymer: a polymer, in which a mesogen group exhibiting
liquid crystal is introduced at the positions of the principal
chain, the side chain, or both of the principal chain and the
side chain; a polymer cholesteric liquid crystal having a chor-
esteryl group introduced to the side chain; a liquid crystalline
polymer as disclosed in JP-A No. 9-133810; a liquid crystal-
line polymer as disclosed in JP-A No. 11-293252; or the like
can be used.

[0116] The retardation layer of this embodiment is not lim-
ited to one comprising one layer, but it may be a laminated
retardation layer formed by laminating a second retardation
layer, or further, a plurality of retardation layers as needed, on
the major surface of the retardation layer.

[0117] By providing the retardation layer as a laminated
member of a plurality of the retardation layers, various optical
compensations can also be realized by using the retardation
layers having different birefringence values, helical pitches,
or the like.

[0118] Insuch a laminated retardation layer having a mul-
tiple layer structure, in the two major surfaces facing with
each other, located on the outermost surfaces of each retar-
dation layer, even though the directors of the liquid crystal
molecules in each minute unit (domain) are substantially
coincident, the director of each minute unit (domain) is not
substantially coincident with each other.

[0119] Moreover, it is preferable that the selective reflected
lights of the above-mentioned retardation layer and the
above-mentioned second retardation layer have the substan-
tially same selective reflected wavelength. Furthermore, it is
preferable that the liquid crystalline materials used for form-
ing each retardation layer have the substantially same com-
ponents. Thereby, the substance transfer between the above-
mentioned retardation layer and the above-mentioned second
retardation layer can be prevented substantially so that a
laminated retardation layer can be manufactured as a lamina-
tion of further uniform retardation layer.
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2. Second Embodiment

[0120] The second embodiment of the retardation layer of
the present invention is a retardation layer having a fixed
cholesteric structure, functions as a negative C plate, and is
characterized in that, at least on one surface of two major
surfaces of the retardation layer, liquid crystal molecules,
whose directors are not substantially coincident, exist within
an interval of 100 pm, preferably within an interval of 10 pm.
[0121] Moreover, it is preferable that also on the other
surface of two major surfaces of the retardation layer, liquid
crystal molecules, whose directors are not substantially coin-
cident, exist within a predetermined interval.

[0122] At the time, in the retardation layer, it is preferable
that: a plurality of minute units (domains) having the choles-
teric structure exists; within the minute unit (domain), the
directors of the liquid crystal molecules are substantially
coincident; and such minute units (domains) are in a state
adjacent with each other.

[0123] Furthermore, it is more preferable that the selective
reflected wavelength of the selective reflected light of the
above-mentioned cholesteric structure is shorter than the
wavelength of the incident light.

[0124] In this embodiment, on major surface of the retar-
dation layer, liquid crystal molecules, whose directors are not
substantially coincident, exist within a predetermined inter-
val. Therefore, for example, even when a retardation layer
with a 5% film thickness distribution, for the production
reason, is disposed in between the liquid crystal cell and the
polarizing plate, since the liquid crystal molecules having
different directors exist within a minute interval, the bright
and dark pattern is not generated in the display image. And
thus, the display quality deterioration can be restrained effec-
tively. The reason thereof is that, since the liquid crystal
molecules having different directors exist in a minute inter-
val, the human eyes cannot recognize the bright and dark
pattern. Also, by setting the selective reflected wavelength of
the selective reflected light of the above-mentioned choles-
teric structure shorter than the wavelength of the incident
light, the minute units (domains) are considerably smaller
than the case when the selective reflected wavelength of the
selected reflected light is set longer than the wavelength ofthe



US 2010/0182545 Al

incident light. Thus, the uneven pattern observed in, for
example, FIG. 2 of the above-described Y. limura et al., SID
*94 Digest, 915 (1994) is not observed so as not to generate
the bright and dark pattern.

[0125] The existence of ones whose directors of the liquid
crystal molecules not substantially coincident can be con-
firmed by the observation of the cross-sectional surface of the
retardation layer with a transmission type electron micro-
scope as in the above-mentioned first embodiment.

[0126] Moreover, in this embodiment, “the directors of the
liquid crystal molecules are not substantially coincident”
denotes that the directors of the liquid crystal molecules are
different in the range of 10 degrees to 170 degrees.

[0127] Since the other points of the retardation layer are
same as those mentioned in the above-mentioned first
embodiment, explanation is not repeated here.

3. Third Embodiment

[0128] The third embodiment of the retardation layer of the
present invention is a retardation layer having a fixed choles-
teric structure, which functions as a negative C plate, and is
characterized in that, at least on one surface of two major
surfaces of the retardation layer, liquid crystal molecules,
whose directors are not substantially coincident, exist within
a 50 um radius region, preferably within a 5 um radius region.
[0129] Moreover, it is preferable that also on the other
surface of two major surfaces of the retardation layer, liquid
crystal molecules, whose directors are not substantially coin-
cident, exist within a predetermined radius region.

[0130] At the time, in the retardation layer, it is preferable
that: a plurality of minute units (domains) having the choles-
teric structure exists; within the minute unit (domain), the
directors of the liquid crystal molecules are substantially
coincident; and such minute units (domains) are in a state
adjacent with each other.

[0131] Furthermore, it is more preferable that the selective
reflected wavelength of the selective reflected light of the
above-mentioned cholesteric structure is shorter than the
wavelength of the incident light.

[0132] In this embodiment, on major surface of the retar-
dation layer, liquid crystal molecules, whose directors are not
substantially coincident, exist within a predetermined radius
region. Therefore, for example, even when a retardation layer
with a 5% film thickness distribution, for the production
reason, is disposed in between the liquid crystal cell and the
polarizing plate, since the liquid crystal molecules having
different directors exist within a minute radius region, the
bright and dark pattern is not generated in the display image.
And thus, the display quality deterioration can be restrained
effectively. The reason thereof is that, since the liquid crystal
molecules having different directors exist in a minute radius
region, the human eyes cannot recognize the bright and dark
pattern. Also, by setting the selective reflected wavelength of
the selective reflected light of the above-mentioned choles-
teric structure shorter than the wavelength of the incident
light, the minute units (domains) are considerably smaller
than the case when the selective reflected wavelength of the
selected reflected light is set longer than the wavelength of the
incident light. Thus, the uneven pattern observed in, for
example, FIG. 2 of the above-described Y. limura et al., SID
’94 Digest, 915 (1994) is not observed so as not to generate
the bright and dark pattern.

[0133] The existence of ones whose directors of the liquid
crystal molecules not substantially coincident can be con-
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firmed by the observation of the cross-sectional surface of the
retardation layer with a transmission type electron micro-
scope as in the above-mentioned first embodiment.

[0134] Moreover, “the directors of the liquid crystal mol-
ecules are not substantially coincident” denotes the same as
described in the column of the above-described second
embodiment.

[0135] Inthisembodiment, itis preferable that the directors
of the liquid crystal molecules, that are not substantially
coincident, exist within a predetermined radius region by
10% or more, more preferably 50% or more. Since the direc-
tors of the liquid crystal molecules, that are not substantially
coincident, exist in the above-mentioned range, the bright and
dark pattern generated in the display image can be made more
difficult to be recognizable, for sure.

[0136] Since the other points of the retardation layer are
same as those mentioned in the above-mentioned first
embodiment, explanation is not repeated here.

4. Fourth Embodiment

[0137] The fourth embodiment of the retardation layer of
the present invention is a retardation layer having a fixed
cholesteric structure, which functions as a negative C plate,
and is characterized in that, on a major surface of the retar-
dation layer, those twist angles in the cholesteric structure are
not substantially coincident exist at a location within an inter-
val of 100 um, preferably within an interval of 10 um.
[0138] At the time, in the retardation layer, it is preferable
that: a plurality of minute units (domains) having the choles-
teric structure exists; within the minute unit (domain), twist
angles in the cholesteric structure are substantially coinci-
dent; and such minute units (domains) are in a state adjacent
with each other.

[0139] Furthermore, it is more preferable that the selective
reflected wavelength of the selective reflected light of the
above-mentioned cholesteric structure is shorter than the
wavelength of the incident light.

[0140] In this embodiment, on major surface of the retar-
dation layer, those twist angles in the cholesteric structure are
not substantially coincident exist at a location within a pre-
determined interval. Therefore, for example, even when a
retardation layer with a £5% film thickness distribution, for
the production reason, is disposed in between the liquid crys-
tal cell and the polarizing plate, since those twist angles are
different exist within a minute interval, the bright and dark
pattern is not generated in the display image. And thus, the
display quality deterioration can be restrained effectively.
The reason thereof is that, since those twist angles are differ-
ent exist within a minute interval, the human eyes cannot
recognize the bright and dark pattern. Also, by setting the
selective reflected wavelength of the selective reflected light
of the above-mentioned cholesteric structure shorter than the
wavelength of the incident light, the minute units (domains)
are considerably smaller than the case when the selective
reflected wavelength of the selected reflected light is set
longer than the wavelength of the incident light. Thus, the
uneven pattern observed in, for example, F1G. 2 of the above-
described Y. limura et al., SID *94 Digest, 915 (1994) 1s not
observed so as not to generate the bright and dark pattern.
[0141] Theexistence ofthose twist angles in the cholesteric
structure are not substantially coincident can be confirmed by
the observation of the cross-sectional surface of the retarda-
tion layer with a transmission type electron microscope. Spe-
cifically, for example as shown in FIG. 4, by observing the
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cross-sectional surface of the retardation layer 10 fixed with
the molecular structure of the cholesteric regularity with a
transmission type electron microscope, the bright and dark
pattern corresponding to the pitch of the molecular helix,
peculiar to the molecular structure of the cholesteric regular-
ity can be observed. Therefore, if those having different
pitches exist, it can be judged that those twist angles in the
cholesteric structure are not substantially coincident exist. In
FIG. 4, 12 A and 12B are the major surfaces of the retardation
layer 10, and the retardation layer 10 has a film thickness
distribution. Moreover, the reference numeral 13 is a TAC
film and an alignment layer, and the TAC film, the alignment
layer, and the retardation layer are laminated in this order.
[0142] Moreover, in this embodiment, “the twist angles in
the cholesteric structure are not substantially coincident”
denotes that the twist angles are different by 10 degrees or
more. Inparticular, it is preferable that they are different by 90
degrees or more.

[0143] Since the other points of the retardation layer are
same as those mentioned in the above-mentioned first
embodiment, explanation is not repeated here.

5. Fifth Embodiment

[0144] The fifth embodiment of the retardation layer of the
present invention is a retardation layer having a fixed choles-
teric structure, which functions as a negative C plate, and is
characterized in that, on a major surface of the retardation
layer, those twist angles in the cholesteric structure are not
substantially coincident exist at a location within a 50 pm
radius region, preferably within a 5 um radius region.
[0145] At the time, in the retardation layer, it is preferable
that: a plurality of minute units (domains) having the choles-
teric structure exists; within the minute unit (domain), twist
angles in the cholesteric structure are substantially coinci-
dent; and such minute units (domains) are in a state adjacent
with each other.

[0146] Furthermore, it is more preferable that the selective
reflected wavelength of the selective reflected light of the
above-mentioned cholesteric structure is shorter than the
wavelength of the incident light.

[0147] In this embodiment, on major surface of the retar-
dation layer, those twist angles in the cholesteric structure are
not substantially coincident exist at a location within a pre-
determined radius region. Therefore, for example, even when
aretardation layer with a £5% film thickness distribution, for
the production reason, is disposed in between the liquid crys-
tal cell and the polarizing plate, since those twist angles are
different exist within a minute region, the bright and dark
pattern is not generated in the display image. And thus, the
display quality deterioration can be restrained effectively.
The reason thereof is that, since those twist angles are differ-
ent exist within a minute region, the human eyes cannot
recognize the bright and dark pattern. Also, by setting the
selective reflected wavelength of the selective reflected light
of the above-mentioned cholesteric structure shorter than the
wavelength of the incident light, the minute units (domains)
are considerably smaller than the case when the selective
reflected wavelength of the selected reflected light is set
longer than the wavelength of the incident light. Thus, the
uneven pattern observed in, for example, F1G. 2 of the above-
described Y. Timura et al., SID *94 Digest, 915 (1994) is not
observed so as not to generate the bright and dark pattern.
[0148] Theexistenceofthose twist angles in the cholesteric
structure are not substantially coincident can be confirmed by
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the observation of the cross-sectional surface of the retarda-
tion layer with a transmission type electron microscope, as in
the above-mentioned fourth embodiment.

[0149] Moreover, “the twist angles in the cholesteric struc-
ture are not substantially coincident” denotes the same as
described in the above-described column of the fourth
embodiment.

[0150] Inthe present embodiment, it is preferable that those
twist angles in the cholesteric structure are not substantially
coincident exist at a location within a predetermined radius
region by 10% or more, more preferably by 50% or more.
Since those twist angles in the cholesteric structure are not
substantially coincident exist in the above-mentioned range,
the bright and dark pattern generated in the display image can
be made more difficult to be recognizable, for sure.

[0151] Since the other points of the retardation layer are
same as those mentioned in the above-mentioned first
embodiment, explanation is not repeated here.

6. Sixth Embodiment

[0152] Thesixth embodiment of the retardation layer of the
present invention is a retardation layer having a fixed choles-
teric structure, which functions as a negative C plate, and is
characterized in that the retardation layer comprises, on a
cross-sectional surface comprising a normal line to a surface
of the retardation layer, within a 50 um radius region, prefer-
ably within a 5 pum radius region, a helical axis structure
region, in which an angle formed by the normal line and a
helical axis of the helical axis structure region having the
cholesteric structure is a clockwise acute angle from the nor-
malline direction, and a helical axis structure region, in which
the angle is a counterclockwise acute angle from the normal
line direction.

[0153] Here, the helical axis structure region in this
embodiment denotes, for exaniple as shown in FIG. 5, among
the cholesteric structure, a block structure H of a cholesteric
liquid crystal having a helical axis 12E in a substantially
constant direction, which has a substantially 1 pitch or more
of the helical pitch.

[0154] Moreover, for example as shown in FIG. 5, the retar-
dation layer 10 comprises a helical axis structure region H, in
which the helical axis 12E forms an acute angle o in the
clockwise direction with respect to the normal line 12Cto the
retardation layer 10, and a helical axis structure region H in
which the helical axis 12E forms an acute angle f in the
counterclockwise direction with respect to the normal line
12C of the retardation layer 10.

[0155] At the time, in the retardation layer, it is preferable
that: a plurality of minute units (domains) having the choles-
teric structure exists; within the minute unit (domain), the
angles of the helical axis of the helical axis structure region
are substantially coincident; and such minute units (dornains)
are in a state adjacent with each other.

[0156] Furthermore, it is more preferable that the selective
reflected wavelength of the selective reflected light of the
above-mentioned cholesteric structure is shorter than the
wavelength of the incident light.

[0157] In the present embodiment, since the retardation
layer comprises, on a cross-sectional surface comprising a
normal line to a surface of the retardation layer, within a
predetermined radius region, a helical axis structure region, in
which an angle formed by the normal line and a helical axis of
the helical axis structure region having the cholesteric struc-
ture is a clockwise acute angle from the normal line direction,
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and a helical axis structure region, in which the angle is a
counterclockwise acute angle from the normal line direction,
coalescence of numbers of the adjacent helical axis structure
region, to become large domains, can be inhibited. Therefore,
for example, even when a retardation layer with a +5% film
thickness distribution, for the production reason, is disposed
in between the liquid crystal cell and the polarizing plate, the
bright and dark pattern is not generated in the display image
so that the display quality deterioration can be restrained
efficiently. The reason thereof is that, since the retardation
layer comprises a plurality of helical axis structure region,
those having different helical axis angles, in a minute region,
the human eyes cannot recognize the bright and dark pattern.
Also, by setting the selective reflected wavelength of the
selective reflected light of the above-mentioned cholesteric
structure shorter than the wavelength of the incident light, the
minute units (lomains) are considerably smaller than the case
when the selective reflected wavelength of the selected
reflected light is set longer than the wavelength of the incident
light. Thus, the uneven pattern observed in, for example, FIG.
2 of the above-described Y. limura et al., SID *94 Digest, 915
(1994)1s not observed so as not to generate the bright and dark
pattern.

[0158] Inthis embodiment, for example as shown in FIG. 5,
the retardation layer may also have a helical axis structure
region H having a helical axis 12E in the normal line direction
of the above-mentioned retardation layer 10.

[0159] Here, specifically, as to the angle formed by the
helical axis and the normal line to the retardation layer sur-
face, one having a helical axis structure region in a range of 0
degree to 30 degrees, in particular, in a range of 0 degree to 10
degrees is preferable. When the above-mentioned angle is too
large, due to generation of a wide width disclination, the
bright and dark pattern may be generated, or the haze value is
increased so as to cause the light leakage.

[0160] Moreover, it is preferable that the average value of
the angle formed by each helical axis in the helical axis
structure region and the normal line to the retardation layer
surface is substantially 0 degree. Thereby, even when it is
disposed in between the liquid crystal cell and the polarizing
plate, the bright and dark pattern is not generated in the
display image so that the display quality deterioration can be
restrained further effectively.

[0161] In this embodiment, it is preferable that the helical
axis structure region having the above-mentioned angle is
included in a predetermined radius region by 10% or more,
more preferably 50% or more. Since the helical axis structure
region having the above-mentioned angle is included by the
above-mentioned range, the bright and dark pattern generated
in the display image can be made more difficult to be recog-
nizable, for sure.

[0162] The above-mentioned helical axis angle is referred
to as the value obtained, for example as shown in FIG. 6, by
measuring the angle of a helical axis 12E of the helical axis
structure region, of whose helical pitch of the cholesteric
structure is substantially one pitch or more, and the normal
line 12C to the retardation layer 10 surface, from a photo-
graph of a cross-sectional structure shot by a transmission
electron microscope. Here, in the transmission electron
microscope, for example as shown in FIG. 6, for the above-
mentioned helical pitch of the cholesteric structure, two pairs
of a line observed whitely and a line observed blackly form
one pitch. Moreover, the axis direction of the above-men-
tioned helical axis 12E is the perpendicular direction to the
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line observed whitely or the line observed blackly. In FIG. 6,
the reference numeral 13 is a TAC film and an alignment
layer, and the TAC film, the alignment layer, and the retarda-
tion layer are laminated in this order.

[0163] Since the other points of the retardation layer are
same as those mentioned in the above-mentioned first
embodiment, explanation is not repeated here.

B. Retardation Optical Element

[0164] Next, the retardation optical element of the present
invention will be explained. The retardation optical element
of the present invention comprises a transparent base mate-
rial, and the retardation layer explained in the above-men-
tioned column of “A. Retardation layer”, formed on the
above-mentioned transparent base material surface.

[0165] Itispreferable thatthe retardation optical element of
the present invention has an alignment layer formed on the
above-mentioned transparent base material, and the above-
mentioned retardation layer formed on the surface thereof.
Hereinafter, the base material and the alignment layer will be
explained. Since the retardation layer is same as those
explained in the above-mentioned column of “A. Retardation
layer”, explanation is not repeated here.

1. Transparent Base Material

[0166] Thetransparent base material used in the retardation
optical element of the present invention is not particularly
limited as long as it is a material capable of transmitting a
visible light, and it is preferably one formed with a material
with little optical defect. Specifically, a glass substrate or a
polymer film such as a TAC (cellulose triacetate) film can be
used preferably.

2. Alignment Film

[0167] The alignment layer used in the present invention is
not particularly limited. For example, those known and used
as an alignment layer such as PI (polyimide), PVA (polyvinyl
alcohol), HEC (hydroxyl ethyl cellulose), PC (polycarbon-
ate), PS (polystyrene), PMMA (polymethyl methacrylate),
PE (polyester), PVCi (polyvinyl cinnamate), PVK (polyvinyl
carbazol), a polysilane containing cinnamoyl, a coumarin,
and a chalcon can be used.

[0168] Inthe present invention, in particular, an alignment
layer not subjected to the rubbing treatment can be used
preferably. Thereby, the minute units (domains) in the retar-
dation layer can be made smaller so as to restrain generation
of the bright and dark pattern.

3. Others

[0169] In the present invention, a color filter layer may be
formed in between the above-mentioned transparent base
material and the above-mentioned retardation layer. Thereby,
the transmission can be made higher by preventing the sur-
face reflection between the transparent base material, the
color filter layer, and the retardation layer.

C. Method for Manufacturing a Retardation Optical Element

[0170] Next, the method for manufacturing a retardation
optical element of the present invention will be explained.

[0171] The method for manufacturing a retardation optical
element of the present invention comprises: an alignment
layer forming step of forming an alignment layer on a trans-
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parent base material; a coating step of coating a retardation
layer forming coating solution, including a liquid crystal
material having the cholesteric regularity for forming a cho-
lesteric liquid crystal structure, on the alignment layer, in a
state that a rubbing treatment is not subjected to the alignment
layer; an alignment treatment step of subjecting an alignment
treatment to the retardation layer formed on the alignment
layer in the coating step; and a fixing step of fixing the cho-
lesteric liquid crystal structure exhibited in a liquid crystal
phase state in the retardation layer, by subjecting a solidifying
treatment to the retardation layer aligned by the alignment
treatment, so as to be fixed.

[0172] In such method for manufacturing a retardation
optical element of the present invention, there are several
aspects according to the kind of the liquid crystal material
used for the retardation layer, the number of layers of the
retardation layer, or the like. Hereinafter, the method for
manufacturing a retardation optical element of the present
invention will be explained separately for each aspect.

1. First Aspect

[0173] The first aspect of the method for manufacturing a
retardation optical element of the present invention is an
aspect of forming a retardation layer comprising one layer
using a polymerizable monomer or a polymerizable oligo-
met.

[0174] FIG. 7is a process diagram showing an example of
the method for manufacturing a retardation optical element of
this aspect. First, an alignment layer 16 is formed on a trans-
parent base material 14 (FIG. 7A: alignment layer forming
step), a polymerizable monomer or a polymerizable oligomer
18 is coated on the above-mentioned alignment layer 16
(coating step), and it is aligned by the alignment limiting
force of the above-mentioned alignment layer 16 (FIG. 7B:
alignment treatment step). At the time, the coated polymer-
izable monomer or polymerizable oligomer 18 comprises a
liquid crystal layer. Next, with the alignment state as it is,
polymerization of the polymerizable monomer or polymer-
izable oligomer 18 is initiated by a preliminarily added pho-
topolymerization initiator and an ultraviolet ray 110 irradi-
ated from the outside, or polymerization is initiated directly
by an electron beam 110, so that it is three dimensionally
cross-linked (polymerized) and fixed. Thereby, a retardation
layer 10 comprising one layer, which function as anegative C
plate as mentioned above, can be formed (FIG. 7C: fixing
step).

[0175] In this aspect, by leaving the alignment limiting
force direction of the alignment layer in a random state, not
subjecting to the rubbing treatment, the director direction of
the liquid crystal molecules to be contacted therewith can be
made substantially random in the contact plane, so as to
produce a plurality of minute units (domains).

[0176] Moreover, the polymerizable monomer or polymer-
izable oligomer used in this aspect can be dissolved into a
solvent, so as to be a coating solution, for lowering the vis-
cosity for facilitating the coating operation. In this case, a
drying step for evaporating the solvent is needed before the
three dimensional cross linking by irradiating an ultraviolet
ray or an electron beam. Preferably, a drying step for evapo-
rating the solvent is carried out after carrying out the coating
step of coating the coating solution, and then, an alignment
step of aligning the liquid crystal may be carried out.

[0177] Furthermore, in the case the above-mentioned poly-
merizable monomer or polymerizable oligomer is formed
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into as a liquid crystal layer at a predetermined temperature,
it will be in a nematic state. By adding an optional chiral
agent, a chiral nematic liquid crystal phase (cholesteric liquid
crystal phase) can be provided. Specifically, a chiral agent
may be added by about several % to 20% to the polymerizable
monomer or polymerizable oligomer. Moreover, by changing
the chiral power by changing the kind of the chiral agent, or
by changing the concentration of the chiral agent, the selec-
tive reflected wavelength, deriving from the molecular struc-
ture, of the polymerizable monomer or polymerizable oligo-
mer can be controlled. In this aspect, it is preferable that the
selective reflected wavelength is 380 nm or less, more pref-
erably 280 nm or less.

[0178] The alignment layer used in the present aspect can
be formed by conventionally known method. For example,
the layer can be formed by a method in which a known film
that can be used as an alignment layer, such as PI (polyimide),
PVA (polyvinyl alcohol), HEC (hydroxyl ethyl cellulose), PC
(polycarbonate), PS (polystyrene), PMMA (polymethyl-
methacrylate), PE (polyester), PVCi (polyvinyl cinnamate),
PVK (polyvinyl carbazol), a polysilane containing cin-
namoyl, a coumarin, and a chalcon, is formed into a film on
the base material, and the rubbing treatment is not carried out.
[0179] Inthe caseapolymer film such asa TAC film is used
as the above-mentioned base material, it is preferable to pro-
vide a barrier layer on the base material so that the base
material is not soaked in a solvent of the coating solution with
the polymerizable monomer or the polymerizable oligomer
dissolved. In this case, the above-mentioned alignment layer
may also act as a barrier layer. For example, a water soluble
substance such as a PVA can be used as the alignment layer.

2. Second Aspect

[0180] Next, the second aspect of the method for manufac-
turing a retardation optical element of the present invention
will be explained. The second aspect of the method for manu-
facturing a retardation optical element of the present inven-
tion is an aspect of forming a retardation layer comprising one
layer using a liquid crystal polymer.

[0181] FIG. 8 is a process diagram showing an example of
the method for manufacturing a retardation optical element of
this aspect. First, an alignment layer 16 is formed on a trans-
parent base material 14 (FIG. 8A: alignment layer forming
step). Next, aliquid crystal polymer 34 having the cholesteric
regularity is coated on the alignment layer 16 (coating step),
and it is aligned by the alignment limiting force of the above-
mentioned alignment layer 16 (FIG. 8B: alignment treatment
step). At the time, the coated liquid crystal polymer 34 com-
prises a liquid crystal layer. Thereafter, by cooling the liquid
crystal polymer 34 to the glass transition temperature (Tg) or
lower, so as to be in a glass state, a retardation layer 10
comprising one layer can be formed (FIG. 8C: fixing step).
[0182] Theliquid crystal polymer used in this aspect can be
dissolved into a solvent, so as to be a coating solution, for
lowering the viscosity for facilitating the coating operation.
In this case, a drying step for evaporating the solvent is needed
before the cooling. Preferably, a drying step for evaporating
the solvent is carried out after carrying out the coating step of
coating the coating solution, and then, an alignment step of
aligning the liquid crystal may be carried out.

[0183] Inthecaseapolymer film suchasa TAC film is used
as the base material used in this aspect, it is preferable to
provide a barrier layer on the base material so that the base
material is not soaked into a solvent, of the coating solution
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with the liquid crystal polymer dissolved, and to coat the
liquid crystal thereon. In this case, the above-mentioned
alignment layer may also act as the barrier layer. For example,
a water soluble substance such as a PVA can be used as the
alignment layer.

[0184] AS the liquid crystal polymer used in this aspect, a
cholesteric liquid crystal polymer, a polymer itself having the
chiral ability can be used, or a mixture of a nematic based
liquid crystal polymer and a cholesteric based liquid crystal
polymer may be used as well.

[0185] The state of such liquid crystal polymer is changed
according to the temperature. For example in the case the
glass transition temperature is 90° C. and the isotropic tran-
sition temperature is 200° C., the cholesteric liquid crystal
state is exhibited between 90° C. and 200° C. By cooling the
same to the room temperature, it can be solidified in a glass
state while maintaining the cholesteric structure.

[0186] Moreover, as a method for adjusting the selective
reflected wavelength of the incident light deriving from the
molecular structure of the cholesteric regularity of the above-
mentioned liquid crystal polymer, in the case a cholesteric
liquid crystal polymer is used, the chiral power in the liquid
crystal molecule can be adjusted by a known method. More-
over, in the case a mixture of a nematic based liquid crystal
polymer and a cholesteric based liquid crystal polymer is
used, the mixture ratio thereof can be adjusted. In this aspect,
the selective reflected wavelength 1s 380 nm or less, prefer-
ably 280 nm or less.

[0187] Moreover, if the direction of the alignment limiting
force of the alignment layer used in this aspect is left ran-
domly in the entire range on the alignment layer, the directors
of the liquid crystal molecules on one side surface of the
retardation layer to be contacted therewith can be made sub-
stantially random in the contact plane, so that a plurality of
minute units (domains) can be formed.

3. Third Aspect

[0188] Next, the third aspect of the method for manufac-
turing a retardation optical element of the present invention
will be explained. The third aspect of the method for manu-
facturing a retardation optical element of the present inven-
tion is an aspect of forming a multiple layered laminated
retardation layer using a polymerizable monomer or a poly-
merizable oligomer.

[0189] Although both of the retardation optical elements in
the above-mentioned first and second aspects are for the
method for manufacturing a retardation optical element hav-
ing a single layer configuration comprising a retardation layer
of one layer, the present invention is not limited thereto. It also
includes a method for manufacturing a retardation optical
element having multiple layered laminated retardation layers.
[0190] Specifically, as shown in FIG. 9E, a plurality of
retardation layers 42, 44 having the molecular structure of the
planer aligned cholesteric regularity may be laminated
directly and successively. In such a laminated retardation
layer 40 having the multiple layer configuration, various opti-
cal compensations can also be realized by using layers having
different birefringence values, helical pitches or the like as the
retardation layers 42, 44.

[0191] In the retardation layer 40 of such a multiple layer
configuration, the two major surfaces, facing with each other,
located on the outermost surfaces of the retardation layers 42,
44, the directors of the liquid crystal molecules in each minute
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unit (domain) are substantially coincident. However, the
directors of each minute unit (domain) are not substantially
coincident with each other.

[0192] FIG. 9 is a process diagram showing an example of
a method for manufacturing a retardation optical element of
this aspect. First, an alignment layer 16 is formed on a trans-
parent base material 14 (FIG. 9A: alignment layer forming
step), a coating solution 18 including a polymerizable mono-
mer or a polymerizable oligomer as a liquid crystal molecule
is coated on the above-mentioned alignment layer 16 (coating
step), and it is aligned by the alignment limiting force of the
above-mentioned alignment layer 16 (FIG. 9B: alignment
treatment step). Next, with the alignment state as it is, by
solidifying the polymerizable monomer or polymerizable oli-
gomer 18 by three dimensionally cross linking by using a
photopolymerization initiator and irradiating an ultraviolet
ray 110, or by irradiating an electron beam 110 alone, a first
retardation layer 42 can be formed (FIG. 9C: fixing step).
Furthermore, a second coating solution 19, containing other
polymerizable monomer molecule or polymerizable oligo-
mer molecule prepared separately, is directly coated on the
three dimensionally cross linked first retardation layer 42
(FIG.9D). Atthe time, as shown in FIG. 10, by aligning by the
alignment limiting force of the surface of each minute umt
(domain) of the three dimensionally cross linked retardation
layer 42, and by three dimensionally cross linking in this
state, so as to be solidified, by using a photopolymerization
initiator and irradiating an ultraviolet ray 110, or by irradiat-
ing an electron beam 110 alone, the second retardation layer
44 can be formed (FIG. 9E).

[0193] Moreover, in the case of providing a multiple layer
configuration of three or more layers, the necessary number
of retardation layers may be laminated successively by
repeating the same step as mentioned above (FIG. 9D to E).
[0194] The the polymerizable monomer or polymerizable
oligomerused in this aspect can be dissolved into a solvent, so
as to be a coating solution, for lowering the viscosity for
facilitating the coating operation. In this case, a drying step
for evaporating the solvent is needed before it is three dimen-
sionally cross-linked by irradiating the ultra violet ray or the
electron beam. Preferably, a drying step for evaporating the
solvent 1s carried out after carrying out the coating step of
coating the coating solution, and then, an alignment step of
aligning the liquid crystal may be carried out.

[0195] Moreover, if the direction of the alignment limiting
force of the alignment layer used in this aspect is left substan-
tially at random in the entire range on the alignment layer, the
directors of the liquid crystal molecules to be contacted there-
with can be made substantially random in the contact plane.
[0196] Moreover, it is preferable that the liquid crystalline
materials used for forming the retardation layer and the sec-
ond retardation layer have the substantially same compo-
nents. Thereby, the substance transfer between the retardation
layer 42 and the second retardation layer 44 can be substan-
tially prevented so that a retardation optical element as a
laminated member of a further uniform retardation layer can
be manufactured.

4. Fourth Aspect

[0197] Next, the fourth aspect of the method for manufac-
turing a retardation optical element of the present invention
will be explained. The third aspect of the method for manu-
facturing a retardation optical element of the present inven-
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tion is an aspect of forming a multiple layered laminated
retardation layer using a liquid crystal polymer.

[0198] FIG.11is aprocess diagram showing an example of
a method for manufacturing a retardation optical element of
this aspect. First, an alignment layer 16 is formed on a trans-
parent base material 14 (FIG. 11A: alignment layer forming
step), next, a liquid crystal polymer 32 having the cholesteric
regularity is coated on the alignment layer 16 (coating step),
and it is aligned by the alignment limiting force of the align-
ment layer 16 (FIG. 11B: alignment treatment step). By cool-
ing the liquid crystal polymer 32 to the glass transition tem-
perature (Tg) or lower so as to be in a glass state, a first
retardation layer 42' is formed (FIG. 11C: fixing step). There-
after, by directly coating other liquid crystal polymer 34
having the cholesteric regularity prepared separately on the
first retardation layer 42', aligning the same by the alignment
limiting force of the surface ofthe first liquid crystal layer 42'
in the glass state (FIG. 11D), and cooling the liquid crystal
polymer 34 to the glass transition temperature (Tg) or lower
so as to be in a glass state, a second retardation layer 44' can
be formed (FIG. 11E).

[0199] Moreover, in the case of providing a multiple layer
configuration retardation layer of three or more layers, the
same step as mentioned above (FIG. 11D to E) may be
repeated.

[0200] Ifthe direction of the alignment limiting force of the
alignment layer used in this aspect is left substantially at
random in the entire range on the alignment layer, the direc-
tors of the liquid crystal molecules to be contacted therewith
can be made substantially random in the contact plane.

D. Polarizing Element

[0201] Next, a polarizing element of the present invention
will be explained.

[0202] The polarizing element of the present invention is
characterized in that, in the transparent base material of the
retardation optical element explained in the above-mentioned
column of “B. Retardation optical element”, a polarizing
layer is disposed on the surface on which the retardation layer
is not formed.

[0203] Since in such a polarizing element, a polarizing
layer is provided on at least one surface of the above-men-
tioned retardation optical element, reflection at the surface of
the retardation optical element will be extremely small so that
the generation of the bright and dark pattern can effectively be
restrained, as well as the contrast can be improved. Thus, the
display quality deterioration can be effectively restrained.
[0204] FIG. 12 is a schematic perspective view showing an
example of a polarizing element of the present invention. As
shown in FIG. 12, the polarizing element 50 of the present
invention comprises a polarizing layer 51 A, and a retardation
optical element 20 disposed on the surface on the light input
side of the polarizing layer 51A. Although the retardation
optical element 20 and the polarizing layer S1A are drawn
separately with each other in FIG. 12, they are provided in a
state attached with each other.

[0205] By accordingly attaching the polarizing layer S1A
onto the surface, on which the retardation layer is not formed,
in the transparent base material of the retardation optical
element 20, reflection at the surface of the retardation optical
element 20 will be extremely small so that the generation of
the bright and dark pattern can effectively be restrained, as
well as the contrast can be improved. Thus, the display quality
deterioration can be effectively restrained.
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[0206] As the polarizing layer used at the time, those used
in general for a liquid crystal display apparatus can be used.
Moreover, since the retardation optical element used in the
present invention is same as those mentioned in the above-
mentioned “A. Retardation optical element”, explanation is
not repeated here.

E. Liquid Crystal Display Apparatus

[0207] Finally, a liquid crystal display apparatus of the
present invention will be explained.

[0208] The liquid crystal display apparatus of the present
invention is a liquid crystal display apparatus comprising: a
liquid crystal cell; a pair of polarizing plates disposed so as to
interpose the liquid crystal cell; and the above-described
retardation optical element disposed in between the liquid
crystal cell and at least one of the pair of the polarizing plates,
characterized in that the above-mentioned retardation optical
element compensates the polarizing state of the light in a
inclined direction with respect to the normal line of the above-
mentioned liquid crystal cell. Thereby, generation of the
bright and dark pattern in the liquid crystal display apparatus
can be restrained, as well as the contrast can be improved.
Thus, the display quality deterioration can be restrained.
[0209] FIG. 13 is aperspective view showing an example of
aliquid crystal display apparatus of the present invention. As
shown in FIG. 13, the liquid crystal display apparatus 60 of
the present invention comprises an incident side polarizing
plate 102A, an output side polarizing plate 102B, and a liquid
crystal cell 104. The polarizing plates 102A, 102B have con-
figuration so that only a liner polarized light, having a vibra-
tion surface in a predetermined vibration direction, are selec-
tively transmitted. Therefore, they are disposed facing with
each other in the cross Nicol state so that each vibration
direction is perpendicular to each other. Moreover, the liquid
crystal cell 104 including a large number of cells correspond-
ing to the pixels, and is disposed in between the polarizing
plates 102A, 102B.

[0210] Here, in the liquid crystal display apparatus 60, the
liquid crystal cell 104 employs the VA system in which a
nematic liquid crystal having a negative dielectric anisotropy
is sealed. For the linearly polarized light, which is transmitted
through the incident side polarizing plate 1024, its phase is
not shifted when it is transmitted through the non-driven state
cell portion, among the liquid crystal cell 104, so as to be
blocked by the output side polarizing plate 102B. On the other
hand, the phase of the linearly polarized light is shifted when
it is transmitted through the driven state cell portion, among
the liquid crystal cell 109, so that the amount of light corre-
sponding to the phase shift amount is transmitted through the
output side polarizing plate 102B so as to be output. Thereby,
by optionally controlling the driving voltage of the liquid
crystal cell 104 per each cell, a desired image can be displayed
on the output side polarizing plate 102B side.

[0211] In the liquid crystal display apparatus 60 having
such configuration, the above-mentioned retardation optical
element 20 ofthe above-described embodiment is disposed in
between the liquid crystal cell 104 and the output side polar-
izing plate 102B (polarizing plate which selectively transmits
a light of a predetermined polarization state output from the
liquid crystal cell 104). By the retardation optical element 20,
the polarization state of the output light in a inclined direction
with respect to the normal line to the liquid crystal cell 104,
among the output light from the liquid crystal cell 104 of a
predetermined polarization state, can be compensated.
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[0212] As mentioned above, in the liquid crystal display
apparatus 60 of the above-mentioned configuration, the retar-
dation optical element 20 according to the above-mentioned
embodiment is disposed in between the liquid crystal cell 104
of the liquid crystal display apparatus 60 and the output side
polarizing plate 102B, and the polarization state of the output
light in a inclined direction with respect to the normal line to
the liquid crystal cell 104, among the output light from the
liquid crystal cell 104, is compensated. Therefore, while
effectively improving the problem of the viewing angle
dependency, generation of the bright and dark pattern in the
liquid crystal display apparatus 60 is restrained, as well as the
contrast can be improved. Thus, the display quality deterio-
ration can be restrained.

[0213] Although the liquid crystal display apparatus 60
shown in FIG. 13 is of a transmission type of transmitting a
light from one side in the thickness direction to the other side,
this embodiment is not limited thereto. The retardation opti-
cal element 20 according to the above-mentioned embodi-
ment can also be used in state assembled in a reflection type
liquid crystal display apparatus in the same manner.

[0214] Moreover, in the liquid crystal display apparatus 60
shown in FIG. 13, the retardation optical element 20 accord-
ing to the above-mentioned embodiment is disposed in
between the liquid crystal cell 104 and the output side polar-
izing plate 102B. However, depending on the optical com-
pensation aspect, the retardation optical element 20 may be
disposed in between the liquid crystal cell 104 and the inci-
dent side polarizing plate 102A. Moreover, the retardation
optical element 20 may be disposed on both sides of the liquid
crystal cell 104 (between the liquid crystal cell 104 and the
incident side polarizing plate 102A, and between the liquid
crystal cell 104 and the output side polarizing plate 102B).
The retardation optical element to be disposed in between the
liquid crystal cell 104 and the incident side polarizing plate
102A, or between the liquid crystal cell 104 and the output
side polarizing plate 102E is not limited to one, but it may be
disposed in a plurality.

[0215] In the present invention, it is particularly preferable
that the above-mentioned liquid crystal cell 104 is formed
with a liquid crystal layer of the VA (vertical alignment)
system. That is because generation of the bright and dark
pattern in the liquid crystal display apparatus can be
restrained, as well as the contrast can be improved. Thus, the
display quality deterioration can further be restrained.
[0216] The present invention is not limited to the above-
mentioned embodiments. The above-mentioned embodi-
ments are examples, and any one having substantially same
configuration and achieving the same functions and effects as
the technological idea disclosed in the range of the claims of
the present invention is included in the technological scope of
the present invention.

Examples

[0217] Next, the present invention will be described with
reference to the examples and the comparative examples.

Example 1

[0218] Intheexample 1, aretardation layer ofa single layer
was formed on a glass substrate.

[0219] A toluene solution, in which 90 parts by weight of a
monomer molecule (one having a molecular structure repre-
sented by the above-mentioned chemical formula (11)) and
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10 parts by weight of a chiral agent molecule (one having a
molecular structure represented by the above-mentioned
chemical formula (14)) are dissolved, was prepared. The
nematic-isotropic transition temperature of the monomer
molecule was 110° C. The monomer molecule comprises a
polymerizable acrylate on the both ends, and also comprises
a spacer in between a mesogen in the central part and the
acrylate. The chiral agent molecule comprises a polymeriz-
able acrylate on the both ends. To the above-mentioned tolu-
ene solution, 5% by weight, with respect to the above-men-
tioned monomer molecule, of a photopolymerization initiator
(IRGACURE (registered trademark) 907 manufactured by
Chiba Speciality Chemicals) was added. On the other hand, a
polyimide dissolved ina solvent (OPTMER (registered trade-
mark) ALL1254 manufactured by JSR Corporation) was spin
coated on a transparent glass substrate with a spin coater.
After drying, a film was formed at 200° C. (film thickness: 0.1
pm) so as to provide an alignment layer. However, the rubbing
treatment was not carried out.

[0220] Such glass substrate with an alignment layer was set
on a spin coater. The toluene solution, with the above-men-
tioned monomer molecule and the like dissolved, was spin
coated under a condition for providing a film of even thick-
ness, as possible. Next, the toluene in the above-mentioned
toluene solution was evaporated at 80° C.

[0221] Then, the acrylate of the monomer molecule was
three dimensionally cross linked. so as to be polymerized, by
irradiating an ultraviolet ray to the above-mentioned coating
film so that a radial is generated from the photopolymeriza-
tion initiator in the coating film. Thus, a retardation optical
element having a retardation layer of a single layer was pro-
duced. The film thickness of the coated film at the time was 2
um=1.5%. Moreover, according to the measurement with a
spectrophotometer, the central wavelength of the selective
reflected wavelength of the coated film was 280 nm. Since the
refractive index of the cured liquid crystal molecule was
about 1.5, the film thickness per 1 pitch calculated from P=k/n
was about 190 nm. Therefore, the number of pitches of the
retardation layer was 2,000/190=about 11 pitches.

[0222] Moreover, the retardation optical element produced
accordingly was measured using an automatic birefringence
measuring device (KOBRA (registered trademark) 21 ADH
manufactured by Oji Scientific Instruments). Thus, the fol-
lowing facts were confirmed: the phase difference in the plane
direction was 1 nm, which is within the error range of the
measuring device; the phase difference in the thickness direc-
tion was about 100 nm; and the layer functions as a negative
C plate.

[0223] According to the observation of the cross-sectional
surface of the produced retardation layer with a transmission
type electron microscope, a plurality of minute units (do-
mains) were observed, the surface directors were in a random
state so that they are not coincident with each other, and the
twist angles of the plurality of the minute units (domains)
were not coincident with each other. Further, the size of the
minute unit (domain) surface was not recognized with naked
eyes.

[0224] The haze value measured of the produced retarda-
tion layer based on the JIS-K7105 was 2%. The maximum
value of the leaked light measured in a range of 380 nm to 700
nm, at the time of measuring the retardation layer interposed
between the polarizing plates in the cross Nicol state, was 1%,
with a premise that the leaked light at the time of measuring
from the normal line direction with the polarizing plates in the
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cross Nicol state is 0% and the leaked light at the time of
measuring from the normal line direction with the polarizing
plates in the parallel state is 100%.

[0225] Furthermore, as shown in FIG. 14, the produced
retardation optical element 20 was interposed between linear
polarizing plates 70A, 70B, disposed in a cross Nicol state,
for the visual observation. There was no bright and dark
pattern observed in the plane.

Example 2

[0226] Intheexample 2, aretardation layer ofa single layer
comprising a polymerizable monomer molecule was formed
on a polymer film. That is, a retardation optical element was
produced in the same manner as in the example 1, except that
a PVA solution, dissolved in pure water so as to have the 2%
by weight concentration, was coated on a transparent TAC
film by bar coating, formed into a film at 100° C. (film
thickness: 0.2 um) after drying, so as to function as an align-
ment layer. As a result, in the retardation optical element
produced accordingly, similar result as in the example 1 was
obtained. However, the haze value and the leaked light maxi-
mum value were smaller than those ofthe example 1, and they
were 1%, 0.8%, respectively. The retardation layer produced
in the example 1 and the retardation layer produced in the
example 2 were compared with each other, with a polarization
microscope. The size of a plurality of the minute units (do-
mains) was smaller in the example 2. Although the maximum
major axis of the inscribed ellipse of the minute units (do-
mains) was 5 pm, the light leakage from the disclination
between the plurality of the minute units (domains) was
observed.

Example 3

[0227] In the example 3, a retardation optical element was
produced in the same manner as in the example 2, except that
a HEC (hydroxyl ethyl cellulose) functions as an alignment
layer. As a result, in the retardation optical element produced
accordingly, similar result as in the example 2 was obtained.
However, the haze value and the leaked light maximum value
were smaller than those of the example 2, and they were 0.5%,
0.08%, respectively. The retardation layer produced in the
example 2 and the retardation layer produced in the example
3 were compared with each other, with a polarization micro-
scope. The size of a plurality of the minute units (domains)
was smaller in the example 3. According to the actual mea-
surement by a TEM photograph, the maximum major axis of
the inscribed ellipse of the minute units (domains) was 1.5
um. Moreover, the disclination was to the degree that it cannot
be measured by the TEM photograph.

Example 4

[0228] In the example 4, the film thickness of a retardation
layer of a single layer comprising a polymerizable monomer
molecule was provided unevenly. That is, a retardation optical
element was produced in the same manner as in the example
1, except that the film thickness was made into 2 pm+5% by
changing the spin coater condition. According to the obser-
vation in the same manner, as in the example 1, the bright and
dark pattern was not observed in the plane. However, accord-
ing to the observation of the cross-sectional surface of the
produced retardation layer, with a transmission type electron
microscope, the helical axis of the plurality of the minute
units (domains) and the normal line to the retardation layer
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surface are not coincident. The average value of the angle
formed by each helical axis and the above-mentioned normal
line was 0 degree.

Comparative Example 1

[0229] In the comparative example 1, the directors of the
liquid crystal monomers were made coincident by rubbing an
alignment layer, on which a retardation layer of a single layer
comprising a polymerizable monomer molecule is to be
formed. That is, a retardation optical element produced in the
same manner as in the example 1 except that the rubbing
direction of the alignment layer was homogeneous in the
plane. The element was observed in the same manner, and a
clear bright and dark pattern was observed in the plane.

Example 5

[0230] Inthe example 5, a retardation element having mul-
tiple layered retardation layers comprising a polymerizable
monomer molecule was produced.

[0231] Providing the retardation layer produced in the
example 1 as the first retardation layer, a toluene solution
prepared in the same manner as in the example 1 was spin
coated on the opposite side surface of the alignment layer, by
arotational frequency higher than that of the example 1. Next,
the toluene in the above-mentioned toluene solution was
evaporated at 80° C.

[0232] Then, by irradiating an ultraviolet ray to the above-
mentioned coated film, the acrylate of the monomer molecule
was three dimensionally cross linked, so as to be polymer-
ized, by the radical generated from the photopolymerization
initiator in the coating film for forming a second retardation
layer, and a multiple layered retardation optical element was
produced. The total film thickness at the time was 3.5 pm=1.
5%. Moreover, according to the measurement with a spectro-
photometer, the central wavelength of the selective reflected
wavelength of the coated film of the retardation layer of the
multiple layered configuration was 280 nm.

[0233] According to the observation of the cross-sectional
surface of a plurality of the retardation layers, with a trans-
mission type electron microscope, the bright and dark pattern
between the polymerized retardation layers was in a parallel
state with each other (from this, it is learned that the helical
axis directions are coincident), and the fault was not observed
between the retardation layers (from this, it is learned that the
directors of the liquid crystal molecules between the surfaces
of the adjacent retardation layers are coincident). Moreover, a
plurality of minute units (domains) was observed.

[0234] Furthermore, as shown in FIG. 14, the produced
retardation optical element 20 was interposed in between
linear polarizing plates 70A, 70B, provided in the cross Nicol
state, for the visual observation. There was no bright and dark
pattern observed in the plane.

Example 6

[0235] In the example 6, the film thickness of a multiple
layered retardation layer, comprising a polymerizable mono-
mer molecule, was provided unevenly. That is, a retardation
optical element produced in the same manner as in the
example 4 except that the total film thickness was 3.5
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um=5%, by changing the spin coater condition, was observed
in the same manner. The bright and dark pattern was not
observed in the plane.

Example 7

[0236] In the example 7. a multiple layered retardation
layer comprising a liquid crystal polymer was produced.
[0237] A toluene solution with an acrylic based side chain
type liquid crystal polymer, having a glass transition tempera-
ture of 80° C. and an isotropic transition temperature of 200°
C., dissolved was prepared. On the other hand, a polyimide
dissolved in a solvent (OPTMER (registered trademark)
AL1254 manufactured by JSR Corporation) was spin coated
on a transparent glass substrate with a spin coater. After
drying, a film was formed at 200° C. (film thickness: 0.1 pm)
so as to function as an alignment layer. However, the rubbing
treatment was not carried out.

[0238] Then, with such glass substrate with an alignment
layer set on a spin coater, the toluene solution with the above-
mentioned liquid crystal polymer dissolved was spin coated
under a condition for providing an even film thickness, as
possible.

[0239] Next, the toluene in the above-mentioned toluene
solution was evaporated at 90° C. Furthermore, the coated
film formed on the alignment layer was maintained at 150° C.
for 10 minutes. Furthermore, by cooling the above-men-
tioned coated film to the room temperature, the liquid crystal
polymer was in a glass state and fixed for forming a retarda-
tion layer. The film thickness at the time was 2 um=1.5%.
Moreover, according to the measurement with a spectropho-
tometer, the central wavelength of the selective reflected
wavelength of the first retardation layer was 370 nm.

[0240] Furthermore, on the retardation layer fixed in a glass
state, a toluene solution with an acrylic based side chain type
liquid crystal polymer, having a glass transition temperature
of 75° C. and an isotropic transition temperature of 190° C.,
dissolved was spin coated by a rotational frequency higher
than the former.

[0241] Next, the toluene in the above-mentioned toluene
solution was evaporated at 90° C. Furthermore, the above-
mentioned coated film was maintained at 150° C. for 10
minutes. Furthermore, by cooling the above-mentioned
coated film to the room temperature, the liquid crystal poly-
mer was in a glass state and fixed for forming a second
retardation layer and producing a multiple layered retardation
optical element. The total film thickness at the time was 3.5
mm=1.5%. Moreover, according to the measurement with a
spectrophotometer, the central wavelength of the selective
reflected wavelength of the coated film of the retardation
layer of a multiple layer configuration was 370 nm.

[0242] According to the observation of the cross-sectional
surface of a plurality of the retardation layers with a trans-
mission type electron microscope, the bright and dark pattern
between the fixed retardation layers was in a parallel state
with each other (from this, it is learned that the helical axis
directions are coincident), and the fault was not observed
between the retardation layers (from this, it is learned that the
directors of the liquid crystal molecules between the surfaces
of the adjacent liquid crystal layers are coincident). More-
over, a plurality of minute units (domains) was observed.

[0243] Furthermore, as shown in FIG. 14, the produced
retardation optical element 20 was interposed in between
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linear polarizing plates 70A, 70B, provided in the cross Nicol
state, for the visual observation. There was no bright and dark
pattern observed in the plane.

Example 8

[0244] In the example 8, the film thickness of a multiple
layered liquid crystal layer, comprising a liquid crystal poly-
mer, was provided unevenly so as to disturb the directors of
the liquid crystal molecules. That is, a retardation optical
element produced in the same manner as in the example 6
except that the total film thickness was 3.5 um+5% by chang-
ing the spin coater condition was observed in the same man-
ner. The bright and dark pattern was not observed in the plane.

Comparative Example 2

[0245] In the comparative example 2, a retardation layer
was produced in the same manner as in the example 1, except
that the selective reflected wavelength of the cholesteric
structure was 600 nm, 800 nm, respectively. As a result, in the
retardation layers having 600 nm and 800 nm selective
reflected wavelengths, an opaque phenomenon clearly recog-
nized visibly was observed. The degree of the opaqueness
was larger for the retardation layer of the 800 nm selective
reflected wavelength, which is to a degree that it cannot be
used as a retardation layer. Moreover, the retardation layer of
the 600 nm selective reflected wavelength reflects a green
light, and it was also to a degree that it cannot be used as a
retardation layer.

INDUSTRIAL APPLICABILITY

[0246] In the retardation layer of the present invention,
bright and dark pattern is not generated in the display image
even when it is disposed in between the liquid crystal cell and
the polarizing plate. Thus, the display quality deterioration
can be restrained effectively.

1. A retardation layer, which functions as a negative C
plate, comprising a fixed cholesteric structure in which, at
least on one surface of two major surfaces of the retardation
layer, liquid crystal molecules, whose directors are not sub-
stantially coincident, exist within an interval of 100 um.

2. A retardation layer according to claim 1, in which, also
on the other surface of the two major surfaces of the retarda-
tion layer, liquid crystal molecules, whose directors are not
substantially coincident, exist within an interval of 100 um.

3. A retardation layer, which functions as a negative C
plate, comprising a fixed cholesteric structure in which, at
least on one surface of two major surfaces of the retardation
layer, liquid crystal molecules, whose directors are not sub-
stantially coincident, exist within a 50 pm radius region.

4. A retardation layer, which functions as a negative C
plate, comprising a fixed cholesteric structure in which, on a
major surface ofthe retardation layer, those twist angles in the
cholesteric structure are not substantially coincident exist ata
location within an interval of 100 pm.

5. A retardation layer, which functions as a negative C
plate, comprising a fixed cholesteric structure in which, on a
major surface of the retardation layer, those twist angles in the
cholesteric structure are not substantially coincident existata
location within a 50 um radius region.

6. A retardation layer, which functions as a negative C
plate, comprising a fixed cholesteric structure in which the
retardation layer comprises, on a cross-sectional surface com-
prising a normal line to a surface of the retardation layer,
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within a 50 pum radius region, a helical axis structure region,
in which an angle formed by the normal line and a helical axis
of the helical axis structure region having the cholesteric
structure is a clockwise acute angle from the normal line
direction, and a helical axis structure region, in which the
angle is a counterclockwise acute angle from the normal line
direction.

7. The retardation layer according to claim 1, wherein a
plurality of minute units (domains) having the cholesteric
structure exist.

8. The retardation layer according to claim 1, wherein a
selective reflected wavelength of a selective reflected light of
the cholesteric structure is shorter than the wavelength of an
incident light.

9. The retardation layer according to claim 7, wherein a
maximum major axis of an inscribed ellipse on a surface of
the minute units (domains) is 40 um or less.

10. The retardation layer according to claim 9, wherein the
maximum major axis of the inscribed ellipse on the surface of
the minute units (domains) is same as or shorter than the
wavelength of the incident light.

11. The retardation layer according to claim 7, wherein an
alignment defect (disclination) distance between the minute
units (domains) is same as or shorter than the wavelength of
the incident light.

12. The retardation layer according to claim 1, wherein a
haze value, when the retardation layer is measured based on
the JIS-K7105, is 2% or less.

13. The retardation layer according to claim 1, wherein the
maximum value of the leaked light measured in a range 0f 380
nm to 700 nm, at the time of measuring the retardation layer
interposed between the polarizing plates in the cross Nicol
state, 1s 1% or less, with a premise that the leaked light at the
time of measuring from the normal line direction with the
polarizing plates in the cross Nicol state is 0% and the leaked
light at the time of measuring from the normal line direction
with the polarizing plates in the parallel state is 100%.

14. The retardation layer according to claim 1, wherein the
helical axis of the minute units (domains) having the choles-
teric structure and the normal line to the retardation layer
surface are not substantially coincident.

15. The retardation layer according to claim 14, wherein an
average value of the angle formed by the helical axis of the
minute units (domains) having the cholesteric structure and
the normalline to the retardation layer surface is substantially
0 degtree.
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16. The retardation layer according to claim 1, wherein a
second retardation layer is further laminated on the major
surface of the retardation layer.

17. The retardation layer according to claim 15, wherein
both of the selective reflected lights of the retardation layer
and the second retardation layer have the substantially coin-
cident selective reflected wavelength.

18. The retardation layer according to claim 1, wherein the
retardation layer has a molecular structure of a three dimen-
sionally cross-linked chiral nematic liquid crystal.

19. The retardation layer according to claim 1, wherein the
retardation layer has a molecular state of a polymer choles-
teric liquid crystal in a glass state.

20. A retardation optical element comprising a transparent
base material, and the retardation layer according to claim 1
formed on the transparent base material surface.

21. The retardation optical element according to claim 20,
wherein an alignment layer is formed in between the trans-
parent base material and the retardation layer.

22. The retardation optical element according to claim 20,
wherein a color filter layer is formed in between the transpar-
ent base material and the retardation layer.

23. A polarizing element characterized in that, in the trans-
parent base material of the retardation optical element
according to claim 20, a polarizing layer is disposed on a
surface on which the retardation layer is not formed.

24. A liquid crystal display apparatus comprising: a liquid
crystal cell; a pair of polarizing plates disposed so as to
interpose the liquid crystal cell; and the retardation optical
element according to claim 20 disposed in between the liquid
crystal cell and at least one of the pair of the polarizing plates.

25. A method for manufacturing a retardation optical ele-
ment comprising: an alignment layer forming step of forming
an alignment layer on a transparent base material; a coating
step of coating a retardation layer forming coating solution,
including a liquid crystal material having the cholesteric
regularity for forming a cholesteric liquid crystal structure, on
the alignment layer, in a state that a rubbing treatment is not
subjected to the alignment layer; an alignment treatment step
of subjecting an alignment treatment to the retardation layer
formed on the alignment layer in the coating step; and a fixing
step of fixing the cholesteric liquid crystal structure exhibited
in a liquid crystal phase state in the retardation layer, by
subjecting a solidifying treatment to the retardation layer
aligned by the alignment treatment, so as to be fixed.
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