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7) ABSTRACT

A novel liquid crystal display device is disclosed. The liquid
crystal display device comprises a first substrate, a second
substrate, liquid crystal held between the first substrate and
the second substrate, patterned layers divided into fine areas,
disposed on the first substrate, comprising at least a patterned
color filter layer and a patterned first optically anisotropic
layer laminated in the direction of the normal line of the
substrate, and a barrier wall disposed at a boundary portion of
the adjacent fine areas of the patterned layers.

Smlm

(b}

{c)

{d>

{e)




Patent Application Publication  Feb. 12,2009 Sheet 1 of 4 US 2009/0040433 A1

Fig. 1

a g

(bl

{c)

(d)

(e}




US 2009/0040433 A1

Feb. 12,2009 Sheet 2 of 4

Patent Application Publication

Fig. 2

(b

(a)

26

1

2

26

Fig. 3

B

@

35
33
34




US 2009/0040433 A1

Feb. 12,2009 Sheet 3 of 4

Patent Application Publication

Fig.

i
T
L
f

TRV AT IO T e 8 3




Patent Application Publication  Feb. 12,2009 Sheet 4 of 4 US 2009/0040433 A1

Fig. 5

ba \

A
/.
N

5b




US 2009/0040433 A1

LIQUID CRYSTAL DISPLAY DEVICE AND
COLOR FILM PLATE, AND PROCESSES FOR
PRODUCING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device comprising a patterned color filter layer and opti-
cally anisotropic layer on a surface such as a liquid crystal cell
substrate, and a process for producing the same. The present
invention also relates to a color filter plate comprising a
patterned color filter layer and optically anisotropic layer, and
a process for producing the same.

[0003] 2. Related Art

[0004] A CRT (cathode ray tube) has been mainly
employed in various display devices used for office automa-
tion (OA) equipment such as a word processor, a notebook-
sized personal computer and a personal computer monitor,
mobile phone terminal and television set. A liquid crystal
display device (LCD) has been more and more widely used
instead of a CRT, because it has a thin shape, lightweight and
small electric power consumption. A liquid crystal display
device comprises, at least, a liquid crystal cell and a polariz-
ing plate. In general, a polarizing plate is produced by lami-
nating the both surfaces of a polarizing film, which is pre-
pared by soaking a polyvinyl alcohol film with iodine and
then subjecting the same to stretching, with protective films,
and, therefore, comprises a pair of protective films and a
polarizing film.

[0005] For example, a transmissive LCD comprises two
polarizing plates disposed on both sides of a liquid crystal
cell, and may further comprise one or more optical compen-
satory sheets. On the other hand, a reflective LCD comprises
a reflecting plate, a liquid crystal cell, one or more optical
compensatory sheets, and a polarizing plate which are dis-
posed in this order. A liquid crystal cell comprises a liquid
crystal layer confined between two substrates, and electrode
layers for applying a voltage to the liquid crystal layer. A
liquid crystal cell has ON and OFF states on the basis of the
difference in alignment state of the liquid crystal layer, and
can be used in any of a transmissive type, reflective type and
semi-transmissive type display devices employing any ever
proposed modes such as TN (Twisted Nematic), IPS (In-
Plane Switching), OCB (Optically Compensatory Bend), VA
(Vertically Aligned), ECB (Electrically Controlled Birefrin-
gence) and STN (Super Twisted Nematic). Color and contrast
displayed by the conventional liquid crystal display device,
however, vary depending on the viewing angle. Therefore, it
cannot be said that the viewing angle characteristics of the
liquid crystal display device is superior to those of the CRT.
[0006] In order to improve the viewing angle properties, a
retardation plate (optical compensatory sheet) has been
employed for compensating birefringence generated depend-
ing on viewing angles. Till now, there has been proposed an
LCD having an excellent viewing angle property of contrast
by employing optical compensatory sheets having various
optical properties for aforementioned wide-ranging display
modes. In particular, three modes of OCB, VA and IPS have
lead to have wide viewing angle properties in terms of con-
trast over the all directions as a wide viewing angle mode, and
they have already been in widespread use as TV application
for household use. Further, recently, large-sized displays of
more than 30 inches have been provided.
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[0007] Wide-screen LCDs suffer from light leakages from
the corner portions, or, in other words, corner non-uniformi-
ties. It is considered that such phenomenon is caused by
dimensional changes in the polarizer plates, which are
employed in the LCDs, depending on environmental mois-
ture. In particular for the case where a polarizer plate and an
optical compensation sheet are bonded directly or bonded
with an adhesive layer disposed between them, the optical
compensation sheet may be changed in dimension with the
polarizer plate, and, therefore, the optical characteristics of
the optical compensation sheet may be varied with the dimen-
sional change. And, in such a case, the corner non-uniformity
may be worsened.

[0008] An optical compensation sheet can effectively con-
tribute to reducing the viewing angle dependence of contrast,
but cannot contribute to reducing the viewing angle depen-
dence of color sufficiently, and reducing the viewing angle
dependence of color is considered as an important problem to
be solved for LCD. Viewing angle dependence of color of
LCD is ascribable to difference in wavelength of three repre-
sentative colors of R, G and B. Even R, G and B lights are
given equal retardation, the changes in polarization states of
R, G and B lights are different each other. For overcoming
such problems, it is necessary to optimize wavelength disper-
sion of birefringence of an optically anisotropic material with
respect to each of wavelengths of R, G and B. The LCD is,
however, still on the way to thorough improvement in the
viewing angle dependence of color, because it is still not easy
to control the wavelength dispersion of birefringence of lig-
uid crystal molecules used for ON/OFF display, or for optical
compensation sheet.

[0009] There is proposed a retardation plate using a modi-
fied polycarbonate as an optical compensatory sheet in which
the birefringence wavelength dispersion is controlled for the
viewing angle property of color (Japanese Laid-Open Patent
Publication (Tokkai), hereinafter referred to as “JPA”, No.
2004-37837). By using this for a A/4 plate in a reflective liquid
crystal display device or an optical compensatory sheet in the
VA mode, the viewing angle property of color can be
improved. However, modified polycarbonate film has not
been used widely for LCDs yet due to such reasons that, not
only the raw material itself is expensive, but also the uneven-
ness in optical properties such as bowing occurs in stretching
used in the manufacturing process thereof.

[0010] On the contrary, a system has been proposed, which
has the same principle as that for the viewing angle compen-
sation in terms of contrast by an optical compensatory sheet,
but compensates it independently for three colors of R, G, B
(e.g., GB 2394718, JPA Nos. 2004-240102, 2005-4124,
2005-24919, 2005-24920 and 2006-78647). This can be
mainly realized by a method in which a retardation plate is
patterned along with a color filter etc. in a liquid crystal cell.
However, in order to pattern a retardation plate in a liquid
crystal cell, for example, such troublesome operations are
required, in the cell, as formation of an alignment film layer,
rubbing treatment, coating, alignment and stabilization of a
polymerizable liquid crystal composition, formation, etching
treatment of a resist layer, and elimination by peeling of the
resist layer. Consequently, it is difficult to form an optically
anisotropic layer having an optically uniform retardation
property. In addition, there is such problem that the retarda-
tion of a retardation plate changes before and after the etching
due to heat and a solvent of the photo resist that are resulted
upon forming the resist pattern.
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[0011] On the other hand, as a method for producing a color
filter, an ink jet system is known. In an ink jet system, an ink
is ejected while moving an ink jet head lying above a trans-
parent substrate to form patterns directly, therefore no expo-
sure and development processes are required. Consequently,
in an ink jet system, the reduction in a use amount of ink and
the simplification of process allow the cost to be reduced.
Therefore, the ink jet system attracts attention now as a
method for producing a color filter. And the process for pro-
ducing an optically anisotropic layer employing such ink jet
system has been also provided (JPA No. 2006-64858).

SUMMARY OF THE INVENTION

[0012] One object of the present invention is to provide a
color filter plate comprising a fine-patterned optical anisot-
ropy, and asimple and stable process for producing such color
filter plate.

[0013] Another object of the invention is to provide a liquid
crystal display device, in which a liquid crystal cell can be
optically compensated accurately, having an excellent pro-
ductivity and improved viewing angle property of color, and
a simple and stable process for producing such liquid crystal
display device.

[0014] Inoneaspect,the invention provides aliquid crystal
display device comprising:

[0015] a first substrate,
[0016] asecond substrate,
[0017] liquid crystal held between the first substrate and the

second substrate,

[0018] patterned layers divided into fine areas, disposed on
the first substrate, comprising at least a patterned color filter
layer and a patterned first optically anisotropic layer lami-
nated in the direction of the normal line of the substrate, and
[0019] a barrier wall disposed at a boundary portion of the
adjacent fine areas of the patterned layers.

[0020] The fine areas may be arranged in a matrix shape.
[0021] The first optically anisotropic layer may be pro-
duced according to a process comprising applying a fluid
composition containing a liquid crystalline compound having
at least one reactive group such as an ethylenic unsaturated
group to a surface such as a rubbed surface of an alignment
layer, drying the fluid composition on the surface to form a
liquid crystal phase, and then fixing the liquid crystal phase
with the aid of irradiation of heat or ionizing radiation such as
ultraviolet ray. The fluid composition, to be used for prepar-
ing the first optically anisotropic layer, may further comprise
at least one type of radical polymerization initiator.

[0022] The liquid crystalline compound is selected from
rod-like liquid crystal or discotic liquid crystal. The rod-like
liquid crystal may have a smectic A phase. The rod-like liquid
crystal may be selected form liquid crystal having a nematic
phase and/or a smectic A phase, of which intrinsic birefrin-
gence at a wavelength A, An()), satisfies relational expres-
sions (I) and (1) below:

An(450 nm)/An(550 nm)<1 [68]
An(650 nm)/A»{550 nm)>1 I
[0023] The liquid crystalline compound may be also

selected from discotic liquid crystalline compounds, and, in
such embodiments, the first optically anisotropic layer may
comprise discotic liquid crystalline molecules fixed in a
homeotropic alignment state.
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[0024] 1In another embodiment, the first optically anisotro-
pic layer may be prepared by fixing a cholesteric phase.

[0025] Asembodiments of the invention, there are provided
the liquid crystal display device wherein an in-plane retarda-
tion (Re) value of the first optically anisotropic layer is not
zero, and the optically anisotropic layer is a biaxial layer
which gives substantially equal retardation values for light of
awavelength A nm coming respectively in a direction rotated
by +40° and in a direction rotated by —40° with respect to a
normal direction of a layer plane using an in-plane slow axis
as a tilt axis (a rotation axis); and the liquid crystal display
device wherein the optically anisotropic layer has an in-plane
retardation (Re) value ranging from 15 to 200 nm, and gives
an equal retardation ranging from 50 to 250 nm when light of
awavelength A nm coming respectively in a direction rotated
by +40° and by —40° with respect to a normal direction of a
layer plane using an in-plane slow axis as a tilt axis (a rotation
axis).

[0026] The liquid crystal display device may further com-
prise an un-patterned second optically anisotropic, disposed
on either the first or the second substrate.

[0027] As an embodiment of the invention, there is pro-
vided the liquid crystal display device, employing a VA mode,
wherein the first optically anisotropic layer is a positive
A-plate, and the second optically anisotropic layer is a nega-
tive C-plate.

[0028] In this embodiment, it is preferable that the color
filter layer comprises red areas, green areas and blue areas;
the areas of the first optically anisotropic layer respectively
disposed on or under the red areas, the green areas and the
blue areas have in-plane retardation, Re(Red), Re(green) and
Re(blue) respectively; and the in-plane retardation satisfy a
relational expression below;

Re(Red)>Re(Green)>Re(Blue).

[0029] As an embodiment of the invention, there is also
provided the liquid crystal display device, employing an IPS
mode, wherein the first optically anisotropic layer is a positive
C-plate, and the second optically anisotropic layer is a posi-
tive A-plate.

[0030] Inthisembodiment, it is preferable that aretardation
at a wavelength &, Re(®), of the positive A-plate satisfies
relational expressions (III) and (Iv) below:

Re(450 nm)/Re(550 nm)<1 (II1)
Re(650 nm)/Re(550 nm)>1 Iv)
[0031] Asembodiments of the invention, there are provided

the liquid crystal display device, employing an IPS-mode,
wherein the first optically anisotropic layer is a positive
C-plate; and the second optically anisotropic layer is a biaxial
layer which has an in-plane retardation (Re) value of not zero
and gives substantially equal retardation values for light of a
wavelength A nm coming respectively in a direction rotated
by +40° and in a direction rotated by —40° with respect to a
normal direction of a layer plane using an in-plane slow axis
as a tilt axis (a rotation axis); and the liquid crystal display
device, wherein the second optically anisotropic layer has an
in-plane retardation (Re) value at 550 nm ranging from 20 to
150 nm, and an Nz value at 550 nm ranging from 1.5 to 7,
provided that Nz is defined as Nz=(nx-nz)/(nx-ny) based on
in-plane refractive indexes nx and ny(nx>ny) and a thickness
direction refractive index nz.
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[0032] In another aspect, the invention provides a process
for producing the liquid crystal display device, comprising at
least [1a]-[4a] steps below in this order:

[0033] [la] forming fine areas on a first substrate separated
by barrier walls;

[0034] [2a] forming an optically anisotropic layer by eject-
ing a fluid composition, capable of exhibiting optical anisot-
ropy, comprising at least one type of liquid crystalline com-
pound from an ejection head of an ink jet system to the fine
areas according to predetermined positions, drying the com-
position to form a liquid crystal phase, and then exposing the
composition;

[0035] [3a] forming a color filter layer on the optically
anisotropic layer by ejecting each ink fluid composition for a
color filter from an ejection head of an ink jet system to the
optically anisotropic layer according to predetermined posi-
tions, and then drying the composition; and

[0036] [4a] combining the first substrate with a second
substrate; and a process for producing the liquid crystal dis-
play device, comprising at least [1b]-[4b] steps below in this
order:

[0037] [1b] forming fine areas on a first substrate separated
by barrier walls;

[0038] [2b] forming a color filter layer on the optically
anisotropic layer by ejecting each ink fluid composition for a
color filter from an ejection head of an ink jet system to the
fine areas according to predetermined positions, and then
drying the composition;

[0039] [3b] forming an optically anisotropic layer on the
color filter layer by ejecting a fluid composition, capable of
exhibiting optical anisotropy, comprising at least one type of
liquid crystalline compound from an gjection head of an ink
jet system to the fine areas according to predetermined posi-
tions, drying the composition to form a liquid crystal phase,
and then exposing the composition; and

[0040] [4b] combining the first substrate with a second
substrate.
[0041] Theprocess may further comprise forming an align-

ment layer by rubbing a surface before the [2a] or [3b] step.
[0042] In another aspect, the invention provides a color
filter plate comprising:

[0043] a substrate,

[0044] patterned layers divided into fine areas, disposed on
the substrate, comprising at least a patterned color filter layer
and a patterned first optically anisotropic layer laminated in
the direction of the normal line of the substrate, and a barrier
wall disposed at a boundary portion of the adjacent fine areas
of the patterned layers.

[0045] The color filter layer and the optically anisotropic
layer may be disposed in this order or in on the substrate, and
the optically anisotropic layer and the color filter layer may be
disposed in this order on the substrate.

[0046] In another aspect, the invention provides a process
for producing a color filter plate, comprising at least [ 1a]-[4a]
steps below in this order:

[0047] [la] forming fine areas on a substrate separated by
barrier walls;
[0048] [2a] forming an optically anisotropic layer by eject-

ing a fluid composition, capable of exhibiting optical anisot-
ropy, comprising at least one type of liquid crystalline com-
pound from an ejection head of an ink jet system to the fine
areas according to predetermined positions, drying the com-
position to form a liquid crystal phase, and then exposing the
composition; and
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[0049] [3a] forming a color filter layer on the optically
anisotropic layer by ejecting each ink fluid composition for a
color filter from an ejection head of an ink jet system to the
optically anisotropic layer according to predetermined posi-
tions, and then drying the composition; and a process for
producing a color filter plate, comprising at least [1b]-[4b]
steps below in this order:

[0050] [1b] forming fine areas on a substrate separated by
barrier walls;
[0051] [2b] forming a color filter layer on the optically

anisotropic layer by ejecting each ink fluid composition for a
color filter from an ejection head of an ink jet system to the
fine areas according to predetermined positions, and then
drying the composition; and

[0052] [3b] forming an optically anisotropic layer on the
color filter layer by ejecting a fluid composition, capable of
exhibiting optical anisotropy, comprising at least one type of
liquid crystalline compound from an ejection head of an ink
jet system to the fine areas according to predetermined posi-
tions, drying the composition to form a liquid crystal phase,
and then exposing the composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1 is a rough schematic drawing showing one
example of a flow of the producing process of the present
invention.

[0054] FIG. 2 is a rough cross-sectional drawing of one
example of a substrate employed in the liquid crystal display
device of the invention.

[0055] FIG. 3 is a rough cross-sectional drawing of one
example of the liquid crystal display device of the invention.
[0056] FIGS. 4A-F are drawings showing the viewing
angle properties of color, of VA-LCDs produced in Example
and Comparative Example.

[0057] FIG. 5 is a schematic drawing showing an exem-
plary pixel area of a liquid crystal display produced in
Examples.
[0058] Inthese drawings, reference numerals mean as fol-
lows:

[0059] 1 pixel area of liquid crystal element;

[0060] 2 pixel electrode;

[0061] 3 display electrode;

[0062] 4 rubbing direction;

[0063] Sa, 5b mean director of liquid crystal molecules

in the black state;
[0064] 6a, 65 mean director of liquid crystal molecules
in the white state;

[0065] 7a, 7b, 19a, 195 protective films for polarizer
film;

[0066] 11 transparent substrate;

[0067] 12 black matrix (barrier wall);

[0068] 13 optically anisotropic layer;

[0069] 14 color filter layer;

[0070] 21 substrate to be transferred;

[0071] 22 black matrix (barrier wall)

[0072] 23 color filter layer;

[0073] 24 solid optically anisotropic layer;

[0074] 25 transparent electrode layer;

[0075] 26 alignment layer;

[0076] 27 patterned optically anisotropic layer;

[0077] 31 liquid crystal,

[0078] 32 TFT;

[0079] 33 polarizing layer;
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[0080] 34 cellulose acetate film (polarizing plate-protec-
tive film),

[0081] 35 cellulose acetate film, or optical compensatory
sheet;

[0082]

[0083]

36 polarizing plate; and
37 liquid crystal cell.

PREFERRED EMBODIMENT OF THE
INVENTION

[0084] The present invention will be described in detail.
[0085] Itis to be noted, in this description, that the term .
..10...”  isused as meaning a range inclusive of the lower and
upper values disposed therebefore and thereafter.

[0086] In this specification. Re(h) and Rth(\) represent
in-plane retardation and thickness-wise retardation at wave-
length A, respectively. Re(h) is measured using KOBRA
21ADH or WR (from Oji Scientific Instruments), by irradi-
ating the film with a A-nm light in the direction of normal line
of the film.

[0087] For the case where the film to be measured can be
expressed by a monoaxial or biaxial index ellipsoid, Rth ()
can be calculated by the method as described below.

[0088] Rth() is calculated by KOBRA 21ADH or WR is
calculated based on six Re(}.) values which are measured for
incoming light of a wavelength A nm in six directions which
are decided by a 10° step rotation from 0° to 50° with respect
to the normal direction of a sample film using an in-plane
slow axis, which is decided by KOBRA 21ADH, as an a tilt
axis (a rotation axis; defined in an arbitrary in-plane direction
if the film has no slow axis in plane); a value of hypothetical
mean refractive index; and a value entered as a thickness
value of the film.

[0089] When a sample film gives no retardation, zero, for
incoming light in the direction rotated at a certain angle with
respect to the normal direction of the film using an in-plane
slow axis as a rotation axis, any retardation values obtained at
angles larger than that angle will be calculated by KOBRA
21ADH or WR, after being inverted in the sign to minus.
[0090] Itisto be noted that Rth can be also calculated from
equations (1) and (2) below, based on two retardation values
measured for incoming light in two rotated directions, while
assuming the slow axis as a tilt axis (a rotation axis: defined in
an arbitrary in-plane direction if the film has no slow axis); a
hypothetical value of the mean refractive index, and an
entered value of the thickness.

X
Re(@) = |nx - nyxm X

{nysin(sin’l ( %};0) ]]}2 +
{nycos(sin’1 (&n;é)) ]l}2

Equation (1)

d
cos{sinfl [ sin’i; 2 ]}

Equation (2)

Rith ={(nx +ny)/2 —nz}xd

Notes:

[0091] In the equation, Re(8) represents retardation value
in the direction rotated by angle 0 from the direction of
normal line.
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[0092] In the equations, nx represents in-plane refractive
index in the direction of slow axis; ny represents in-plane
refractive index in the direction normal to nx; nz represents
refractive index in the direction normal to nx and ny; and d is
a thickness of the film.

[0093] For any films which cannot be expressed by a mono-
axial or biaxial index ellipsoid, that is so-called, optic-axis-
free film, Rth(A) is calculated by the procedures below.
[0094] The Re(%) is measured by using KOBRA-21ADH
(manufactured by Oji Scientific Instruments) for an incoming
light of a wavelength A nm in a vertical direction to a film-
surface. The Rth(A) is calculated by using KOBRA-21ADH
based on plural retardation values which are measured for
incoming light of a wavelength A nm in eleven directions
which are decided by a 100 step rotation from -50° to +50°
with respect to the vertical direction of the film using an
in-plane slow axis, which is decided by KOBRA 21ADH, as
an a tilt axis (a rotation axis); value of hypothetical mean
refractive index; and a value entered as a thickness value of
the film.

[0095] Inthe above-described measurement, the hypotheti-
cal value of mean refractive index is available from values
listed in catalogues of various optical films in Polymer Hand-
book (John Wiley & Sons, Inc.). Those having the mean
refractive indices unknown can be measured using an Abbe
refract meter. Mean refractive indices of some major optical
films are listed below:

[0096] cellulose acylate (1.48), cycloolefin polymer (1.52),
polycarbonate (1.59), polymethylmethacrylate (1.49) and
polystyrene (1.59).

[0097] KOBRA 21ADH or WR calculates nx, ny and nz,
upon enter of the hypothetical values of these mean refractive
indices and the film thickness. Base on thus-calculated nx, ny
and nz, Nz=(nx-nz)/(nx-ny) is further calculated.

[0098] The sings of Rth values of samples are decided as
follows:
[0099] When an retardation, which is measured for incom-

ing light at 550 nm in a direction rotated by +20° with respect
to the normal direction of a sample using an in-plane slow
axis as an a tilt axis (a rotation axis), is more than the Re value
of the sample, the sign of the Rth value is considered positive
(+); and when the retardation is less than the Re value of the
sample, the sign of the Rth value is considered negative (-).
However, for a sample whose ¢ Rth/Rel value is equal to or
more than 9, the slow axis of the sample is decided with an
inspection plate of a polarizing plate by polarization micro-
scope observation in the direction rotated by +40° with
respect to the normal line of the sample using an in-plane slow
axis as an a tilt axis (a rotation axis). Such observation may be
carried out using a polarization microscope provided with a
free rotating base. When the decided slow axis is parallel to
the film plane of the sample, the sign of the Rth value is
considered positive (+); and when the decided slow axis is
parallel to the thickness direction of the sample, the sign of the
Rth value is considered negative (-).

[0100] In this specification, A is 611+5 nm, 545+5 nm and
435+5nm forR, G and B. respectively, and denotes 545+5 nm
or 5905 nm if no specific description is made on color.
[0101] It is to be noted that, regarding angles, the term
“substantially” in the context of this specification means that
atolerance of less than +5° with respect to the precise angles
can be allowed. Difference from the precise angles is prefer-
ably less than 4°, and more preferably less than 3°. It is also to
be noted that, regarding retardation values, the term “substan-
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tially” in the context of this specification means that a toler-
ance of less than +5% with respect to the precise values can be
allowed. It is also to be noted that the term “The Re value is
not zero” in the context of this specification means that the
absolute value Re is not less than 5 nm. The measurement
wavelength for refractive indexes is a visible light wave-
length, unless otherwise specifically noted. Tt is also to be
noted that the term “visible light” in the context of this speci-
fication means light of a wavelength falling within the range
from 400 to 700 nm.

[Process for Producing Liquid Crystal Display Device]

[0102] Firstly, oneexample ofthe process for producing the
liquid crystal display device of the invention will be described
while referring to FIG. 1.

[0103] On a transparent substrate 11 composed of glass
etc., a black matrix 12 (barrier walls) of dot pattern is formed
using a negative type black matrix resist material according to
a photo lithographic method to form plural fine areas sepa-
rated by the barrier walls 12 (FIG. 1(A)). Incidentally, in the
formation of the black matrix 12, there is no particular limi-
tation on the material and process for forming the black
matrix, and the black matrix may be formed according to a
method other than the photo lithographic method. The pattern
of black matrix 12 is not limited to the dot pattern. There is no
particular limitation on the alignment of a color filter to be
formed, and any of dot alignment, stripe alignment, mosaic
alignment and delta alignment can be used.

[0104] The black matrix 12 is preferably subjected to
plasma treatment after the formation with a gas of fluoro-
containing compound (such as CF,) so that the surface
thereof is treated to be ink-rejecting. The ink-rejecting black
matrix 12 may be obtained according to a method other than
the above-described plasma treatment. For example, the ink-
rejecting black matrix can be obtained by producing the black
matrix using a material comprising an ink-rejecting agent, or
using an ink-rejecting material.

[0105] Next, a fluid composition 13", e.g., a solution, which
exhibits an intended optical anisotropy, is ejected by using an
ink jet apparatus to the fine areas separated by the black
matrix 12, if desired, having been subjected to the above
mentioned ink-rejecting treatment, to form layers of the fluid
on the fine areas. The fluid preferably comprises at least one
type of liquid crystalline compound and is preferably pre-
pared so that it forms a liquid crystal phase after drying. The
fluid is merely required to have sufficient properties for ejec-
tion from an ink jet apparatus, and any types of fluid may be
used. Although dispersions in which a part or whole of mate-
rial such as a liquid crystalline compound are dispersed may
be used, solutions are preferably used. After being ejected to
the fine areas, the fluid is dried to form a liquid crystal phase,
and is subjected to irradiation with light, to form a first opti-
cally anisotropic layer 13 (FIG. 1(C)). In order to form a
liquid crystal phase, if desired, it may be heated, and, in that
case, any heating apparatus may be used.

[0106] To each optically anisotropic layer 13 formed in the
manner described above as a first layer, an ink fluid 14' is
secondarily ejected (FIG. 1(D)). dried and, if desired, sub-
jected to irradiation with light to form a color filter layer 14 as
a second layer (FIG. 1(E)).

[0107] Thereis no particular limitation on the ejection con-
dition of the fluid such as ink upon forming the optically
anisotropic layer 13 and color filter layer 14, but, when a fluid
for forming the optically anisotropic layer and an ink for
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forming the color filter layer have a high viscosity, it is pre-
ferred to eject these with a reduced viscosity under room
temperature or elevated temperatures (such as 20-70° C.) in
terms of ejection stability. Since the variation of viscosity of
the ink etc. has directly a significant influence on the droplet
size and droplet ejection rate to result in an image quality
degradation, the temperature of ink etc. is preferably kept as
constant as possible.

[0108] An ink jet head (hereinafter, it may also be simply
referred to as a head) for use in the process of the invention is
not particularly limited, and publicly known various ones can
be used. A head ofthe continuous type or dot on-demand type
may be used. Among the dot on-demand type, as a thermal
head, a type having such operative valve for ejection as
described in JPA No. H9-323420 is preferred. In the case of a
piezo head, for example, heads described in EP 277,703 A, EP
278,590 A etc. can be used. A head having a temperature-
controlling function is preferred so that the temperature of a
composition can be regulated. It is preferred that the ejection
temperature is controlled so that the viscosity at ejection
becomes 5-25 mPa-s, and that the composition temperature is
controlled so as to give the fluctuation range of the viscosity
of +5% or less. As to the drive frequency, operation at 1-500
kHz is preferred.

[0109] The order of the optically anisotropic layer 13 and
the color filter layer 14 may be interchanged, that is, the
optically anisotropic layer 13 may be formed on the color
filter layer 14. The embodiment can be produced by inter-
changing the order of the step of forming the optically aniso-
tropic layer 13 and the step of forming the color filter layer 14
in the above example of the producing process.

[0110] In addition, a step of preparing an alignment layer
may be carried out prior to the step of preparing the optically
anisotropic layer. For example, the alignment layer can be
prepared by applying a fluid material containing polyvinyl
alcohol, soluble polyimide or the like to a surface, drying it to
form a polymer layer, and, if necessary, rubbing the surface of
the polymer film. The fluid containing a liquid crystal com-
pound for preparing the first optically anisotropic layer may
be ejected to the rubbed surface of the alignment layer. The
alignment layer may be prepared according to an ink-jet
method or any methods other than the ink-jet method.
[0111] Theoptically anisotropic layer 13 may be formed by
using a fluid, such as a solution, of the same type, or may be
formed by using different fluids, such as solutions, containing
materials different from each other and/or having different
formulations (blending amounts) from each other so that each
of them exhibits the optical anisotropy optimized relative to
each hue of the color filter layer 14 that is formed thereon.
When plural different fluids are used relative to hues of the
color filter layer, the first optically anisotropic layer 13 may
be formed by carrying out the ejections of all of the fluids one
after another, and then drying them concurrently, or by car-
rying out the set of the ejection of each fluid and drying it
repeatedly. Similarly, the color filter layer 14 may be formed
by carrying out the ejections of all of the ink fluids (e.g., ink
fluids for preparing an R layer, G layer and B layer) one after
another, and then drying them concurrently, or by carrying
out the set of the ejection of each fluid and drying it repeat-
edly. In addition, the color of a color filter needs not to be
limited to three colors of red, green and blue. A color filter
may be of multi-primary colors.

[0112] Thus, the first substrate, having thereon an optically
anisotropic layer 13 and a color filter layer 14 at each fine
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area, corresponding each pixel, separated by black matrix 12
(barrier wall), is obtained. As mentioned above, the first opti-
cally layer 13 and the color filter layer 14 are formed by
ejecting the fluid, which is prepared so as to exhibit a prede-
termined optical anisotropy, and the ink-fluid (e.g., red, green
or blue ink fluid), and then drying them. After that, the first
substrate is laminated with the second substrate. Before the
lamination, a transparent electrode layer and/or an alignment
layer maybe formed on the color filter layer 14. For example,
as described in JPA No. H11-248921 and Japanese Patent No.
3255107, it is preferred, in terms of cost reduction, to form a
base by superimposing colored resin compositions forming a
color filter, forming a transparent electrode thereon, and,
according to need, forming a spacer by superimposing pro-
trusions for divided alignment.

[0113] A liquid crystal material may be poured into a gap
between the facing surfaces of the first and second substrates
to form a liquid crystal layer; and, then, a liquid crystal cell is
produced. The first substrate is preferably disposed so that the
surface on which the optically anisotropic layer and the color
filter layer have been formed lies inside, that is, becomes a
facing surface. Then, polarizing plates, optical compensatory
films etc. can be laminated on the outside surfaces of both
substrates, respectively, to produce a liquid crystal display
device.

[0114] According to the process of the invention, after
forming barrier walls corresponding a black matrix, the fluid
for forming an optically anisotropic layer and the ink fluids
for forming a color filter layer are applied to predetermined
regions by using an ink jet system; and, therefore, it is pos-
sible to form accurately the optically anisotropic layer and the
color filter layer in predetermined regions on the first sub-
strate. Consequently, the desired liquid crystal cell can be
obtained, without making the construction complex, with a
small number of steps.

[0115] Inthe description of the method of the invention, an
example was adopted in which the ink ejection by an ink jet
method was used to form an optically anisotropic layer and
color filter layer in respective fine areas. However, the liquid
crystal display device or the color filter plate of the invention
is not limited to the embodiment produced by such method,
and, needless to say, embodiments, in which an optically
anisotropic layer and/or a color filter layer has been formed by
utilizing a method other than the ink jet method, for example,
a printing method or the like, also fall within the scope of the
invention.

[Substrate]

[0116] Among pair of substrates employed in the liquid
crystal display device of the invention, atleast one of them has
a laminate body of a patterned optically anisotropic layer for
viewing angle compensation of a liquid crystal cell and a
color filter layer thereon. In addition, the optically anisotropic
layer preferably has the optical property optimized, in terms
of viewing angle compensation of the liquid crystal cell,
relative to the hue of the color filter layer (for example, for
each color of R, G, B) disposed on or under thereof. Such
substrate may be used for either one, or both of a pair of
substrates of a liquid crystal cell. There is no particular limi-
tation on the material of the substrate provided that it is
transparent, desirably it has a small birefringence, and glass,
a low birefringence polymer or the like is used.
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[0117] FIG. 2 shows arough cross-sectional drawing of one
example of substrate that can be utilized for the liquid crystal
display device of the invention.

[0118] The liquid crystal cell substrate, shown in FIG.
2(A), comprises a black matrix 22 disposed on a transparent
substrate 21 as the barrier wall, and a patterned color filter
layer 23 and a first optically anisotropic layer 27 formed by
ejection from an ink jet system, on fine areas separated by the
barrier wall. It further has a transparent electrode layer 25 and
an alignment layer 26 thereon. In FIG. 2, an embodiment is
shown in which the color filter layer 23 of R, G, B has been
formed, but a color filter layer composed of alayer of R, G, B,
W (white), which is frequently used recently, may be formed.
The optically anisotropic layer 27 is divided into respective r,
g, bregions, which have the optimal retardation for respective
hues of R, G, B of the filter layer 23.

[0119] Further, as shown in FIG. 2(B), the liquid crystal cell
may comprise two optically anisotropic layers, that is, the
patterned first optically anisotropic layer 27 and the unpat-
terned (solid) second optically anisotropic layer 24. When
comprising two optically layers, the unpatterned second opti-
cally anisotropic layer 24 may be formed on the color filter
plate having the patterned first optically anisotropic layer 27
thereon, or, although not shown as a drawing, it may be
formed on the another substrate facing the color filter plate.
Another substrate facing the color filter plate generally has a
driving electrode such as a TFT array electrode thereon. And,
therefore, being employed in an active TFT LCD, the layer 24
is preferably disposed above a silicon layer, in terms of heat-
resistance of the optically anisotropic layer, however, the
position of the layer 24 is not limited to this position.

[Liquid Crystal Display Device]

[0120] FIG. 3 is a rough cross-sectional drawing of one
example of the liquid crystal display device of the invention.
[0121] Each of examples in FIGS. 3(A) and 3(B) is a liquid
crystal display device comprising a liquid crystal cell 37
which comprises the substrate shown in either FIG. 2(A) or
2(B) as an upper substrate, the glass substrate 21 having a
transparent electrode layer 25 with a TFT matrix 32 and an
alignment layer 26 thereon as an opposed substrate, and lig-
uid crystal 31 therebetween. On both surface sides of the
liquid crystal cell 37, there is disposed a polarizing plate 36
composed of protective layers 34 and 35 and a polarizing
layer 33 between them. The protective layers 34 and 35 may
be a polymer film such as a cellulose triacetate (TAC) film.
The polymer film to be used as the protective layer 35 dis-
posed on the liquid crystal cell side may be selected from
polymer films having optical properties required for an opti-
cal compensatory sheet, or may be selected from same alter-
natives as those for the protective layer 34.

[0122] Although not shown as a drawing, an embodiment
of a reflective liquid crystal display device may comprise a
single polarizing plate disposed on the viewer side, and a
reflective film disposed on the backside of the liquid crystal
cell or on the inside face of the downside substrate of the
liquid crystal cell. Of course, a front light may be provided on
the viewer side of the liquid crystal cell. One possible
embodiment of the invention is a semi-transmissive liquid
crystal display device, comprising a transmissive portion and
a reflective portion provided in each pixel. There is no par-
ticular limitation on the display mode to be employed in the
liquid crystal display device of the invention, and the inven-
tion can be employed in any types of liquid crystal display
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devices such as transmissive and reflective liquid crystal dis-
play devices. Among these, there have been demands for
improvements in viewing angle properties, in terms of color,
of VA and IPS mode liquid crystal display devices; and the
invention is effective in the VA and IPS mode embodiments.

[0123] Hereinafter, for this embodiment, materials to be
used for producing, producing processes or the like will be
described in detail, but the invention is not limited to this
embodiment. In addition, for other embodiments, it is pos-
sible to produce these while referring to the following
description and conventionally publicly known methods.

[Substrate]

[0124] According to the liquid crystal display device of the
invention, the substrate having the optically anisotropic layer
and the color filter layer thereon is not particularly limited,
and substrates composed of various materials conventionally
used as a substrate for a liquid crystal cell can be used. For
example, a metallic substrate, metal-laminated substrate,
glass, ceramic, synthetic resin film can be used. Particularly
preferably, glass and a synthetic film having transparency and
a good dimension stability can be mentioned.

[First Optically Anisotropic Layer]

[0125] According to the invention, the substrate has at least
a first optically anisotropic layer thereon. There is no limita-
tion on materials and processes to be used for preparing the
first optically anisotropic layer, provided that it is possible to
obtain the first optically anisotropic layer which can exhibit
an Re, being not 0, for incoming light in at least a direction,
namely exhibit anisotropic properties; however, in terms of
easiness of preparing it in a liquid crystal cell and easiness of
controlling its optical properties, it is preferable that the first
optically anisotropic layer is formed by fixing a liquid crystal
phase of'a composition containing a liquid crystal compound.
The composition may be prepared so as to be UV-hardenable,
and preferably contains a radical polymerization initiator
and/or cation polymerization initiator. The composition may
also comprise a compound having a polymerizable group that
has reactivity to the polymerization initiator. Such polymer-
izable compound may be selected from liquid crystalline
compounds or from compounds capable of existing in liquid
crystal phase without destroying the state; or may be added to
the liquid crystal phase in an amount less than a sufficient
amount to destroy the state. The addition amount is preferably
0.1-50% by weight, further preferably 1.0-30% by weight of
the solid content of the fluid composition.

[0126] According to the invention, the first optically aniso-
tropic layer, as described above, contributes to compensating
birefringence of the liquid crystal cell in the oblique viewing
angle. According to one possible embodiment of the inven-
tion, the first optically anisotropic layer alone has sufficient
viewing angle compensation performance; and according to
another possible embodiment of the invention, the combina-
tion of the first optically anisotropic layer and other layer(s)
has sufficient viewing angle compensation performance. The
first optically anisotropic layer is preferably prepared by
using a composition containing at least one liquid crystalline
compound. Further, when the producing process of the inven-
tion is utilized, the first optically anisotropic layer is formed
from a fluid, containing at least one type of liquid crystalline
compound, which is prepared so as to exhibit optical anisot-

Feb. 12,2009

ropy. The fluid may be prepared as a solution or a dispersion
of the liquid crystalline compound, but the solution is pre-
ferred.

[0127] In general, liquid crystalline compounds can be
classified into a rod-like type and a disc-shaped type on the
basis of the molecular structure thereof. Examples of the
rod-like type or the disc-shaped type liquid crystalline com-
pound include low molecular type and high molecular type
compounds. The term “polymer” generally means com-
pounds having a polymerization degree of 100 or more (Doi-
Masao; Polymer Physics*Phase transition Dynamics, page 2
Iwanami Shoten, 1992). In the embodiment, although any
types of liquid crystalline compounds can be used, the use of
arod-like liquid crystalline compound or a disc-shaped liquid
crystalline compound is preferred. Mixtures of two types or
more of the rod-like liquid crystalline compounds, two types
or more of the disc-shaped liquid crystalline compounds, or
the rod-like liquid crystalline compound and disc-shaped lig-
uid crystalline compound may be used. In terms of small
alteration due to temperature and humidity, at least one rod-
like liquid crystalline compound or a disc-shaped liquid crys-
talline compound having a reactive group is preferably used
for preparing the layer. The mixture being used, further pref-
erably at least one type has two or more reactive groups in one
liquid crystal molecule. Two types or more liquid crystalline
compounds may be used, and in such a case, at least one type
preferably has two or more reactive groups.

[0128] The thickness of the optically anisotropic layer is
preferably 0.1 to 20 um, further preferably 0.5 to 10 um.

[0129] Examples of the rod-like liquid-crystalline com-
pound include azomethine compounds, azoxy compounds,
cyanobiphenyl compounds, cyanophenyl esters, benzoate
esters, cyclohexanecarboxylic acid phenyl esters, cyanophe-
nylcyclohexane compounds, cyano-substituted phenylpyri-
midine compounds, alkoxy-substituted phenylpyrimidine
compounds, phenyldioxane compounds, tolan compounds
and alkenylcyclohexylbenzonitrile compounds. Not only the
low-molecular-weight, liquid-crystalline compound as listed
in the above, high-molecular-weight, liquid-crystalline com-
pound may also be used. High-molecular-weight liquid-crys-
talline compounds may be obtained by polymerizing low-
molecular-weight liquid-crystalline compounds having at
least one polymerizable group. Among such low-molecular-
weight liquid-crystalline compounds, liquid-crystalline com-
pounds represented by a formula (I) are preferred.

QULLALLAM LY A2 2.

[0130] In the formula, Q' and Q* respectively represent a
polymerizable group. L', L*, L? and L* respectively represent
a single bond or a divalent linking group, and it is preferred
that at least one of L* and L represents —0—CO—O—. A’
and A? respectively represent a C,_,, spacer group. M repre-
sents a mesogen group.

[0131] In formula (I), Q' and Q” respectively represent a
polymerizable group. The polymerization reaction of the
polymerizable group is preferably addition polymerization
(including ring opening polymerization) or condensation
polymerization. In other words, the polymerizable group is
preferably a functional group capable of addition polymer-
ization reaction or condensation polymerization reaction.
Examples of polymerizable groups are shown below.

Formula (I)
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[0132] L' L3 L?andL*independently represent a divalent
linking group, and preferably represent a divalent linking
group selected from the group consisting of —O—, —S—,
—C0—, —NR*>—, —CO0—0— —0O—CO0—0O—,
—CO—NR*—, —NR*—CO—, —0—CO—, —0—CO—
NR*>—, —NR—CO—0— and —NR*—CO—NR*>—. R?
represents a C, - alkyl group or a hydrogen atom. It is pre-
ferred that at least one of > and L* represents —O— or
—O—CO—O— (carbonate group). Itis preferred that Q"-L"
and Q*-L*-are respectively CH,—CH—CO—0—, CH,—C
(CH;—CO—0O— or CH,—C(C)—CO—0—CO—0—;
and it is more preferred they are respectively CH,—CH—
CO—0—.

[0133] In the formula, A' and A® preferably represent a
C,_»o spacer group. It is more preferred that they respectively
represent C,_,, aliphatic group, and much more preferred that
they respectively representa C,_,, alkylene group. The spacer
group is preferably selected from chain groups and may con-
tain at least one unadjacent oxygen or sulfur atom. And the
spacer group may have at least one substituent such as a
halogen atom (fluorine, chlorine or bromine atom), cyano,
methyl and ethyl.

[0134] Examples of the mesogen represented by M include
any known mesogen groups. The mesogen groups repre-
sented by a formula (II) are preferred.

—(—WhL), W —

[0135] In the formula, W' and W? respectively represent a
divalent cyclic aliphatic group, a divalent aromatic group or a
divalent hetero-cyclic group; and L’ represents a single bond
or alinking group. Examples of the linking group represented
by L’ include those exemplified as examples of L' to L*in the
formula (I) and —CH,—O— and —O—CH,—. In the for-
mula,nis 1,2 or 3.

[0136] Examples of W' and W? include 1,4-cyclohex-
anediyl, 1,4-phenylene, pyrimidine-2,5-diyl, pyridine-2,5-
diyl, 1,3.4-thiazole-2,5-diyl, 1,3,4-oxadiazole-2,5-diyl,
naphtalene-2,6-diyl, naphtalene-1,5-diyl, thiophen-2,5-diy],
pyridazine-3,6-diyl. 1,4-cyclohexanediyl has two stereoiso-

Formula (IT)
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mers, cis-trans isomers, and the trans isomer is preferred. W'
and W? may respectively have at least one substituent.
Examples the substituent include a halogen atom such as a
fluorine, chlorine, bromine or iodine atom; cyano; a C,_j,
alkyl group such as methyl, ethyl and propyl; a C,_,, alkoxy
group such as methoxy and ethoxy;a C, , ,acyl group such as
formyl and acetyl; a C,_, alkoxycarbonyl group such as
methoxy carbonyl and ethoxy carbonyl; a C,_ |, acyloxy
group such as acetyloxy and propionyloxy; nitro, triftuorom-
ethyl and difluoromethyl.

[0137] Preferred examples of the basic skeleton of the
mesogen group represented by the formula (IT) include, but
are not to be limited to, these described below. And the
examples may have at least one substituent selected from the
above.
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: : \ : : [0138] Examples the compound represented by the formula

(D) include, but are not to be limited to, these described below.
The compounds represented by the formula (I) maybe pre-
pared according to a method described in a gazette of Tokko-
hyo No. hei 11-513019.
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[0139] The rod-like liquid crystal compounds may be smectic A. Examples of such liquid crystal compound
selected from any liquid crystal compounds exhibiting a include, but are not to be limited to, those shown below.
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[0140] As one embodiment of the invention, there is an
embodiment in which a discotic liquid crystal is used for
preparing he optically anisotropic layer. The optically aniso-
tropic layer is preferably a layer of polymer obtained by
polymerization (curing) of a layer constituted of a low
molecular weight liquid crystalline discotic compound such
as monomer, or a polymerizable liquid crystalline discotic
compound. Examples of the discotic (disc-like) compound
include benzene derivatives described in a research paper of
C. Destrade et al., Mol. Cryst. vol. 71, p 111 (1981), truxene
derivatives described in research papers of C. Destrade et al.,
Mol. Cryst. vol. 122, p 141 (1985), Physicslett, A, vol. 78, p
82 (1990), cyclohexane derivatives described in a research
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paper of B. Kohne, et al., Angew. Chem. vol. 96, p 70 (1984),
and azacrown-based and phenylacetylene-based macrocycles
described in a research paper of J. M. Lehnet al., J. Chem.
Commun., p 1794 (1985) and in a research paper of J. Zhang
etal.,J. Am. Chem. Soc. vol. 116, p 2655 (1994). The discotic
(disc-like) compound generally has such construction that
these molecules lie as a disk-like mother nucleus at the mol-
ecule center, to which such groups (L) as linear alkyl groups
or alkoxy groups, or substituted benzoyloxy groups are sub-
stituted radially. It shows liquid crystalline properties and
includes compounds generally called discotic liquid crystal.
When aggregates of such molecules align evenly, a negative
optically uniaxial property is shown, but the instance is not
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limited to this description. Further, in the invention, “it has
been formed from a disk-like compound” does not necessar-
ily mean that the finally formed compound is the aforemen-
tioned compound. For example, when the aforementioned
low molecular discotic liquid crystal has a group capable of
reaction by heat, light etc., a compound, which is resulted
from polymerization or crosslinking through the reaction by
heat, light etc. to have a high molecular weight and lose liquid
crystalline property, is also included.

[0141] According to the invention, the discotic liquid-crys-
talline compound represented by the formula (III) shown
below are preferably used.

D(-L-P),, Formula (IIT)

[0142] In the formula, D is a discotic core; L represents a
divalent liking group; P represents a polymerizable group; n
is an integer ranging from 4 to 12.

[0143] Preferred examples of the discotic core (D), the
divalent linking group (L) and the polymerizable group (P)
are respectively (D1)to D(15), (L.1) to (L25) and (P1) to (P18)
described in JPA No. 2001-4837; and the descriptions regard-
ing the discotic core (D), the divalent linking group (L) and
the polymerizable group (P) may be preferably applicable to
this embodiment.

[0144] Preferred examples of the discotic compound are
shown below.

TE-1
R
R R
R R
R
R: H—C“Hzg_c_o_
I
H-C12H25O O C—0— or
I
H-CIZHZSOO N=N4®7C_O_
TE-2
RO,C(CH,), CH,CO,R
RO,CH, (CH,),CO-R
RO,C(CHy)»
/ CH,COR
CH,CO,R (CHy)>CO,R

R: H-C12H15_
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-continued

TE-3
R: 1-CpaHps0CH—
TE4
OR
OR
0
RO
RO 0 0
OR
OR
I
R: n-CleZSO@C— or
H-C13H27CO_
TESS
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-continued -continued
TE-6
(6)
1-CppHm + 10,
Il
CH—C—O0—
m: an integer from 7 to 10
M
I
CH—CH—CpHop—0 C—0—
m: an integer from 4 to 10
TE-7
®)
I I
CH,=—=CH—C—0—CH,—0 C—0—
m: an integer from 4 to 10
TE-9
R: n—C15H330— R
TE-8 R
R
l R |
R ‘ R
R O R .O‘
R
R
@ R
0-Cyoy +10—
m: an integer from 2 to 15 R
@
o]
I )
1-Cgll;;— C— 00— 0
(©) R: n-Cyol C—0—
I
n-ch17o©—c—o—
2)
@ o (
o]
i |
1-CH,150 C—0— 1-Cietss0 c—o

CsH,,0 )
n-CsHy, 3

0O
I |

C—0— CH;0 NHCO(CH,)sC—0—
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-continued
TE-10
R
R R
AN F
7 X
R R
R
R: H-C7H150_
TE-11
6] R
R O‘O R
R R
R 6]
M
(0]
|
R: H-C13H27_C_O_

2)

(

0]

< > V < > |
1n-CpH,50 N=CH C—0—

[0145] The aforementioned optically anisotropic layer is
preferably a layer prepared by applying a fluid containing a
liquid crystalline compound (for example, a solution of a
liquid crystalline compound) to regions separated by the
black matrix (barrier walls) with an ink jet system, aligning
the same in an alignment state showing an intended liquid
crystal phase, and then stabilizing the aligned state by irra-
diation with heat or ionizing radiation. When the optically
anisotropic layer shows biaxial property, it is possible to
compensate accurately the viewing angle of various types of
liquid crystal cells, in particular a liquid crystal cell of the VA
mode, which is preferred. Preferable examples of the liquid
crystal composition capable of exhibiting biaxial property
include those described in JPA No. 2005-338744. Using a
rod-like liquid-crystalline compound to form a film exhibit-
ing optical biaxiality, it is necessary to align rod-like mol-
ecules in a twisted cholesteric orientation, or in a twisted
hybrid cholesteric orientation in which the tilt angles of the
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molecules are varied gradually in the thickness-direction, and
then to distort the twisted cholesteric orientation or the
twisted hybrid cholesteric orientation by irradiation of polar-
ized light. Examples of the method for distorting the orienta-
tion by the polarized light irradiation include a method of
using a dichroic liquid-crystalline polymerization initiator
(EP1389199A1), and a method of using a rod-like liquid-
crystalline compound having in the molecule thereofa photo-
alignable functional group such as cinnamoy] group (JPA No.
2002-6138). The present invention can adopt any of these
methods.

[0146] When a rod-like liquid crystalline compound and
disc-shaped liquid crystalline compound having a reactive
group are used as a liquid crystalline compound, they may
have been stabilized in any alignment state of horizontal
alignment, vertical alignment, tilt alignment, hybrid align-
ment and twisted alignment. The horizontal alignment means
that an alignment state in which discotic molecules are
aligned with their core disc-planes parallel to the layer plane.
But, it does not require that they are parallel strictly and
means, in the present description, that an alignment has an
inclination angle of less than 10 degrees that is formed rela-
tive to the horizontal plane.

[0147] When laminating two or more optically anisotropic
layers formed of a liquid crystalline composition, there is no
particular limitation on the combination of liquid crystalline
compounds. Thus, a laminate of layers all of which comprise
stabilized disc-shaped liquid crystalline compounds, a lami-
nate of layers all of which comprise stabilized rod-like liquid
crystalline compounds, and a laminate of a layer comprising
a stabilized disc-shaped liquid crystalline compound and a
layer comprising a stabilizing rod-like liquid crystalline com-
pound may be used. There is also no particular limitation on
the combination of alignment states of respective layers.
Optically anisotropic layers having the same alignment states
may be laminated, or optically anisotropic layers having dif-
ferent alignment states may be laminated.

[A-Plate or C-Plate]

[0148] The term “positive C-plate” is used for any mono-
axial birefringent layers with the optical axis along with the
thickness direction, in which the thickness-direction refrac-
tion index is larger than the in-plane refraction index. A
positive C-plate may be prepared by curing a polymerizable
liquid crystal composition in a vertical alighment state.
[0149] Theterm “positive A-plate” used for any monoaxial
birefringent layers with the optical axis parallel to the layer
plane, in which the slow axis refraction index is lager than the
thickness-direction refraction index. A positive A-plate may
be prepared by curing a polymerizable rod-like liquid crystal
composition in a homogenous alignment state.

[0150] A positive A-plate may be employed as a second
optically anisotropic layer described later. When a positive
A-plate is prepared as a second optically anisotropic layer,
rod like liquid crystal to be used for preparing it is preferably
selected from those exhibiting a nematic phase and/or a smec-
tic A phase and having An showing a reverse dispersion
wavelength-dependency in visible region, in particular, hav-
ing An satisfying the following relational expressions (I) and

(1), and more preferably satisfying (I)-1 and (II)-1:
An(450 nm)/An(550 nm)<1 (8]

An(650 nm)/A»(550 nm)>1 I

0.60<An(450 nm)/An(550 nm)<0.99 -1

1.01<A#(650 nm)/Axn(550 nm)<1.35 (ID-1
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[0151] By employing liquid crystal materials having An
showing a reverse dispersion wavelength-dependency in vis-
ible region, it is possible to produce the first optically aniso-
tropic layer as a positive A-plate and C-plate, having Re
showing a reverse dispersion wavelength-dependency in vis-
ible region, without controlling the thickness layers of the
first optically anisotropic layers disposed on fine areas. It is
also possible to produce a positive A-plate satisfying the
relational expression, Re (Red)>Re (Green)>Re (blue) by
controlling the thickness layers of the first optically anisotro-
pic layers disposed on red, green and blue areas. In such a
case, liquid crystal to be used for preparing it may be selected
for any liquid crystals such as those having An satisfying or
not satisfying the relational expressions (I) and (II). It is to be
noted that Re(Red), Re(Green) and Re (blue) respectively
means in-plane retardations of the areas of the first optically
anisotropic layer respective disposed on or under the red
areas, green areas and blue areas of the color filter layer such
as an RGB color filter and RGBW color filter.

[0152] Examples of therod-like liquid crystal satisfying the
expressions (I) and (IT) include those described in the speci-
fication of Japanese Patent Application No. 2006-339233 as
the compounds represented by the formula (1) or (2), such as
those shown below.
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state, or by curing a polymerizable rod-like liquid crystal
composition in a cholesteric alignment state.

[0154] Theterm “negative A-plate” used for any monoaxial
birefringent layers with the optical axis parallel to the layer
plane, in which the slow axis refraction index is equal to the
thickness-direction refraction index. A negative-plate may be
prepared by curing a polymerizable discotic liquid crystal
composition in a vertical alignment state.

[0155] The first optically anisotropic layer is preferably
formed by applying a coating fluid containing a liquid crys-
talline compound, undermentioned polymerization initiator
and other additives to a surface with an ink jet system. As the
solvent for use in preparing the coating fluid, an organic
solvent is preferably used. Examples of the organic solvent
include amides (e.g., N,N-dimethylformamide), sulfoxides
(e.g., dimethylsulfoxide), heterocyclic compounds (e.g.,
pyridine), hydrocarbons (e.g., benzene, hexane), alkyl
halides (e.g., chloroform, dichloromethane), esters (e.g.,
methyl acetate, butyl acetate), ketones (e.g., acetone, methyl
ethyl ketone), and ethers (e.g., tetrahydrofuran, 1,2-
dimethoxyethane). Alkyl halides and ketones are preferred.
Two or more types of organic solvent may be used in a
mixture.

0 Caly
0 OW
0
Gl $ S

NC
0
0
W R=_O/\/ W(\
0
0

@ R=_O/\/\/ W(\

0
CH;

AN
B)R=——0

0
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[0153] The term “negative C-plate” is used for any mono-
axial birefringent layers with the optical axis along with the
thickness direction, in which the thickness-direction refrac-
tion index is smaller than the in-plane refraction index. A
negative C-plate may be prepared by curing a polymerizable
discotic liquid crystal composition in a horizontal alignment
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[Stabilizing Alignment State of Liquid Crystal Composition|

[0156] After being aligned in a predetermined alignment
state, the liquid crystal composition is stabilized in the state.
Stabilizing is preferably carried out by the polymerization
reaction of the polymerizable groups contained in the liquid-
crystalline molecules. The polymerization reaction includes
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thermal polymerization reaction using a thermal polymeriza-
tion initiator and photo-polymerization reaction using a
photo-polymerization initiator. Photo-polymerization reac-
tion is preferred. Examples of photo-polymerization initia-
tors include alpha-carbonyl compounds (described in U.S.
Pat. Nos. 2,367,661 and 2,367,670), acyloin ethers (described
in U.S. Pat. No. 2,448,828), alpha-hydrocarbon-substituted
aromatic acyloin compounds (described in U.S. Pat. No.
2,722,512), polynuclear quinone compounds (described in
U.S. Pat. Nos. 3,046,127 and 2,951,758), combinations of
triarylimidazole dimers and p-aminophenyl ketone (de-
scribed in U.S. Pat. No. 3,549,367), acridine and phenazine
compounds (JPA No. S 60-105667 and U.S. Pat. No. 4,239,
850) and oxadiazole compounds (described in U.S. Pat. No.
4,212,970).

[0157] The amount of the photo-polymerization initiators
to be used is preferably 0.01 to 20% by weight, more prefer-
ably 0.5 to 5% by weight on the basis of solids in the coating
liquid. Irradiation for polymerizing the liquid-crystalline
molecules preferably uses IV rays. The irradiation energy is
preferably 20 mJ/em? to 10 J/em?, and more preferably 100 to
800 mJ/em®. Irradiation may be carried out in a nitrogen gas
atmosphere and/or under heating to accelerate the photo-
polymerization reaction.

[0158] The first optically anisotropic layer may exhibit in-
plane retardation attributed to photoinduced orientation with
the aid of polarized light irradiation. The polarized light irra-
diation may be carried out at the same time with photo-
polymerization process in the fixation of orientation, or the
polarized light irradiation may precede and then may be fol-
lowed by non-polarized light irradiation for further fixation,
or the non-polarized light irradiation for fixation may precede
and the polarized light irradiation may succeed for the pho-
toinduced orientation. The optically anisotropic layer exhib-
iting in-plane retardation attributed to the photoinduced ori-
entation with the aid of the polarized light irradiation is
excellent in particular for optical compensation of VA-mode
liquid crystal display device.

[Photo-Alignment by Irradiation of Polarized Light]

[0159] The aforementioned first optically anisotropic layer
may be a layer in which an in-plane retardation has been
expressed by the photo-alignment through irradiation of
polarized light. In order to obtain a large in-plane retardation,
itis necessary to effect the irradiation of polarized light firstly
after coating and aligning a liquid crystalline compound
layer. The irradiation of polarized light is preferably carried
out under an inert gas atmosphere with an oxygen concentra-
tion 0f 0.5% or less. The irradiation energy is preferably from
20 mJ/em? to 10 J/em?, further preferably 100-800 mJ/cm?.
The luminance is preferably 20-1000 mW/cm?, more prefer-
ably 50-500 mW/em?, further preferably 100-350 mW/cm?.
Although there is no particular limitation on the type ofliquid
crystalline compound that is cured by the irradiation of polar-
ized light, a liquid crystalline compound having an ethylenic
unsaturated group as a reactive group is preferred. The irra-
diation wavelength has a peak preferably at 300-450 nm,
further preferably at 350-400 nm.

[Post-Curing by Irradiation of Ultraviolet Rays after Irradia-
tion of Polarized Light]

[0160] By further irradiating the aforementioned first opti-
cally anisotropic layer with polarized or unpolarized ultravio-
let rays after the initial irradiation of polarized light (irradia-
tion for photo-alignment), the reaction rate of a reactive group
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is enhanced (post-curing) to allow the layer to be produced at
a large transfer speed, as well as to be improved in adhesive-
ness etc. The post-curing may be effected by the irradiation of
either polarized light or unpolarized light, but the use of
polarized light is preferred. Further, twice or more of post-
curing is preferred. In that case, polarized light alone, unpo-
larized light alone, or a combination of polarized and unpo-
larized lights may be used. In the case of the combination,
polarized light is preferably irradiated prior to the irradiation
of unpolarized light. At the irradiation of ultraviolet rays, the
substitution by an inert gas may or may not be carried out, but
the irradiation is preferably carried out under an inert gas
atmosphere with an oxygen concentration of 0.5% or less.
The irradiation energy is preferably from 20 mJ/em? to 10
Jem?, further preferably from 100 to 800 mJ/ecm®. The illu-
minance is preferably from 20 to 1000 mW/cm?, more pref-
erably from 50 to 500 mW/em®, further preferably from 100
to 350 mW/cm?. In the case of the irradiation of polarized
light, the irradiation wavelength has a peak at preferably from
300 to 450 nm, further preferably from 350 to 400 nm. In the
case of the irradiation of unpolarized light, it has a peak at
preferably from 200 to 450 nm, further preferably from 250 to
400 nm.

[0161] The optical property of the aforementioned first
optically anisotropic layer has been preferably regulated to
the optimal optical properties for the viewing angle compen-
sation upon the entrance of R light, G light and B light,
respectively. That is, it is preferred that, when a color filter
layer is colored in red to be used for forming an R layer of a
color filter, the optical property of the optically anisotropic
layer has been regulated to be optimal for the viewing angle
compensation upon entrance of R light; when it is colored in
green, the optical property of the optically anisotropic layer
has been regulated to be optimal for the viewing angle com-
pensation upon entrance of G light; and when it is colored in
blue, the optical property of the optically anisotropic layerhas
been regulated to be optimal for the viewing angle compen-
sation upon entrance of B light. The optical property of the
optically anisotropic layer can be regulated in a preferable
range, for example, by regulating the type of a liquid crystal-
line compound, type or addition amount of an alignment-
controlling agent; the type of an alignment film, and rubbing
treatment condition and thickness of an alignment film; or the
condition of irradiation of polarized light.

[Aid for Horizontal Alignment]

[0162] Atleastone compound represented by a formula (1),
(2) or (3) shown below may be added to the composition used
for forming the optically anisotropic layer, in order to pro-
mote aligning the liquid-crystalline molecules horizontally. It
is to be noted that the term “horizontal alignment” means that,
regarding rod-like liquid-crystalline molecules, the molecu-
lar long axes thereof and a layer plane are parallel to each
other, and, regarding discotic liquid-crystalline molecules,
the disk-planes of the cores thereof and a layer plane are
parallel to each other. However, they are not required to be
exactly parallel to each other, and, in the specification, the
term “horizontal alignment” should be understood as an
alignment state in which molecules are aligned with a tilt
angle against a layer plane less than 10 degree. The tilt angle
is preferably from 0 to 5 degree, more preferably 0 to 3
degree, much more preferably from 0 to 2 degree, and most
preferably from 0 to 1 degree.
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[0163] The formula (1) to (3) will be described in detail
below.
Formula (1)
1
R\Xl
N*\N
SN Jl\ )\ R

[0164] Inthe formula, R', R? and R? respectively represent
a hydrogen atom or a substituent; and X', X* and X? respec-
tively represent a single bond or a divalent linking group.
Preferred examples of the substituent represented by R*, R? or
R? include substituted or non-substituted alkyls (preferably
non-substituted alkyls or fluoro-substituted alkyls), substi-
tuted or non-substituted aryls (preferably aryls having at least
one non-substituted alkyl or fluoro-substituted alkyl), substi-
tuted or non-substituted aminos, substitute or non-substituted
alkoxys, substituted or non-substituted alkylthios and halo-
gens. The X', X* and X? respectively represent a divalent
linking group; preferably represent a divalent group selected
from the group consisting of an alkylene, an alkenylene, a
divalent aromatic group, a divalent cyclic group, —CO—,
—NR“— (R” represents a C,_s alkyl or a hydrogen atom),
—0—,—85—,—S0—,—80,— and combinations thereof;
and more preferably represent a divalent linking group
selected from the group consisting of an alkylene, phenylene,
—CO—, —NR*—, —O—, —S— and —SO,— and any
combinations thereof. The number of carbon atoms of the
alkylene preferably ranges from 1 to 12. The number of
carbon atoms of the alkenylene preferably ranges from 2 to
12. The number of carbon atoms of the divalent aromatic
group preferably ranges from 6 to 10.

Formula (I)

\ | / COH

R

[0165] In the formula, R represents a substituent, m is an
integer from 0 to 5. When m is 2 or more, plural R may be
same or different each other. Preferred examples of the sub-
stituent represented by R are same as those exemplified as
examples of R', R? or R? in the formula (1). In the formula (IT),
m preferably represents an integer ranging from 1 to 3, and is
more preferably 2 or 3.

Formula (3)
0] OR*

R’0 OR’
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[0166] In the formula, R*, R>, R® R® and R respectively
represent a hydrogen atom or a substituent. Preferred
examples of the substituent represented by R*, R>, R®, R”, R®
and R® are same as those exemplified as examples of R*, R or
R? in the formula (1)

[0167] Examples of the planar alignment agent, which can
be used in the present invention, include those described in
JPA No. 2005-09924B and the methods for preparing such
compounds are described in the document.

[0168] The amount of the compound represented by the
formula (1), (2) or (3) is preferably from 0.01 to 20 weight %,
more preferably from 0.01 to 10 weight % and much more
preferably from 0.02 to 1 weight %. One type compound may
be selected from the formula (1), (2) or (3) and used singly, or
two or more type of compounds may be selected from the
formula (1), (2) or (3) and used in combination.

[Aid for Vertical Alignment]

[0169] At least one compound capable of aligning liquid
crystalline molecules in a substantial vertical alignment state
at an air-interface or an alignment layer-interface may be
added to the composition used for forming the optically
anisotropic layer, so that liquid-crystalline molecules hori-
zontally are substantially aligned vertically. Examples of the
aid for vertical alignment of rod-like liquid crystal include
those described in JPA No. 2006-106662; and examples of the
method for controlling the vertical alignment of discotic lig-
uid crystal include those described in JPA Nos. 2005-222004,
2005-196015, 2005-196016, 2006-85098, 2006-106662 and
2006-113500. It is to be noted that the term “vertical align-
ment” means that, regarding rod-like liquid-crystalline mol-
ecules, the molecular long axes thereof and a layer plane are
vertical to each other, and, regarding discotic liquid-crystal-
line molecules, the disk-planes of the cores thereofand alayer
plane are vertical to each other. However, they are not
required to be exactly vertical to each other, and, in the speci-
fication, the term “vertical alignment” should be understood
as an alignment state in which molecules are aligned with a
tilt angle against a layer plane ranging from 70 to 90 degree.
The tilt angle is preferably from 75 to 90 degree, and more
preferably from 80 to 90 degree.

[Alignment Layer]

[0170] As described above, an alignment layer may be uti-
lized in order to form the optically anisotropic layer. The
alignment layer is generally provided on a transparent sub-
strate or a color filter layer coated on the transparent substrate.
The alignment layer functions so as to define the alignment
direction of a liquid crystalline compound that is provided
thereon. Any layer may be used as an alignment layer pro-
vided that it can give the alignment property to the optically
anisotropic layer. Examples ofthe preferable alignment layer
include a layer of an organic compound (preferably polymer)
having been subjected to rubbing treatment, an oblique
evaporation layer of an inorganic compound and a layer hav-
ing micro grooves, further, an accumulated film of w-tri-
cosanoic acid, dioctadecylmethylammonium chloride or
methyl stearate formed by a Langmuir-Blodgett method (LB
film), and layers formed by aligning dielectric materials by
applying an electric field or magnetic field.
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[0171] Examples of the organic compound for the align-
ment layer include polymers such as polymethyl methacry-
late, acrylic acid/methacrylic acid copolymer, styrene/ma-
leinimide copolymer, polyvinyl alcohol, poly(N-methylol
acrylamide), styrene/vinyl toluene copolymer, chlorosul-
fonated polyethylene, nitrocellulose, polyvinyl chloride,
chlorinated polyolefin, polyester, polyimide, vinyl acetate/
vinyl chloride copolymer, ethylene/vinyl acetate copolymer,
carboxymethyl cellulose, polyethylene, polypropylene and
polycarbonate, and compounds such as a silane coupling
agent. Examples of preferable polymers can include polyim-
ide, polystyrene, polymers of styrene derivatives, gelatin,
polyvinyl alcohol and alkyl-modified polyvinyl alcohol hav-
ing an alkyl group (preferably having six or more carbon
atoms).

[0172] Polymer is preferably used for forming an align-
ment layer. The type of polymer that is utilizable can be
determined in accordance with the alignment (particularly an
average tilt angle) of a liquid crystalline compound. For
example, in order to align horizontally the liquid crystalline
compound, a polymer that does not lower the surface energy
of the alignment layer (ordinary polymer for alignment) is
used. As to specific types of polymers, there are descriptions
in various documents about a liquid crystal cell or an optical
compensatory sheet. For example, polyvinyl alcohol or modi-
fied polyvinyl alcohol, copolymer with polyacrylic acid or
polyacrylic acid ester, polyvinyl pyrrolidone, cellulose or
modified cellulose are preferably used. Raw materials for the
alignment layer may have a functional group capable ofreact-
ing with a reactive group of a liquid crystalline compound.
The reactive group can be introduced by introducing a repeat-
ing unit having a reactive group in a side chain, or as a
substituent of a cyclic group. The use of an alignment layer
that forms a chemical bond with a liquid crystalline com-
pound at the interface is more preferred. Such alignment layer
is described in JPA NO. H9-152509, and modified polyvinyl
alcohol to which an acrylic group is introduced in a side chain
thereof using acid chloride or Karenz MOI (manufactured by
SHOWA DENKO K.K.) is particularly preferred. The thick-
ness of the alignment layer is preferably from 0.01 to 5 pm,
further preferably from 0.05 to 2 pm.

[0173] Inaddition, a polyimide (preferably a fluorine atom-
containing polyimide) film widely used as the alignment
layer of LCD is also preferred as an organic alignment layer.
This can be obtained by coating polyamic acid (such as
LQ/LX series manufactured by Hitachi Chemical Co., T.td.,
or SE series manufactured by NISSAN CHEMICAL
INDUSTRIES, L'TD.) on the substrate surface, burning the
same at 100-300° C. for 0.5-1 hour, and then rubbing the
same.

[0174] As to the rubbing treatment, a treatment method
which is widely adopted as a step of aligning liquid crystal in
an LCD can be utilized. That is, a method, in which the
surface of the alignment layer is rubbed with paper, gauze,
felt, rubber, nylon or polyester fiber in a predetermined direc-
tion to attain alignment, can be used. In general, it is practiced
by carrying out the rubbing around several times using a cloth
obtained by grafting uniformly fibers having a uniform length
and thickness.

[0175] As a vapor deposition material for an inorganic
oblique vapor deposition film, SiO is a representative
example, and metal oxides such as TiO, and ZnQO,, fluorides
such as MgF,, and further metals such as Au and A" can be
mentioned. Incidentally, any metal oxides may be used as an
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oblique vapor deposition material provided that it has a high
permittivity, and they are not limited to those described
above. An inorganic oblique vapor deposition film can be
formed by using a vapor deposition apparatus. By carrying
out vapor deposition while fixing a film (substrate), or carry-
ing out vapor deposition continuously while moving a long
film, an inorganic oblique vapor deposition film can be
formed.

[Color Filter Layer]

[0176] According to the invention, the color filter layer
disposed on the substrate may be formed ofa colored polymer
composition. The colored polymer composition preferably
comprises, at least, (1) a monomer and/or oligomer; and (2) a
colorant such as dye or pigment. Being hardened under light
irradiation or the like, the color filter layer may be formed of
the composition further comprising (3) a photo-polymeriza-
tion initiator. For controlling the membrane properties, the
composition may further comprise (4) binder. The ingredients
(1) to (4) will be described in detail.

(1) Monomer or Oligomer

[0177] The monomer or oligomer used for preparing the
color layer may be selected from radical polymerizable
monomers or oligomers such as compounds, having two or
more ethylenic unsaturated double bonds, capable of addition
polymerization upon being irradiated by light. As such mono-
mer and oligomer, compounds having at least one ethylenic
unsaturated group capable of addition polymerization, and
having a boiling point of 100° C. or above under normal
pressure can be exemplified. The examples include mono-
functional acrylates and monofunctional methacrylates such
as polyethylene glycol mono(meth)acrylate, polypropylene
glycol mono(meth)acrylate and phenoxyethyl(meth)acry-
late; multi-functional acrylate and multi-functional meth-
acrylate, obtained by adding ethylene oxide or propylene
oxide to multi-functional alcohols such as trimethylol pro-
pane and glycerin, and then converting them into (meth)
acrylates, such as polyethylene glycol di(meth)acrylate,
polypropylene glycol di(meth)acrylate, trimethylolethane
triacrylate, trimethylolpropane tri(meth)acrylate, trimethy-
lolpropane diacrylate, neopentyl glycol di(meth)acrylate,
pentaerythritol tetra(meth)acrylate, pentaerythritol tri(meth)
acrylate, dipentaerythritol hexa(meth)acrylate, dipentaeryth-
ritol penta(meth)acrylate, hexanediol di(meth)acrylate, trim-
ethylol propane tri(acryloyloxypropyl)ether, tri
(acryloyloxyethyl)isocyanurate, tri(acryloyloxyethyl)
cyanurate, glycerin tri(meth)acrylate.

[0178] Additional examples of multi-functional acrylates
and methacrylates include urethane acrylates such as those
described in Examined Japanese Patent Publication “Tokko-
sho”, hereinafter referred to as “JPB”, Nos. S48-41708, S50-
6034 and JPA No. S51-37193; polyester acrylates such as
those described in JPA No. S48-64183, JPB Nos. S49-43191
and S52-30490; and epoxyacrylates which are reaction prod-
ucts of epoxy polymer and (meth)acrylic acid. Of these, tri-
methylolpropane tri(meth)acrylate, pentaerythritol tetra
(meth)acrylate,  dipentaerythritol  hexa(meth)acrylate,
dipentaerythritol penta(meth)acrylate are preferable.

[0179] Besides these, also “polymerizable compound B”
described in the JPA No. H11-133600 are exemplified as the
preferable examples.
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[0180] These monomers or oligomers can be used indepen-
dently or in combination of two or more species thereof. The
content of the monomer or oligomer generally falls in the
range from 5 to 50% by weight, and more preferably from 10
to 40% by weight, of the total weight of the solid components
contained in the polymer composition.

[0181] The monomer or oligomer used for preparing the
color layer may be selected from cation-polymerizable
monomers and oligomers. Examples of such monomer and
oligomer include epoxy-base compounds such as cyclic
ethers, cyclic formals, acetals, vinylalkyl ethers and com-
pounds having a thirane group bisphenol-type epoxy resins,
novolac-type epoxy resins, alicyclic epoxy resins, epoxidized
unsaturated fatty acids and epoxidized polybutadienes. More
specific examples of such monomer and oligomer include
compounds described in “New Epoxy Resins (Shin Epokishi
Jushi)” written and edited by Hiroshi Kakiuchi (published by
SHOKODO CO.,LTD in 1985) and “Epoxy Resins (Epokishi
Jushi)” written and edited by Kuniyuki Hashimoto (published
by NIKKAN KOGYO SHIMBUN, LTD in 1969); and
3-functional glycidyl ethers (e.g., trimethylolethane trigly-
cidyl ether, trimethylolpropane triglycidyl ether, glycerol
triglycidyl ether, triglycidyl tris hydroxy ethylisocyanurate),
4- or more functional glycidyl ethers (e.g., sorbitol tetragly-
cidyl ether, pentaerythritol tetraglycidyl ether, polyglycidyl
ether of cresol-novolac resin and polyglycidyl ether of phe-
nol-novolac resin), 3- or more functional alicyclic epoxys
(e.g., “EPOLEAD GT-301”, “EPOLEAD GT-401” and
“BEHPE”, all of which are available from DAICEL CHEMI-
CALINDUSTRIES, LTD., and polycyclohexyl epoxymethyl
ether of phelol-novolac resin), and 3- or more functional
oxetanes (e.g., “OX-SQ” and “PNOX-1009”, all of which are
available from TOAGOSEI CO., LTD.)

[0182] The monomer and/or oligomer, which can be added
to the color filter layer, may be added to the optically aniso-
tropic layer.

(2) Colorant Agent

[0183] One or more colorant such as dye or pigment
selected from known colorants may be added to the colored
polymer composition. It is preferable that the colorant is
dispersed in the polymer composition uniformly, and, in
terms of dispersion, the particle diameter thereof is preferably
equal to or less than 0.1 um, and more preferably equal to or
less than 0.08 pum.

[0184] Examples of dye and pigment which can be used as
colorant in the invention include Victoria pure blue BO(C.1.
42595), Auramine (C.1. 41000), Fat-black HB(C.I. 26150),
C.l. pigmenteyellow 1, ClI. pigmenteyellow 3, C.l.
pigmenteyellow 12, ClI. pigmenteyellow 13, C.I.
pigmenteyellow 14, C.I. pigmentsyellow 5, C.I
pigmenteyellow 16, C.I. pigmenteyellow 17, C.I.
pigmenteyellow 20, C.I. pigmentsyellow 24, C.IL
pigmenteyellow 31, C.I. pigmenteyellow 55, C.I.
pigmenteyellow 60, C.I. pigmentsyellow 61, C.I.
pigmenteyellow 65, C.I. pigmenteyellow 71, C.I.
pigmenteyellow 73, C.I. pigmentsyellow 74, C.I
pigmenteyellow 81, C.I. pigmenteyellow 83, C.I.
pigmenteyellow 93, C.I. pigmentsyellow 95, C.I.
pigmenteyellow 97, C.I. pigmentsyellow 98, C.I.
pigmenteyellow 100, C.I. pigmentryellow 101, C.I.
pigmenteyellow 104, C.I. pigmenteyellow 106, C.I.
pigmenteyellow 108, C.I. pigmentryellow 109, C.I.
pigmenteyellow 110, C.I. pigmenteyellow 113, C.I.
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pigmenteyellow 114, C.L
pigmenteyellow 117, C.L
pigmenteyellow 120, C.L
pigmenteyellow 127, C.L
pigmenteyellow 129, C.L
pigmentryellow 139, C.L
pigmenteyellow 151, C.L
pigmenteyellow 153, C.L
pigmenteyellow 155, C.L
pigmenteyellow 166, C.L
pigmentryellow 175, C.L
pigmenteyellow 185; ClI.
pigmenteorange 5, C.L

pigmentrorange 14, C.I.
pigmenteorange 17, C.IL
pigmentrorange 34, ClIL
pigmenteorange 38, C.L
pigmenteorange 43, C.IL
pigmenteorange 49, C.I
pigmentrorange 61, C.IL
pigmenteorange 64, C.I
pigmenteorange 73; C.I. ,
pigmenteviolet 19, C.I. pigmenteviolet 23, ClIL
pigmenteviolet 29, C.I. pigmenteviolet 32, ClI.
pigmenteviolet 36, C.1. pigmenteviolet 38; C.I. pigmentered 1,
C.I. pigmentered 2, C.I. pigmentered 3, C.I. pigmentered 4,
C.I. pigmentered 5, C.I. pigmentered 6, C.I. pigmentered 7,
C.1. pigmentered 0.8, C.I. pigmentered 9, C.I. pigmentered 10,
C.I. pigmentered 11, C.I. pigmentered 12, C.I. pigmentered
14, C.I. pigmentered 15, CI. pigmentered 16, ClI.
pigmentered 17, C.I. pigmentered 18, C.I. pigmentered 19,
C.I. pigmentered 21, C.I. pigmentered 22, C.I. pigmentered
23, C.I pigmentered 30, C.I. pigmentered 31, C.l.
pigmentered 32, C.I. pigmentered 37, C.I. pigmentered 38,
C.I. pigmentered 40, C.I. pigmentered 41, C.I. pigmentered
42, C.I. pigmentered 48:1, CI. pigmentered 48:2, C.I.
pigmentered 48:3, C.I. pigmentered 48:4, C.I. pigmentered
49:1, C.I. pigmentered 49:2, C.I. pigmentered 50:1, C.I.
pigmentered 52:1, C. L. pigmentered 53:1, C.I. pigmentered
57, CI. pigmentered 57:1, C.I. pigmentered 57:2, C.I. pig-
ment red 58:2, C.1. pigmentered 58:4, C.I. pigmentered 60:1,
C.l. pigmentered 63:1, CI. pigmentered 63:2, C.I
pigmentered 64:1, C.I. pigmentered 81:1, C.I. pigmentered
83, C.I pigmentered 88, C.I. pigmentered 90:1, C.I.
pigmentered 97, C.I. pigmentered 101, C.I. pigmentered 102,
C.I. pigmentered 104, C.I. pigmentered 105, C.I. pigmentered
106, C.I. pigmentered 108, C.I. pigmentered 112, ClI
pigmentered 113, C.I. pigmentered 114, C.I. pigmentered 122,
C.1. pigmentered 123, C.I. pigmentered 144, C.I. pigmentered
146, C.I. pigmentered 149, C.I. pigmentered 150, C.I.
pigmentered 151, C.I. pigmentered 166, C.I. pigmentered 168,
C.I. pigmentered 170, C.I. pigmentered 171, C.I. pigmentered
172, C.I. pigmentrred 174, C.I. pigmentered 175, CI.
pigmentered 176, C.I. pigmentered 177, C.I. pigmentered 178,
C.1. pigmentered 179, C.I. pigmentered 180, C.I. pigmentered
185, C.I. pigmentered 187, C.I. pigmentered 188, C.I.
pigmentered 190, C.1. pigmentered 193, C.I. pigmentered 194,
C.1. pigmentered 202, C.I. pigmentered 206, C.I. pigmentered
207, C.I. pigmentsred 208, C.I. pigmentered 209, C.I.
pigmentered 215, C.1. pigmentered 216, C.I. pigmentered 220,
C.1. pigmentered 224, C.I. pigmentered 226, C.1. pigmentered
242, C.I. pigmentered 243, C.I. pigmentered 245, C.I.
pigmentered 254, C.1. pigmentered 255, C.I. pigmentered 264,
C.I. pigmentered 265; CI. pigmentsblue 15, C. 1.

pigmenteyellow 116, C.I.
pigmenteyellow 119, C.L
pigmenteyellow 126, C.L
pigmenteyellow 128, C.L
pigmenteyellow 138, C.L
pigmentryellow 150, C.L
pigmenteyellow 152, C.L
pigmenteyellow 154, C.L
pigmenteyellow 156, C.I
pigmenteyellow 168, C.L
pigmenteyellow 180, C.I

pigmenteorange 1, C.L
pigmenteorange 13, C.L
pigmenteorange 16, C.I.
pigmenteorange 24, C.I.
pigmenteorange 36, C.I.
pigmenteorange 40, C.I.
pigmenteorange 46, C.I.
pigmenteorange 51, C.I.
pigmenteorange 63, C.I.
pigmenteorange 71, C.I.

pigmenteviolet 1, C.I
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pigmentsblue 15:3, C. 1. pigmentblue 154, C. L
pigmenteblue 15:6, C.I. pigment*blue 60, C.1. pigmentegreen
7, CI. pigment green 36, C.I. pigmentsblown 23, C.I.
pigmentsblown 25, and C.I. pigmenteblack 1 and C.I.
pigmenteblack 7.

[0185] Among those, the colorant is preferably selected
from (i) C.I. pigmentered 254 for the R(red)-colored polymer
composition, (i) C.I. pigmentsgreen 36 for the G(green)-
colored polymer composition, and (iii) C.I. pigment*blue
15:6 for the B(blue)-colored polymer composition. Plural
colorant may be used in combination.

[0186] Preferred examples of the combination include the
combinations of C.I. pigmentered 254 and C.I. pigmentered
224, C.I. pigmenteyellow 139 and C.1. pigmenteviolet 23; the
combinations of CJI. pigmentsgreen 36 and C.I.
pigmenteyellow 150, C.I. pigment yellow 139, ClI.
pigmenteyellow 185, C.I. pigmenteyellow 138 or C.I.
pigmenteyellow 180; and the combinations of C.I.
pigmenteblue 15:6 and C.I. pigmenteviolet 23 or C.I.
pigment*blue 60.

[0187] The amount of C.1. pigmentered 254 is preferably
equal to or more than 80 weight %, and more preferably equal
to or more than 90 weight % with respect to the total weight
of the pigment employed in the colored polymer composition.
The amount of C.I. pigment*green 36 is preferably equal to or
more than 50 weight %, and more preferably equal to or more
than 60 weight % with respect to the total weight of the
pigment employed in the colored polymer composition. The
amount of C.I. pigmentsblue 15:6 is preferably equal to or
more than 80 weight %, and more preferably equal to or more
than 90 weight % with respect to the total weight of the
pigment employed in the colored polymer composition.
[0188] The dispersion fluid of pigment is preferably used.
The dispersion fluid may be prepared by mixing pigment and
dispersant for pigment in advance to form a composition and
dispersing the composition in organic solvent (or vehicle),
described hereinafter. The term “vehicle” is used for a fluid
medium of fluid colorant, in which pigment is dispersed,
comprising an ingredient (binder) capable of hardening a
coated film together with the pigment and another ingredient
(organic solvent) capable of diluting the ingredient. The dis-
persion of pigment may be carried out with the aid of any
known dispersing equipment, described on page 438 in the
first edition of “Pigment Dictionary (Ganryoh Jiten)” written
by Kunizoh Asakura (published in 2000), such as kneaders,
rollmills, 7+345"-, super mills, dissolvers, homogenizers and
sand mills. The pulverization of pigment may also be carried
out with the aid of frictional force mechanically as written on
page 310 in the dictionary.

[0189] The colorant such as pigment, which can be used in
the invention, is preferably selected from those having a num-
ber-average particle size falling within the range from 0.001
to 0.1 um, and more preferably from 0.01 to 0.08 pm. The
pigment, having a particle size smaller than 0.001 um, exhib-
its a large particle-surface energy, may easily agglutinate and
then may be hardly able to be dispersed and maintain the
stable dispersion state. On the other hand, the pigment, hav-
ing a particle size larger than 0.1 wm, may contribute to
elimination of polarized light, and then to decrease of the
contrast. The term “particle size” means a diameter of a circle,
having a same area, to which an electron microgram image of
a particle is approximated; and the term “number-average
particle size” means a 100-particles average of the diameters
to be calculated in the above manner.
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[0190] Thecontrast ofthe colored pixel can be increased by
employing dispersed pigment having a smaller diameter. For
reducing the particle size, the time for dispersion may be
controlled. Any known dispersion machine described in the
above can be used for the dispersion. The dispersion time is
preferably 10to 30 hours, more preferably 18 to 30 hours, and
most preferably 24 to 30 hours. A dispersion time of less than
10 hours may result in pigment-induced canceling of polar-
ization due to large grain size of the pigment, and lowering in
the contrast. On the other hand, a dispersion time exceeding
30 hours may increase the viscosity of the dispersion liquid,
and may make the coating difficult. Difference in the contrast
of two or more colored pixels can be suppressed to 600 or
smaller, by adjusting the grain size to thereby achieve a
desired contrast.

[0191] The contrast of the individual colored pixels of the
color filter formed by using the above-described photosensi-
tive polymer layer is preferably 2000 or larger, more prefer-
ably 2800 or larger, still more preferably 3000 or larger, and
most preferably 3400 or larger. If the contrast of the indi-
vidual colored pixels composing the color filter is less than
2000, images observed on the liquid crystal display device
having the color filter incorporated therein generally give a
whitish impression, which is not comfortable to watch, and is
undesirable. Difference in the contrast among the individual
colored pixels is preferably suppressed to 600 or smaller,
more preferably 410 or smaller, still more preferably 350 or
smaller, and most preferably 200 or smaller. A difference in
the contrast of the individual pixels of 600 or smaller makes
light leakage from the individual colored pixel portions in the
black state not so largely different from each other, and this is
desirable in terms of ensuring a good color balance in the
black state.

(3) Photo-Polymerization Initiator

[0192] The photopolymerization initiator or photopoly-
merization initiator system used for the photosensitive poly-
mer layer can be exemplified by vicinal polyketaldonyl com-
pounds disclosed in U.S. Pat. No. 2,367,660, acyloin ether
compounds described in U.S. Pat. No. 2,448,828, aromatic
acyloin compounds substituted by a-hydrocarbon described
in U.S. Pat. No. 2,722,512, polynuclear quinone compounds
described in U.S. Pat. Nos. 3,046,127 and 2,951,758, combi-
nation of triaryl imidazole dimer and p-aminoketone
described in U.S. Pat. No. 3,549,367, benzothiazole com-
pounds and trihalomethyl-s-triazine compounds described in
IJPB No. 51-48516, trihalomethyl-triazine compounds
described in U.S. Pat. No. 4,239,850, and trihalomethyl oxa-
diazole compounds described in U.S. Pat. No. 4,212,976.
Trihalomethyl-s-triazine, trihalomethyl oxadiazole and tri-
aryl imidazole dimer are particularly preferable.

[0193] Besides these, “polymerization initiator C”
described in JPA No. H11-133600 can also be exemplified as
a preferable example.

[0194] The content of the photopolymerization initiator or
the photopolymerization initiator system generally falls in the
range from 0.5 to 20% by weight, and more preferably from
1 to 15% by weight, of the total weight of the solid compo-
nents contained in the composition.

[0195] Examples of the cation polymerization initiator
include double salts such as aryldiazonium salts, diaryliodo-
nium salts and triarylsulfonium salts of Lewis acids such as
tetrafluoro borate and hexafluoro phosphenol; and mixtures
of silane compounds, which are capable of generating silanol,
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such as benzylsilyl ether, o-nitrobenzylsilyl ether and triph-
enyl(t-butyl)peroxysilane and aluminum complexes such as
tris(ethylacet acetic acid). The amount of the cation polymer-
ization initiator is preferably from 0.5 to 20 weight % and
more preferably from 1 to 15 weight % with respect to the
total weight of the solid components contained in the com-
position.

[0196] The photo-polymerization system, employing two
or more types of different photo-reaction mechanisms, may
be used in the invention.

(4) Binder

[0197] The binder is preferably selected from polymers
having, in the side chain thereof, a polar group such as a
carboxylic acid group or a carboxylic salt group. Examples
thereof include methacrylic acid copolymer, acrylic acid
copolymer, itaconic acid copolymer, crotonic acid copoly-
mer, maleic acid copolymer, and partially-esterified maleic
acid copolymer described in JPA No. S59-44615, JPB Nos.
S54-34327, S58-12577 and S54-25957, JPA Nos. $59-53836
and S59-71048.

[0198] Cellulose derivatives having on the side chain
thereof a carboxylic acid group can also be exemplified.
Besides these, also cyclic acid anhydride adduct of hydroxyl-
group-containing polymer are preferably used.

[0199] Particularly preferable examples include copolymer
of benzyl(meth)acrylate and (meth) acrylic acid described in
U.S. Pat. No. 4,139,391, and multi-system copolymer of ben-
zyl (meth)acrylate and (meth)acrylic acid and other mono-
mer. These binder polymers having polar groups may be used
independently or in a form of composition comprising a gen-
eral film-forming polymer.

[0200] Thecontent of the polymer generally falls within the
range from 20 to 50% by weight, and more preferably from 24
to 45% by weight, of the total weight of the solid components
contained in the polymer composition.

[0201] In this specification, “contrast of the colored pixel”
means the contrast individually evaluated for each of the
colors R, G and B composing the color filter. A method of
measuring the contrast is as follows. Polarizer plates are
stacked on a sample to be measured on both sides thereof,
while aligning the direction of polarization of the polarizer
plates in parallel with each other, the sample is then illumi-
nated by a back light from one polarizer plate side, and
luminance Y1 of light transmitted through the other polarizer
plate is measured. Next, the polarizer plates are orthogonally
crossed, the sample is then illuminated by the back light from
one polarizer plate sides, and luminance Y2 of light transmit-
ted through the other is measured. The contrast is expressed as
Y1/Y2 using thus obtained values of measurement. It is to be
noted that the polarizer plates used for the contrast measure-
ment are the same as those used for the liquid crystal display
device using the color filter.

[0202] The color filter formed of the composition prefer-
ably contains an appropriate surfactant in such colored poly-
mer composition, in view of effectively preventing non-uni-
formity in display (non-uniformity in color due to variation in
the film thickness). Any surfactants are applicable so far as
they are miscible with the photosensitive polymer composi-
tion. Surfactants preferably applicable to the present inven-
tion include those disclosed in paragraphs [0090] to [0091] in
JPA No. 2003-337424, paragraphs [0092] to [0093] in JPA
No. 2003-177522, paragraphs [0094] to [0095] in JPA No.
2003-177523, paragraphs to [0097] in JPA No. 2003-177521,
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paragraphs [0098] to in JPA No. 2003-177519, paragraphs
[0100] to [0101] in JPA No. 2003-177520, paragraphs [0102]
to [0103] in JPA No. H11-133600 and those disclosed as the
invention in JPA No. H6-16684. In view of obtaining more
larger effects, itis preferable to use any of fluorine-containing
surfactants and/or silicon-base surfactants (fluorine-contain-
ing surfactant, or, silicon-base surfactant, and surfactant con-
taining both of fluorine atom and silicon atom), or two or
more surfactants selected therefrom, wherein the fluorine-
containing surfactant is most preferable. For the case where
the fluorine-containing surfactant is used, the number of fluo-
rine atoms contained in the fluorine-containing substituents
in one surfactant molecule is preferably 1 to 38, more pref-
erably 5 to 25, and most preferably 7 to 20. Too large number
of fluorine atoms is undesirable in view of degrading solubil-
ity in general fluorine-free solvents. Too small number of
fluorine atoms is undesirable in view of failing in obtaining
effects of improving the non-uniformity.

[0203] Particularly preferable surfactants can be those con-
taining a copolymer which includes the monomers expressed
by the formulae (a) and (b) below, having a ratio of mass of
formula (a)/formula (b) of 20/80 to 60/40:

Formula (a)
H,C= ?—COO(CHZ)HCH‘FZW 1
Rl
Formula (b)
H,C= ?—COO(CHZCHO)p —(CH,CH0)q— R*
|

R? R?

[0204] In the formulae, R, R? and R? independently rep-
resent a hydrogen atom or a methyl group, R* represents a
hydrogen atom or an alkyl group having the number of carbon
atoms of 1 to 5. n represents an integer from 1 to 18, and R?
represents an integer from 2 to 14. p and q represents integers
from 0 to 18, excluding the case where both of p and q are 0.
[0205] Itis to be defined now that a monomer expressed by
the formula (a) and a monomer expressed by the formula (b)
of the particularly preferable surfactants are denoted as
monomer (a) and monomer (b), respectively. C,F,,,.;
appears in the formula (a) maybe straight-chained or
branched. m represents an integer from 2 to 14, and is pref-
erably an integer from 4 to 12. Content of C, I, ,, is prefer-
ably 20 to 70% by weight, and more preferably 40 to 60% by
weight, of the monomer (a). R" represents a hydrogen atom or
amethyl group. n represents 1 to 18, and more preferably 2 to
10. R* and R® appear in the formula (b) independently repre-
sent a hydrogen atom or a methyl group, and R* represents a
hydrogen atom or an alkyl group having the number of carbon
atoms of 1 to 5. p and q respectively represent integers of 0 to
18, excluding the case where both of pand q are 0. p and q are
preferably 2 to 8.

[0206] Themonomer (a) contained in one particularly pref-
erable surfactant molecule may be those having the same
structure, or having structures differing within the above-
defined range. The same will apply also to the monomer (b).

[0207] The weight-average molecular weight Mw of a par-
ticularly preferable surfactant preferably falls in the range
from 1000 to 40000, and more preferably from 5000 to
20000. The surfactant characteristically contains acopolymer
composed of the monomers expressed by the formula (a) and
the formula (b), and having a ratio of mass of monomer
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(a)/monomer (b) of 20/80 to 60/40. Hundred parts by weight
of a particularly preferable surfactant is preferably composed
0f 20 to 60 parts by weight of the monomer (a), 80 to 40 parts
by weight of the monomer (b), and residual parts by weight of
other arbitrary monomers, and more preferably 25 to 60 parts
by weight of the monomer (a), 60 to 40 parts by weight of the
monomer (b), and residual parts by weight of other arbitrary
monomer.

[0208] Copolymerizable monomers other than the mono-
mers (a) and (b) include styrene and derivatives or substituted
compounds thereof including styrene. vinyltoluene, c.-meth-
ylstyrene, 2-methylstyrene, chlorostyrene, vinylbenzoic
acid, sodium vinyl benzene sulfonate, and aminostyrene;
dienes such as butadiene and isoprene; and vinyl-base mono-
mers such as acrylonitrile, vinylethers, methacrylic acid,
acrylic acid, itaconic acid, crotonic acid, maleic acid, par-
tially esterified maleic acid, styrene sulfonic acid, maleic
anhydride, cinnamic acid, vinyl chloride and vinyl acetate.

[0209] A particularly preferable surfactant is a copolymer
of the monomer (a), monomer (b) and so forth, allowing
monomer sequence of random or ordered, such as forming a
block or graft, while being not specifically limited. A particu-
larly preferable surfactant can use two or more monomers
differing in the molecular structure and/or monomer compo-
sition in a mixed manner.

[0210] Content of the surfactant is preferably adjusted to
0.01 to 10% by weight to the total amount of solid compo-
nents of the photosensitive polymer layer, and more prefer-
ably to 0.1 to 7% by weight. The surfactant is such as con-
taining predetermined amounts of a surfactant of a specific
structure, ethylene oxide group and polypropylene oxide
group, wherein addition thereof to an amount within a spe-
cific range to the photosensitive polymer layer makes it pos-
sible to improve non-uniformity in the display on the liquid
crystal display device provided with the photosensitive poly-
mer layer. A content of less than 0.01% by weight to the total
amount of solid components fails in improving the non-uni-
formity in the display, and a content exceeding 10% by weight
only results in an almost saturated effect of improving the
non-uniformity in the display. Production of the color filter
while adding the particularly preferable surfactant described
in the above to the photosensitive polymer layer is preferable
in terms of improving the non-uniformity in the display.

[0211] Specific examples of preferred fluorine-containing
surfactant include the compounds described in paragraphs
[0054] to [0063] of JPA No. 2004-163610. It is also allowable
to directly adopt the commercial surfactants listed below.
Applicable commercial surfactants include fluorine-contain-
ing surfactants such as Eftop EF301, EF303 (products of
Shin-Akita Kasei K.K.), Florade FC430, 431 (products of
Sumitomo 3M Co., Ltd.), Megafac F171, F173, F176, F189,
RO8 (products of Dainippon Ink and Chemicals, Inc.), Surflon
S-382, SC101, 102, 103, 104, 105, 106 (products of Asahi
Glass Co., Ltd.), and silicon-base surfactants. Also polysilox-
ane polymer KP-341 (product of Shin-Etsu Chemical Co.,
Ltd.) and Troysol S-366 (product of Troy Chemical Indus-
tries, Inc.) are adoptable as the silicon-base surfactants.

[0212] The composition may comprise at least one solvent,
and examples of the solvent include water, alcohols and
ketones, which are described in “New Edition Solvent Pock-
etbook” (edited by Society of Synthetic Organic Chemistry,
Japan and published by Ohmsha, [td.). The amount of the
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solvent is preferably equal to or less than 50% and more
preferably equal to or less than 30% with respect to the total
weight of the composition.

[Barrier Wall]

[0213] In the invention, the substrate has the barrier wall
separating respective fine areas (e.g., respective pixel
regions)

[0214] The barrier wall having light-shielding properties
can be used as a black matrix (hereinafter, a barrier wall that
also functions as a black matrix is referred to as a “light-
shielding barrier wall”), which is preferred because the con-
struction, producing method etc. can be simplified. The light-
shielding barrier wall may be produced, for example, by using
a colorant-containing photosensitive composition with deep
color (hereinafter, occasionally referred to as a “deep color
composition”). Here, the deep color composition means a
composition having a high optical density, the value of which
is from 2.0to 10.0. The deep color composition has an optical
density of preferably from 2.5 to 6.0, particularly preferably
from 3.0 to 5.0. Further, since the deep color composition is
preferably cured by a photoinitiation system as described
later, an optical density for an exposing wavelength (gener-
ally in an ultraviolet region) is also important. That is, the
value is from 2.0 to 10.0, preferably from 2.5 to 6.0, most
preferably from 3.0 to 5.0. The value less than 2.0 may result
in an unintended figure of the barrier wall and, on the other
hand, the value more than 10.0 does not allow the polymer-
ization to begin and it is difficult to form the barrier wallitself.
When a colorant only has such properties, the colorant (deep
color body) in a composition may be an organic material
(coloring agent such as dye or pigment), each of carbons in
respective configurations, or one composed of a combination
thereof.

(Colorant)

[0215] The colorant for use in the aforementioned deep
color composition will be described specifically.

[0216] For the deep color composition, organic pigment,
inorganic pigment, dye etc. can be preferably used, which
include light-shielding agents such as carbon black, metal
oxide powder such as titanium oxide and iron tetraoxide,
metal sulfide powder and metal powder, and in addition,
mixtures of pigments of red, blue, green etc. Publicly known
colorants (dye, pigment) can be used. When a pigment is used
among the publicly known colorants, it is preferably dis-
persed uniformly in the deep color composition.

[0217] The ratio of the colorant in the solid content of the
deep color composition is preferably 30-70% by mass, more
preferably 40-60% by mass, further preferably 50-55% by
mass, from the viewpoint of shortening the developing time.
[0218] Specific examples of the preferably usable publicly
known dye or pigment include color materials described in
JPA No. 2005-17716, paragraphs [0038]-[0040], pigments
described in JPA No. 2005-361447, paragraphs [0068]-
[0072], and colorants described in JPA No. 2005-17521,
paragraphs [0080]-[0088].

[0219] Intheinvention, a black colorant is preferred among
these colorants. Further examples of the black colorant
include carbon black, titanium carbon, iron oxide, titanium
oxide, graphite etc., among which carbon black is preferred.
[0220] The pigment is desirably used as a dispersion liquid.
The dispersion liquid can be prepared by adding a composi-
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tion obtained by mixing previously the pigment and a pig-
ment dispersing agent in an after-mentioned organic solvent
(or vehicle) to disperse the same. The vehicle means a part of
medium that disperses the pigment when a paint is in a liquid
form, and includes a part (binder) that is in a liquid form and
solidifies the coated film while binding with the pigment, and
a component (organic solvent) that solves and dilutes the
same. There is no particular limitation on dispersing machine
used upon dispersing the pigment, and, for example, such
publicly known dispersing machines are included as a
kneader, roll mill, attritor, super mill, dissolver, homomixer
and sand mill, as described in Asakura Kunizo “Pigment no
Jiten (Cyclopedia of Pigment),” p 438, 1st edition, Asakura
Publishing Co., Ltd., 2000. Further, by mechanical attrition as
described in the document p 310, it may be ground finely
utilizing frictional force.

[0221] Thecolorant (pigment) for use in the invention has a
number average particle diameter of preferably from 0.001 to
0.1 pum, further preferably from 0.01 to 0.08 pm, from the
viewpoint of dispersion stability. The “particle diameter”
used here means a diameter that is given when assuming an
image of a particle of an electron microscope photograph as a
circle having the same area, and the “number average particle
diameter” means an average value given by obtaining the
aforementioned particle diameter for many particles and
averaging the values for 100 particles.

[0222] Thedeep color composition contains at least a poly-
merizable compound and a photopolymerization initiator in
addition to such colorant (deep color body). Further, it can be
incorporated, according to need, with a publicly known addi-
tive such as a plasticizer, filler, stabilizing agent, polymeriza-
tion inhibitor, surfactant, solvent, or adhesion-accelerating
agent. Furthermore, the deep color composition is preferably
softened or becomes adhesive at a temperature of at least 150°
C. or less, and is preferably thermoplastic. From such view-
point, it can be modified by adding a compatible plasticizer.
[0223] As a method for curing the deep color composition,
a photoinitiation system is used. A photopolymerization ini-
tiator used here is a compound capable of generating anactive
species to initiate polymerization of an after-mentioned poly-
functional monomer caused by irradiation (also referred to as
exposure) of such radiation ray as visible light, ultraviolet ray,
far-ultraviolet ray, electron beam or X -ray, and can be suitably
selected from publicly known photopolymerization initiators
or photopolymerization initiation systems.

[0224] For example, there can be mentioned trihalomethyl
group-containing compounds, acridine-based compounds,
acetophenone-based compounds, biimidazole-based com-
pounds, triazine-based compounds, benzoin-based com-
pounds, benzophenone-based compounds, a-diketone-based
compounds, polynuclear quinone-based compounds, xan-
thone-based compounds and diazo-based compounds, etc.
[0225] Specifically, there can be mentioned the trihalom-
ethyl group-substituted compounds such as trihalomethyl
oxazole derivatives or s-triazine derivatives described in JPA
No. 2001-117230, the trihalomethyl s-triazine compound
described in U.S. Pat. No. 4,239,850 and the trihalomethyl
oxadiazole compounds described in U.S. Pat. No. 4,212,976;
[0226] acridine-based compounds such as 9-phenylacri-
dine, 9-pyridylacridine, 9-pyrazinylacridine and bis(9-acridi-
nyl)alkanes such as 1,2-bis(9-acridinyl)ethane, 1,3-bis(9-

acridinyl)propane, 1,4-bis(9-acridinyl)butane, 1,5-bis(9-
acridinyl)pentane, 1,6-bis(9-acridinyl)hexane, 1,7-bis(9-
acridinyl)heptane, 1,8-bis(9-acridinyl)octane, 1,9-bis(9-
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acridinyl)nonane, 1,10-bis(9-acridinyl)decane, 1,11-bis(9-
acridinyl)undecane, and 1,12-bis(9-acridinyl)dodecane;
[0227] triazine-based compounds such as 6-(p-methox-
yphenyl)-2,4-bis(trichloromethyl)-s-triazine and 6-[p-(N,N-
bis(ethoxycarbonylmethyl)amino)phenyl]-2,4-bis(trichlo-
romethyl)-s-triazine; and

[0228] other compounds such as 9,10-dimethylbenzphena-
zine, Michler’s ketone, benzophenone/Michler’s ketone,
hexaarylbiimidazole/mercaptobenzimidazole, benzyldim-
ethylketal, thioxanthone/amine and 2,2'-bis(2,4-dichlorophe-
nyl)-4,4',5,5"-tetraphenyl-1,2'-biimi dazole.

[0229] Among theaforementioned compounds, at least one
type selected from trihalomethyl group-containing com-
pounds, acridine-based compounds, acetophenone-based
compounds, biimidazole-based compounds, triazine-based
compounds is preferred, and in particular, it is preferred to
contain at least one type selected from trihalomethyl group-
containing compounds and acridine-based compounds. Tri-
halomethy! group-containing compounds and acridine-based
compounds are useful in point of versatility and low cost.
[0230] Particularly preferable examples include 2-trichlo-
romethyl-5-(p-styrylstyryl)-1,3,4-oxadiazole as the triha-
lomethy! group-containing compound, 9-phenylacridine as
the acridine-based compound, and further, trihalomethyl
group-containing compounds such as 6-[p-(N,N-bis(ethoxy-
carbonylmethyl)amino)phenyl]-2,4-bis(tric hloromethyl)-s-
triazine, 2-(p-butoxystyryl)-5-trichloromethyl-1,3,4-oxadia-
zole, Michler’s ketone, and 2,2'-bis(2,4-dichlorophenyl)-4,4',
5,5"-tetraphenyl-1,2")-biim idazole.

[0231] The photopolymerization initiator may be used
independently, or in combination of two or more types
thereof. The total amount of the photopolymerization initiator
in the deep color composition is preferably 0.1-20% by mass,
particularly preferably 0.5-10% by mass of the total solid
content (mass) of the deep color composition. The total
amount of less than 0.1% by mass sometimes results in a low
photo curing efficiency of the composition to require a long
exposure time, and the amount of more than 20% by mass
sometimes leads to lack of a formed image pattern or easy
occurrence of roughness on the pattern surface upon devel-
opment.

[0232] The photopolymerization initiator may be consti-
tuted while using a hydrogen donor together. As the hydrogen
donor, mercaptan-based compounds, amine-based com-
pounds etc. defined below are preferred in point of capability
of more improving the sensitivity. The “hydrogen donor” here
means a compound that can donate a hydrogen atom to a
radical that has generated from the photopolymerization ini-
tiator by exposure.

[0233] The mercaptan-based compound is a compound
having a benzene ring or a heterocyclic ring as a mother
nucleus and one or more, preferably 1-3, further preferably
1-2 mercapto groups that are bound directly to the mother
nucleus (hereinafter, referred to as the “mercaptan-based
hydrogen donor”). The amine-based compound is a com-
pound having a benzene ring or a heterocyclic ring as a
mother nucleus and one or more, preferably 1-3, further pref-
erably 1-2 amino groups that are bound directly to the mother
nucleus (hereinafter, referred to as the “amine-based hydro-
gen donor”). These hydrogen donors may have a mercapto
group and an amino group at the same time.

[0234] Specific examples of the mercaptan-based hydrogen
donor include 2-mercaptobenzothiazole, 2-mercaptobenzox-
azole, 2-mercaptobenzimidazole, 2,5-dimercapto-1,3,4-thia-
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diazole and 2-mercapto-2,5-dimethylaminopyridine. Among
these, 2-mercaptobenzothiazole and 2-mercaptobenzoxazole
are preferred, and, in particular, 2-mercaptobenzothiazole is
preferred. Specific examples of the amine-based hydrogen
donor include 4,4'-bis(dimethylamino)benzophenone, 4,4'-
bis(diethylamino)benzophenone, 4-diethylaminoacetophe-
none, 4-dimethylaminopropiophenone, ethyl-4-dimethy-
laminobenzoate,  4-dimethylaminobenzoic  acid, and
4-dimethylaminobenzonitrile. Among these, 4,4'-bis(dim-
ethvlamino)benzophenone and 4,4'-bis(diethylamino)ben-
zophenone are preferred, and, in particular, 4,4'-bis(diethy-
lamino)benzophenone is preferred.

[0235] Thehydrogendonor can be used independently orin
combination of two or more types thereof, and in point of the
fact that the formed images do not easily drop from a perma-
nent support upon development and the strength and sensi-
tivity are improved, the combined use of one or more types of
mercaptan-based hydrogen donors and one or more types of
amine-based hydrogen donors is preferred.

[0236] Specific examples of the combination of the mer-
captan-based hydrogen donor and the amine-based hydrogen
donor include 2-mercaptobenzothiazole/4,4'-bis(dimethy-
lamino)benzophenone,  2-mercaptobenzothiazole/4,4'-bis
(diethylamino)benzophenone, 2-mercaptobenzoxazole/4,4'-
bis(dimethylamino)benzophenone and
2-mercaptobenzoxazole/4,4'-bis(diethylamino)benzophe-
none. More preferable combination is 2-mercaptobenzothia-
zole/4,4'-bis(diethylamino)benzophenone and 2-mercapto-
benzoxazole/4,4'-bis(diethylamino )benzophenone, and
particularly preferable combination is 2-mercaptobenzothia-
zole/4,4'-bis(diethylamino)benzophenone.

[0237] When the mercaptan-based hydrogen donor and the
amine-based hydrogen donor are combined, the mass ratio
(M:A) of the mercaptan-based hydrogen donor (M) and the
amine-based hydrogen donor (A) is, usually, preferably 1:1-
1:4, more preferably 1:1-1:3. The total amount of the hydro-
gen donor in the deep color composition is preferably 0.1-
20% by mass, particularly preferably 0.5-10% by mass of the
total solid content (mass) of the deep color composition.

[0238] As the polyfunctional monomer (polymerizable
compound) in the deep color composition, following com-
pounds can be used independently or in combination with
other monomer. Specific examples thereof include t-butyl
(meth)acrylate, ethylene glycol di(meth)acrylate, 2-hydrox-
ypropyl(meth)acrylate, triethylene glycol di(meth)acrylate,
trimethylolpropane tri(meth)acrylate, 2-ethyl-2-butyl-pro-
panediol di(meth)acrylate, pentaerythritol tri(meth)acrylate,
pentaerythritol tetra(meth)acrylate, dipentaerythritol hexa
(meth)acrylate, dipentaerythritol penta(meth)acrylate, poly-
oxyethylated trimethylolpropane tri(meth)acrylate, tris(2-
(meth)acryloyloxyethyl)isocyanurate, 1.,4-
diisopropenylbenzene, 1,4-dihydroxybenzene di(meth)
acrylate, decamethyleneglycoldi(meth)acrylate, styrene,
diallylfumarate, triallyl trimellitate, lauryl(meth)acrylate,
(meth)acrylamide and xylylene bis(meth)acrylamide.

[0239] Inaddition, reaction products of acompound having
a hydroxyl group such as 2-hydroxyethyl(meth)acrylate,
2-hydroxypropyl(meth)acrylate or polyethylene glycol mono
(meth)acrylate and a diisocyanate such as hexamethylene
diisocyanate, toluene diisocyanate or xylene diisocyanate can
be used.
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[0240] Among these, particularly preferred are pentaeryth-
ritol tetraacrylate, dipentaerythritol hexaacrylate, dipen-
taerythritol pentaacrylate and tris(2-acrvloyloxyethyl)iso-
cyanurate.

[0241] The content of the polyfunctional monomer in the
deep color composition is preferably 5-80% by mass, particu-
larly preferably 10-70% by mass of the total solid content
(mass) of the deep color composition. The content of less than
5% by mass sometimes results in a poor resistance of the
composition to an alkaline developer at exposed areas, and
the content of more than 80% by mass sometimes results in an
increased tackiness and poor handleability of a formed deep
color composition.

[0242] Thedeep color composition may contain at least one
type of binder. As the binder, a polymer having a polar group
such as a carboxylic acid group or a carboxylate group in a
side chain is preferred. Examples of the polymer include
methacrylic acid copolymer, acrylic acid copolymer, itaconic
acid copolymer, crotonic acid copolymer, maleic acid
copolymer and partially esterified maleic acid copolymer
described in JPA No. S59-44615, JPB Nos. S54-34327, S58-
12577, S54-25957, JPA No. S59-53836, or JPA No. S59-
71048.

[0243] In addition, cellulose derivatives having a carboxy-
lic acid group in a side chain can also be mentioned. Further,
a compound formed by adding a cyclic acid anhydride to a
polymer having a hydroxyl group can also be used preferably.
[0244] Particularly preferable examples include copolymer
of benzyl(meth)acrylate and (meth) acrylic acid, and multi-
component copolymer of benzyl(meth)acrylate, (meth)
acrylic acid and other monomers described in U.S. Pat. No.
4,139.391. These binders having the polar group may be used
independently, or in a state of a composition in which an
ordinary film-formable polymer is used together.

[0245] The content of the binder in the deep color compo-
sition is preferably 20-50% by mass, more preferably 24-45%
by mass relative to the total solid content (mass) in the layer
or composition.

[0246] Thedeep color composition may contain an organic
solvent in addition to the aforementioned components.
Examples of the organic solvent include methyl ethyl ketone,
propylene glycol monomethyl ether, propylene glycol
monomethyl ether acetate, cyclohexanone, cyclohexanol,
methyl isobutyl ketone, ethyl lactate, methyl lactate and
caprolactam.

[0247] The deep color composition can be further incorpo-
rated with undermentioned components, for example, a sur-
factant and ultraviolet absorber, and publicly known additives
such as a plasticizer, filler, stabilizing agent, thermal poly-
merization inhibitor, solvent and adhesion accelerating agent.
Further, the photosensitive resin composition is preferably
softened or becomes adhesive at a temperature of at least 150°
C. or less, and is preferably thermoplastic. From such view-
point, the composition can be modified by adding a compat-
ible plasticizer.

<Surfactant>

[0248] Inthe case of coating the deep color composition on
a substrate, by incorporating a surfactant in the deep color
composition, it is possible to control the film thickness to be
uniform, and prevent effectively coating unevenness. As the
surfactant, those described in JPA No. 2003-337424 or JPA
No. H11-133600 are mentioned suitably. The content of the
surfactant in the deep color composition is generally 0.001-
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1%, preferably 0.01-0.5%, particularly preferably 0.03-0.3%
relative to the total solid content (mass) of the composition.

<Ultraviolet Absorber>

[0249] The deep color composition can be incorporated,
according to need, with an ultraviolet absorber.

[0250] As the ultraviolet absorber, compounds described in
JPA No. H5-72724, and salicylate-based, benzophenone-
based, benzotriazole-based, cyanoacrylate-based, nickel che-
late-based and hindered amine-based compounds etc can be
mentioned.

[0251] For example, there can be mentioned phenylsalicy-
late, 4-t-butylphenylsalicylate, 2,4-di-t-butylphenyl-3',5"-di-
t-4'-hydroxybenzoate, 4-t-butylphenylsalicylate, 2,4-dihy-
droxybenzophenone, 2-hydroxy-4-methoxybenzophenone,
2-hydroxy-4-n-octoxybenzophenone, 2-(2'-hydroxy-5'-me-
thylphenyl)benzotriazole, 2-(2'-hydroxy-3'-t-butyl-5'-meth-
vlphenyl)-5-chlorobenzotriazo  le, ethyl-2-cyano-3,3-di-
phenyl acrylate, 2,2'-hydroxy-4-methoxybenzophenone,
nickel dibutyldithiocarbamate, bis(2,2,6,6-tetramethyl-4-py-
ridine)-sebacate, 4-t-butylphenylsalicylate, phenyl salicylate,
4-hydroxy-2,2,6,6-tetramethylpiperidine condensate, suc-
cinic acid-bis(2,2,6,6-tetramethyl-4-piperidenyl)-ester, 2-[2-
hydroxy-3,5-bis(a,a-dimethylbenzyl)phenyl]-2H-benzot-
riaz  ole, 7-{[4-chloro-6-(diethylamino)-5-triazine-2-yI]
amino }-3-phenyl coumalin.

[0252] When an ultraviolet absorber is used, the content of
the ultraviolet absorberrelative to the total solid content of the
deep color composition is generally 0.5-15%, preferably
1-12%, particularly preferably 1.2-10%.

<Thermal Polymerization Inhibitor>

[0253] The deep color composition is preferably incorpo-
rated with a thermal polymerization inhibitor. Examples of
the thermal polymerization inhibitor include hydroquinone,
hydroquinone monomethylether, p-methoxyphenol, di-t-bu-
tyl-p-cresol, pyrogallol, t-butylcatechol, benzoquinone, 4,4'-
thiobis(3-methyl-6-t-butylphenol), 2,2'-methylenebis(4-me-
thyl-6-t-butylphenol),  2-mercaptobenzimidazole  and
phenothiazine.

[0254] When a thermal polymerization inhibitor is used,
the content thereof relative to the total solid content of the
deep color composition is generally 0.01-1%, preferably
0.02-0.7%, particularly preferably 0.05-0.5%.

[0255] The deep color composition may also be incorpo-
rated with an “adhesive auxiliary” described in JPA No. H11-
133600, other additive etc. in addition to the aforementioned
components.

[0256] The aforementioned light-shielding barrier wall is
preferably formed from the deep color composition. The
light-shielding barrier wall is a wall that separates two or
more pixel groups, and, in general, it is often black but is not
limited to black. The light-shielding barrier wall is preferably
formed by exposing the deep color photopolymerizable com-
position under a pobr-oxygen atmosphere, and then develop-
ing the same.

[0257] Such “under a poor-oxygen atmosphere” upon pho-
tocuring the deep color composition indicates an atmosphere
under an inert gas, under a reduced pressure or under a pro-
tective layer capable of blocking oxygen, which are as fol-
lows for details.
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[0258] The inert gas means general gases such as N,, H,
and CO,, and rare gases such as He, Ne and Ar. Among these,
N, is suitably utilized from the viewpoint of safety, easy
availability and cost.

[0259] “Under a reduced pressure” indicates a state at 500
hPa or less, preferably 100 hPa or less.

[0260] Examples of the protective layer capable of block-
ing oxygen include polyvinyl ether/maleic anhydride poly-
mer, water-soluble salts of carboxyalkyl cellulose, water-
soluble cellulose ethers, water-soluble salts of carboxyalkyl
starch, polyvinyl alcohol, polyvinylpyrrolidone, various
types of polyacrylamides, various types of water-soluble
polyamides, water-soluble salts of polyacrylic acid, gelatin,
ethyleneoxide polymer, water-soluble salts of a group con-
sisting of various types of starches and analogs thereof,
copolymer of styrene/maleic acid, maleinate resin, and com-
binations of two or more types thereof, as described in JPA
No. S46-2121 or JPB No. $56-40824. Among these, particu-
larly preferred are a combination of polyvinyl alcohol and
polyvinylpyrrolidone. A polyvinyl alcohol having a saponi-
fication ratio of 80% or more is preferred. The content of
polyvinylpyrrolidone is preferably 1-75% by mass, more
preferably 1-50% by mass, further preferably 10-40% by
mass of the solid content of alkali-soluble resin layer.
[0261] Theoxygen permeation coefficient of the protective
layer capable of blocking oxygen thus prepared is preferably
75 em?®/m*-day-100 hPa or less, more preferably 50 em/m?
day-1000 hPa or less, most preferably 25 cm®/m?* day+100 hPa
or less. When the oxygen permeation coeflicient is more than
75 em®/m*day-1000 hPa, since oxygen can not be blocked
efficiently, it becomes difficult to form the light-shielding
barrier wall in an intended figure.

[0262] The height of the light-shielding barrier wall is,
from the viewpoint of preventing color mixture, preferably
1-20 wm, more preferably 1.5-10 um, further preferably 2-5

pm.
(Photosensitive Transfer Material for Forming Barrier Wall)

[0263] Forrealizing such light-shielding barrier wall easily
and at low cost, there is such technique as using a photosen-
sitive transfer material having at least a layer composed of a
photosensitive deep color composition and an oxygen-block-
ing layer in this order on a temporary support. When such
material is used, since the layer composed of the photosensi-
tivedeep color composition is protected by the oxygen-block-
ing layer, it lies automatically in a poor-oxygen atmosphere.
Therefore, there is such advantage that the exposure process
is not required to be carried out under an inert gas or reduced
pressure, thereby making it possible to utilize the current
process without change.

[0264] The photosensitive transfer material may have a
thermoplastic resin layer according to need. Such thermo-
plastic resin layer is alkali-soluble, and constituted while
including at least a resin component. The resin component
preferably has a substantial softening point of 80° C. or less.
The thermoplastic resin layer thus provided can serve to exert
agood adhesiveness with a permanent support in a method for
forming a light-shielding barrier wall described later.

[0265] Examples of the alkali-soluble thermoplastic resin
having a softening point of 80° C. or less include a saponified
product of ethylene/acrylic acid ester copolymer, a saponified
product of styrene/(meth) acrylic acid ester copolymer, a
saponified product of vinyl toluene/(meth)acrylic acid ester
copolymer, and a saponified products of (meth)acrylic acid
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ester copolymer such as poly(meth)acrylic acid ester and
butyl(meth)acrylate/vinyl acetate.

[0266] In the thermoplastic resin layer, suitably selected at
least one type of the thermoplastic resin can be used. In
addition, among organic polymers having a softening point of
about 80° C. or less described in “Plastic Seino Binran (Hand-
book of Plastic Performance)” (edited by THE JAPAN
PLASTICS INDUSTRY FEDERATION, ALL JAPAN
PLASTIC MOLDING INDUSTRY FEDERATION, pub-
lished by Kogyo Chosakai Publishing, Inc., Oct. 25, 1968),
those soluble in an aqueous alkaline solution can be used.

[0267] Further, organic polymers having a softening point
of more than 80° C. can also be used while lowering the
substantial softening point to 80° C. or less by adding a
plasticizer of various types to the organic polymer material,
the plasticizer having compatibility with the polymer mate-
rial. It is also possible to add a polymer of various types,
supercooling material, adhesion-improving agent, surfactant,
release agent or the like to these organic polymer materials for
the purpose of controlling the adhesive force with the tempo-
rary support in such range that does not lead to a substantial
softening point of more than 80° C.

[0268] Specific examples of the preferable plasticizer
include polypropylene glycol, polyethylene glycol, dioctyl
phthalate, diheptyl phthalate, dibutyl phthalate, tricresyl
phosphate, cresyl diphenyl phosphate, and biphenyl diphenyl
phosphate.

[0269] The temporary support for the photosensitive trans-
fer material can be selected suitably from those that are
chemically and thermally stable and composed of a flexible
material. Specifically, a thin sheet of Teflon (registered trade
mark), polyethylene terephthalate, polycarbonate, polyethyl-
ene, polypropylene or the like, or a laminate thereof is pre-
ferred. The thickness of the temporary support is suitably
5-300 pm, preferably 20-150 um.

(Formation of Light-shielding Barrier Wall Utilizing Transfer
Material)

[0270] Hereinafter, the instance of forming the light-shield-
ing barrier wall while using a photosensitive transfer material
will be described. A photosensitive transfer material, which is
composed of a temporary support having a photosensitive
deep color composition layer, an oxygen-blocking layer and
a cover sheet on the oxygen-blocking layer provided on the
support, is prepared. Firstly, the cover sheet is peeled off, then
the exposed surface of the oxygen-blocking layer is stuck on
a permanent support (substrate), which is passed through a
laminator or the like to be heated, pressed and laminated
(laminated body). As the laminator, one suitably selected
from conventionally publicly known laminators, vacuum
laminators etc. can be used. In order to enhance productivity
further, an auto cut laminator can also be used.

[0271] Next, the photosensitive resin layer is separated
from the temporary support to remove the temporary support.
Then, above the surface from which the temporary support
has been removed, an intended photomask is arranged, ultra-
violet rays are irradiated from a light source, and, after the
irradiation, it is subjected to a development treatment using a
predetermined treatment liquid. As a developing liquid for
use in the developing, a diluted aqueous solution of an alka-
line material is used, and a developing liquid to which a small
amount of water-miscible organic solvent is added may also
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be used. The light source for use in light irradiation includes
a medium pressure-ultrahigh pressure mercury lamp, xenon
lamp, metal halide lamp etc.

[0272] Examples of the suitable alkaline material include
alkali metal hydroxides (e.g., sodium hydroxide, potassium
hydroxide), alkali metal carbonates (e.g., sodium carbonate,
potassium carbonate), alkali metal bicarbonates (e.g., sodium
hydrogen carbonate, potassium hydrogen carbonate), alkali
metal silicates (e.g., sodium silicate, potassium silicate),
alkali metal metasilicates (e.g., sodium metasilicate, potas-
sium metasilicate), triethanolamine, diethanolamine, mono-
ethanolamine, morpholine, tetraalkylammoniumhydroxides
(e.g., tetramethylammoniumhydroxide) and trisodium phos-
phate. The concentration of the alkaline material is preferably
0.01-30% by mass. pH is preferably 8-14.

[0273] Suitable examples of the “water-miscible organic
solvent” include methanol, ethanol, 2-propanol, 1-propanol,
butanol, diacetone alcohol, ethylene glycol monomethyl
ether, ethylene glycol monoethyl ether, ethylene glycol
mono-n-butyl ether, benzyl alcohol, acetone, methyl ethyl
ketone, cyclohexanone, e-caprolactone, fy-butyrolactone,
dimethylformamide, dimethylacetamide, hexamethylphos-
phoramide, ethyl lactate, methyl lactate, s-caprolactam, and
N-methylpyrrolidone. The concentration of the water-mis-
cible organic solvent is preferably 0.1-30% by mass. Further,
a publicly known surfactant can also be added, whose con-
centration is preferably 0.01-10% by mass.

[0274] The developing liquid can be used as either a bath
liquid or a spray liquid. When uncured portions of the pho-
tosensitive resin layer are to be removed, such method can be
combined as scrubbing with a rotating brush or a wet sponge
in the developing liquid. Usually. a preferable temperature of
the developing liquid is from around room temperature to 40°
C. The developing time depends on such conditions as the
composition of the photosensitive resin layer, the alkalinity
and temperature of the developing liquid, and, when an
organic solvent is added, the type and concentration thereof,
and it is usually around from 10 seconds to 2 minutes. A too
short developing time may result in insufficient development
of unexposed areas and, at the same time, insufficient absor-
bance of ultraviolet rays, and a too long developing time may
result in etching of exposed areas. In both cases, it becomes
difficult to make the shape of the light-shielding barrier wall
suitable. It is also possible to carry out a washing step after the
developing step. In the developing step, the shape of light-
shielding barrier wall is formed as described above.

[0275] Then, to the voids of the light-shielding barrier wall
that have been formed in the developing step, inks for a color
filter for forming respective pixels of RGB etc. or a fluid for
forming an optically anisotropic layer is penetrated. Before
forming respective pixels, on this occasion, the shape of the
light—shielding barrier wall may be stabilized. The means
for stabilization is not particularly limited, and following
ones can be mentioned. That is, 1) after the development, it is
subjected to re-exposure (occasionally referred to as post-
exposure), 2) after the development, it is subjected to heat
treatment at a relatively low temperature, etc. The heat treat-
ment mentioned here indicates heating a substrate having the
light-shielding barrier wall in an electric furnace, dryer or the
like, or irradiating the same with an infrared lamp.

[0276] The exposure amount during the above 1) step pref-
erably ranges from 500 to 3000 mJ/cm?, more preferably
from 1000 to 2000 mJ/cm® under room air. In the case of a
poor-oxygen atmosphere, an exposure with a lower exposure
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amount may be possible. The heating temperature during the
above 2) step preferably ranges from around 50 to 120° C,,
and more preferably from around 70 to 100° C.; and the
heating time preferably ranges from around 10 to 40 minutes.
When the temperature is lower than 50° C., there is such fear
that the curing of the light-shielding barrier wall may not
proceed, and, when the temperature is higher than 120° C.,
there is such fear that the shape of the light-shielding barrier
wall may break down.

[Second Optically Anisotropic Layer]

[0277] The liquid crystal display device may further com-
prise an unpatterned (solid) second optically anisotropic layer
disposed inside or outside the liquid crystal cell. Various
wavelength plates and various materials capable of reducing
the coloration due to birefringence of a liquid crystal cell or
capable of viewing-angle optical compensation may be used
as the second optically anisotropic layer. Any laminations
comprising tow or more optically anisotropic layers, having
desired retardation as a whole, may be used as the second
optically anisotropic layer. Examples of the optically aniso-
tropic films to be used as the second optically anisotropic
layer include birefringent films which are prepared by
stretching polymer films such as polycarbonate films, nor-
bornene base films, polyvinyl alcohol films, polystyrene
films, polymethylmethacrylate films, olefin (e.g., polypropy-
lene) films, polyarate films and polyamide films; oriented
films formed ofliquid crystal compounds such as liquid crys-
tal polymers; and oriented liquid crystal layers supported by
a substrate. Examples also include birefringent films sub-
jected to biaxial stretching treatment or stretching treatment
in the two directions being perpendicular to each other; and
two-directions stretched films such as tilt-oriented films. A
tilt-oriented filmmaybeprepared by subjecting a polymer film
to a stretching treatment and/or shrinkage treatment under a
shrinkage force given by a heat shrinkage film adhering to the
polymer film, or by stabilizing liquid crystal polymer in a
tilt-aligning state.

[0278] Preferred examples of the second optically anisotro-
pic layer include a transparent optically anisotropic film and
a cellulose acylate film described hereinafter, which can
exhibit excellent optical properties in combination with the
first optically anisotropic layer described above.

Transparent Optical Anisotropic Film

[0279] Thesecond optically anisotropic layers is preferably
formed of one selected from transparent films having an
in-plane retardation (Re) ranging from 20 to 250 nm and a
thickness-direction retardation (Rth) ranging from 10 to 350
nm; and more preferably formed of one selected from trans-
parent cellulose acylate or cyclo-olefin films having such
properties.

[0280] In terms of effectively reducing light leakage from
off-axial polarizing plates, the Re is preferably from 20 to 250
nm, and more preferably from 20 to 200 nm. In terms of
effectively reducing light leakage in oblique directions, the
Rth is preferably from 10 to 300 nm, and more preferably
from 20 to 250 nm. Having the Re and Rth value falling within
these ranges respectively, any optical monoaxial and biaxial
transparent optically anisotropic films are preferably used as
the second optically anisotropic layer.

[0281] The second optically anisotropic layer functioning
as a positive A-plate is suitable for an IPS liquid crystal
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display devices, and may contribute to improving the contrast
of the device. The preferable positive A-plate has an Re(550
nm) ranging from 40 to 250 nm, more preferably from 70 to
230 nm, and much more preferably from 100 to 180 nm. Its
wavelength-dependency preferably satisfies the condition
that Re(450 nm)/Re(550 nm) ranges from 0.6 to 1, more
preferably from 0.65 to 0.95 and much more preferably from
0.7 t0 0.9; and that Re(650 nm)/Re(550 nm) ranges from 1 to
1.3, more preferably from 1.01 to 1.25 and much more pref-
erably from 1.02 to 1.23.

Cellulose Acylate Film with Small Re and Rth

[0282] The cellulose acylate film having small optical
anisotropy (Re and Rth) is preferably used as the second
optically anisotropic layer. In particular, the preferable cellu-
lose acylate film has an in-plane retardation Re equal to or less
than 10 nm at 630 nm (0=Re(630)=10), and a thickness
retardation Rth ranging from -100 to 25 nm at 630 nm
(-100=Rth (630)=25). More preferable cellulose acylate
film has an Re(630) at 630 nm satisfying the condition of
0=Re(630)<5 and an Rth at 630 nm satisfying the condition
of -60=Rth(630)=20; and much more preferable cellulose
acylate film has an Re at 630 nm satisfying the condition of
0=Re(630)=2 and an Rth at 630 nm satisfying the condition
of -40=Rth(630)=15.

[0283] Further, the cellulose acylate film having small
wavelength-dependency is preferably used as the second
optically anisotropic layer. In particular, the preferable cellu-
lose acylate film has the wave-length dependency satisfying
both conditions of IRe(400)-Re(700)I=10 and [Rth(400)-
Rth(700)=35. More preferable cellulose acylate film has the
wavelength-dependency satisfying both conditions of IRe
(400)-Re(700)I=5 and IRth(400)-Rth(700)I1=25; and much
more preferable cellulose acylate film has the wavelength-
dependency satisfying both conditions of [Re(400)-Re(700)
|=3 and IRth(400)-Rth(700)I=15.

[0284] By combining the patterned first optically anisotro-
pic layer described above and the unpatterned second opti-
cally anisotropic layer having such optical properties, it is
possible to provide members capable of effectively widening
the viewing angle of the polarizing plates.

[0285] Thecellulose acylate film having a small Re may be
used as a protective film employed in the polarizing plate;
and, in such embodiments, it is possible to reduce the thick-
ness of the first optically anisotropic layer.

[0286] The cellulose acylate film maybe formed of cellu-
lose acylate having at least two selected from an acetyl, pro-
pionyl and butanoyl in the place of OH of cellulose; and,
among such embodiments, cellulose acylate films, having the
total substitution degree ranging from 2.50 to 3.00, exhibit
small optical anisotropy, and are preferable. The total substi-
tution is more preferably from 2.60 to 3.00, and much more
preferably from 2.65 to 3.00. Source cotton for cellulose
acylate and methods of synthesis preferably applicable to the
present invention can be found, for example, in Journal of
Technical Disclosure (No. 2001-1745, p. 7-12, issued on Mar.
15, 2001 by JIII).

[0287] Two or more types of cellulose acylates may be used
in combination for preparing the cellulose acylate film.
[0288] Thecellulose acylate film may be produced by using
cellulose acylate solution. Various additives such as agents
capable of decreasing optical anisotropy, agents capable of
controlling wavelength-dependency of optical properties
such as Re and Rth, UV absorbers, plasticizers, anti-degra-
dation agents, fine particles and agents capable of controlling
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optical properties may be added to the solution. The additives
may be added to the solution at any stages, and may be added
to the solution at the final stage of the process for preparing
the solution.

[0289] The Preferable cellulose acylate film comprises at
least one compound capable of lowering the thickness direc-
tion retardation Rth so as to satisfy the conditions (3) and (4)
shown below.

{Rthy~Rth()/ 4=-10 &)

0.01=A=30 (©)

[0290] Inthe (3)and (4)formulae, Rth, ,, represents a thick-
ness retardation Rth (nm) of a film containing a compound
capable of lowering the Rth in an amount A %; Rth g, repre-
sents a thickness retardation Rth (nm) of the film not contain-
ing a compound capable of lowering the Rth; and “A” repre-
sents the weight % of the compound with respect to the
weight of the polymer material of the film.

[0291] The more preferable cellulose acylate film satisfies
the conditions of (3-1) and (4-) shown below.

(Rth 4-Rthg))/A=S2.0 (3-D

0.1=A=20 4D

[0292] Examples of the compound capable of lowering the
Rth include those described in JPA No. 2006-30937.

[0293] A biaxial polymer film may be used as the second
optically anisotropic layer. In terms of reducing light leakage
in oblique directions, the Re(®) of the biaxial polymer film is
preferably from 20 to 150 nm, more preferably from 40to 115
nm, and much more preferably from 60 to 95 nm. In terms of
reducing light leakage in oblique directions, the Nz value,
defined as Nz=(nx-nz)/(nx-ny) based on in-plane refractive
indexes nx and ny (nx>ny) and a thickness direction refractive
index nz, of the polymer film is preferably from 1.5 to 7, and
more preferably from 2.0 to 5.5, and much more preferably
from 2.5 t0 4.5.

[0294] Materials and configurations of the second optically
anisotropic layer are not specifically limited, so far as they
have the above-described optical characteristics. Any of a
retardation film composed of a birefringent polymer film, a
retardation film formed by coating and successively heating a
polymer solution or a polymer-melt fluid, and a retardation
film conmprising a retardation layer formed by coating a com-
position containing a low-molecular-weight or high-molecu-
lar-weight liquid crystalline compound. These films may be
used in a stacked manner.

[0295] The birefringent polymer film is preferably those
excellent in controllability of birefringence, transparency,
and heat resistance. Polymer materials applicable herein are
not specifically limited so far as they can be a uniform biaxial
film. Among those, the polymer materials, which can be a film
by a solvent cast method or an extrusion method, are prefer-
able; and preferred examples of the polymer material include
norbornene-base polymer, polycarbonate-base polymer,
polyallylate-base polymer, polyester-base polymer, aromatic
polymers such as polysulfone-base polymer, cellulose acy-
late, and blended polymers containing two, three or more
species of these polymers. Among others, use of cellulose
acylate is preferable.

[0296] The biaxial orientation of a film may be obtained by
subjecting a stretching treatment such as longitudinal stretch-
ing treatments using rolls, biaxial stretching treatments and
transversal stretching treatments using tenters to a thermo-
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plastic polymer film, which is produced according to any
extrusion method or any solvent-casting method. The longi-
tudinal stretching treatment may be carried out under a heat-
ing condition such as a condition using heating rolls, a con-
dition under a heating atmosphere and a condition of
combination thereof. The biaxial stretching treatment using
tenters may be carried out according to a concurrent biaxial
stretching manner using tenters and a sequential biaxial
stretching manner using roll-tenters.

[0297] The preferable polymer film has fewer orientation
unevenness and less retardation unevenness. The thickness of
the film is not to be limited to any range, may be decided
depending on its retardation, and, in general, in terms of
thinning, is preferably from 1 to 300 um, more preferably
from 10 to 200 wm, and much more preferably from 20 to 150
pm.

[0298] Examples of the norbornenes include polymers of
major norbornene base monomers such as tetracy-
clododecenes, dicyclopentadienes and methanotetrahydrof-
luorenes; and, in particular, ring-opened polymers of such
norbornene base monomers, ring-opened copolymers of such
norbornene base monomers and other copolymerizable
monomers, addition polymers of norbornene base mono-
mers, addition copolymers of norbornene base monomers
and other copolymerizable monomers, and hydrogen addi-
tions thereof.

[0299] Among these, in terms of durability, mechanical
strength or the like, hydrogen additions of ring-opened poly-
mers of norbornene base monomers are preferable. The
molecular weight of the norbornene base polymer, monocy-
clic olefin polymer, or cyclic conjugation diene polymer may
be decided depending on the purpose, and, in general, is
preferably from 5,000 to 500,000, more preferably from
8,000 to 200,000, and much more preferably from 10,000 to
100,000 as a polyisoprene or polystyrene equivalent molecu-
lar weight with gel permeation chromatography (GPC) mea-
sured using the cyclohexane solution (or the toluene solution
when the polymer is not dissolved in cyclohexane), in terms
of good balance between mechanical strength and molding
property. Typical examples of the polymer include those
described in JPA Nos. 2003-327800 and 2004-233604.
[0300] The acyl group of cellulose acylate may be selected
from aliphatic or aromatic groups. Examples of it include
alkylcarbonyl! esters, alkenylcarbonyl esters, aromaticcarbo-
nyl esters and aromatic alkylcarbonyl esters. And the acyl
groups in the esters may have at least one substituent. The acyl
group is preferably selected from groups having the number
of carbon atoms equal to or less than 22. Preferably examples
of the acyl group include the alkylcarbonyl group, having the
number of carbon atoms equal to or less than 22, such as
propionyl, butyloyl, velel, heptanoyl, octanoyl, decanoyl,
dodecanoyl, tridecanoyl, hexadecanoyl and octadecanoyl;
aryl carbonyl groups such as benzoyl and naphthaloyl; allyl
carbonyl group such as acryl and methacryl; cinnamoyl
groups. Preferable examples of cellulose acylate include cel-
lulose acetate, cellulose acetate propionate, cellulose acetate
butyrate, cellulose acetate stearate, and cellulose acetate ben-
zoate. Regarding mixed esters, the ratio is not limited to any
range, and, in general, the ratio of acetate is preferably equal
to or more than 30 mole % with respect to the total esters.
[0301] Among those, cellulose acylates are preferred, and
photographic grade cellulose acylates are more preferred.
Commercially available cellulose acylates may be used.
Examples of the commercially available cellulose acylates of
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photographic grade include L'T-20, 30, 40, 50, 70, 35, 55, 105
or the like manufactured by Daicel Chemical Industries, Ltd;
CAB-551-0.01, CAB-551-0.02, CAB-500-5, CAB-381-0.5,
CAB-381-02, CAB-381-20, CAB-321-0.2, CAP-504-0.2,
CAP-482-20, CA-398-3 or the like manufactured by Eastman
Chemical; and products manufactured by Hoechst Ltd or the
like. The additives such as plasticizer, surfactant, retardation
controlling agent and UV absorber may be added to the cel-
lulose acylate film, in terms of controlling mechanical and
optical properties of the film. The details of such additives are
described as JPA Nos. 2002-277632 and 2002-182215.
[0302] The polymer may be molded in a sheet or film shape
according to any known method such as a heating melting
molding method or a solution casting method. The heating
melting molding methods may be divided into extrusion
methods, press molding methods, inflation molding methods,
injection molding methods, blow molding methods, stretch-
ing molding methods and the like. Among these, in terms of
mechanical strength and surface uniformity, extrusion, infla-
tion and press molding methods are preferred, and extrusion
molding methods are more preferred. The conditions of dur-
ing molding may be decided depending on the purpose or
molding method, and, in general, the heating melting molding
is preferably carried out at a cylinder temperature ranging
from 1000 400° C., and more preferably from 150 to 350° C.
The thickness of the film or sheet is preferably from 10to 300
um, and more preferably from 30 to 200 pm.

[0303] The sheet or film may be subjected to a stretching
treatment. The stretching treatment is preferably carried out
along with at least one direction in a preferable stretching
ratio ranging from 1.01 to 2 times at a temperature ranging
from Tg-30° C. to Tg+60° C., more preferably from Tg-10°
C.10 Tg+50° C., where Tg is a glass transition temperature of
the polymer material. When the film produced according to
the extrusion method is subjected to a stretching treatment,
the stretching direction is preferably set along with mechani-
cal flow direction (extrusion direction). The stretching may be
carried out according to a free-shrinkage monoaxial stretch-
ing method, width-fixed monoaxial stretching method, or
biaxial stretching method. Controlling the optical properties
of the film may be performed by adjusting the stretching ratio
and heating temperature.

[Liquid Crystal Display Device]

[0304] Employing the patterned first optically anisotropic
layer, and, if desired, the unpatterned second optically aniso-
tropic layer, it is possible to provide a liquid crystal display
device improved in viewing angle properties. Examples of the
retardation plate (optical compensation sheet) to be employed
in TN mode liquid crystal displays are described in JPA No. H
6-214116, U.S. Pat. Nos. 5,583,679 and 5,646,703 and Ger-
man Patent No. 3911620A1. Examples of the retardation
plate (optical compensation sheet) to be employed in IPS
mode or FL.C mode liquid crystal displays are described in
JPA No. H10-54982. Examples of the retardation plate (opti-
cal compensation sheet) to be employed in OCB or HAN
mode liquid crystal displays are described in U.S. Pat. No.
5,805,253 and Pamphlet of International Publication No.
WO096/37804. Examples of the retardation plate (optical
compensation sheet) to be employed in STN mode liquid
crystal displays are described in JPA No. H9-26572.
Examples of the retardation plate (optical compensation
sheet) to be employed in VA mode liquid crystal displays are
described in Japanese Patent No. 2866372.
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[0305] The invention may adapt to various liquid crystal
displays such as TN, IPS, FLC, OCB, STN, VA and HAN
mode liquid crystal displays, and, especially, the invention is
suitable for VA and IPS mode liquid crystal displays.

[VA Mode]

[0306] The liquid crystal displays of the invention may
employ a VA mode. In terms of improvement of viewing
angle properties, one preferable embodiment of the VA mode
liquid crystal display comprises, as the first optically aniso-
tropic layer, a layer prepared by stabilizing a cholesteric
alignment of rod-like liquid crystal or a positive A-plate, and,
as the second optically anisotropic layer, a negative-C-plate.
The positive A-plate to be used as the first optically anisotro-
pic layer is prepared by using rod-like liquid crystal of which
An satisfies the wavelength—dependency conditions of the
expressions (I) and (II) shown above. Another preferable
embodiment of the VA mode liquid crystal display comprises,
as the first optically anisotropic layer, a positive A-plate sat-
1sfying the relational expression, Re (red)>Re (Green)>Re
(Blue), and, as a second optically anisotropic layer, a negative
C-plate.

[IPS Mode]

[0307] The liquid crystal displays of the invention may
employ an IPS mode. In terms of improvement of viewing
angle properties, such the IPS mode liquid crystal display
preferably comprise, as the first optically anisotropic layer, a
positive C-plate or a negative A-plate, and, as the second
optically anisotropic layer, a positive A-plate or a biaxial film.
The positive C-plate to be used as the first optically anisotro-
pic layer is preferably prepared by stabilizing a vertical align-
ment of rod-like liquid crystal, or may be prepared by using
any rod-like liquid crystal of which An satisfies or doesn’t
satisfy the wavelength-dependency conditions of the expres-
sions (I) and (IT) shown above. The negative A-plate to be
used as the first optically anisotropic layer is preferably pre-
pared by stabilizing a vertical alignment of discotic liquid
crystal. The positive A-plate to be used as the second optically
anisotropic layer is preferably prepared by using a polymer
film satisfying the relational expressions (IIT) and (Iv) below:

Re(450 nm)/Re(550 nm)<1 (11
Re(650 nm)/Re(550 nm)>1 Iv)
[0308] The preferable biaxial film to be used as the second

optically anisotropic layer has an in-plane retardation (Re)
value of not zero and gives substantially equal retardation
values for light of a wavelength A nm coming respectively in
adirection rotated by +40° and in a direction rotated by -40°
with respect to a normal direction of a layer plane using an
in-plane slow axis as a tilt axis (a rotation axis).

[0309] Other preferable biaxial film to be used as the sec-
ond optically anisotropic layer has an in-plane retardation
(Re) value at 550 nm ranging from 20 to 150 nm, and an Nz
value at 550 nm ranging from 1.5 to 7, provided that Nz is
defined as Nz=(nx-nz)/(nx-ny) based on in-plane refractive
indexes nx and ny (nx>ny) and a thickness direction refractive
index nz.

EXAMPLES

[0310] Paragraphs below will more specifically describe
the present invention referring to Examples. Any materials,
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reagents, amount and ratio of use and operations shown in
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Examples may appropriately be modified without departing -continued
from the spirit of the present invention. It is therefore under-
stood that the present invention is by no means limited to Material 1
specific Examples below. —(CHZ—TH)40— —(CHZ—TH)X— —(CHZ—TH)Y—
Example 1 O=0 O=0 O=¢
Method for Preparing Black Photosensitive Compo- OCILCILG o O(PORH OEOyH
sition for Producing Barrier Wall (n=6,x=55y =5 Mw = 33940, Mw/Mn = 2.55)
. . PO: propylene oxide
[0311] A black photosensitive composition K1 was FO: ethylene oxide
obtained by firstly weighing a K pigment dispersion 1 and
propylene glycol monomethyl ether acetate in an amount
listed in Table 1, which were mixed at a temperature of 24° C. TABLE 1
(x2° C.) to be stirred at 150 RPM for 10 minutes, and then
weighing methyl ethyl ketone, a binder 2, hydroquinone (Part by mass)
monomethyl ether, a DPHA liquid, 2,4-bis(trichloromethyl)- Black photosensitive resin composition K1
6-[4'-(N,N-diethoxycarbonylmethylami  no)-3'-bromophe- K Pigment Dispersion 1 (cabon black) 5
nyl]-s-triazine and a surfactant 1 in an amount listed in Table nglyllenehgiylfm monomethyl ether acetate 8
1, which were added in this order at a temperature of 25° C. I\B/Ili defft vl ketone 53 .
(x2° C.) to be stirred at a temperature of 40° C. (£2° C.) at 150 Hydroquinone monomethyl ether 0.002
RPM for 30 minutes. Here, the amount listed in Table 1 is in DPHA liquid 4.2
part by mass, and the detailed composition is as follows.
<K Pigment Dispersion 1>
Carbon black (Nipex 35, manufactured by Degussa) 13.1%
Dispersant (undermentioned compound 1) 0.65%
Polymer (random copolymer of benzyl methacrylate/methacrylic acid = 72/28 6.72%
(mole ratio), weight: 37000)
Propylene glycol monomethyl ether acetate 79.53%
Compound 1
NEt
H
N,
[0} (€] /_/7
: 0 CONH
N
N
H H
N=N CONH
CONH
\_\~ NEt
TABLE 1-continued
<Binder 2> (Part by mass)
Polymer (random copolymer of benzyl methacrylate/methacrylic 27% 2 A-bis(trichloromethyl)-6-[4'-(N,N-diethoxy 0.16
acid = 78/22 (mole ratio), molecular weight: 38000) carbonylmethylamino)-3-bromophenyl]-
Propylene glycol monomethy! ether acetate 73% s-triazine
<DPHA liquid> Surfactant 1 0.044
Dipentaerythritol hexaacrylate (containing 500 ppm of 76%

polymerization inhibiter MEHQ, trade name: KAYARAD DPHA,
manufactured by NIPPON KAYAKU CO., LTD.)

Propylene glycol monomethy! ether acetate 24%
<Surfactant 1>

Undermentioned Material 1 30%
Methy! ethyl ketone 70%

(Formation of Light-Shielding Barrier Wall)

[0312] Analkali-free glass substrate was washed witha UV
washing apparatus, followed by washing with a brush using a
cleaning agent, and further subjected to ultrasonic cleaning
with ultrapure water. The substrate was heat-treated at 120°
C. for 3 minutes to stabilize the surface state.

[0313] The substrate was cooled and controlled at 23° C.,
on which the black photosensitive composition K1 having the
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composition listed in Table 1 was coated with a coater for a
glass substrate having a slit-shaped nozzle (manufactured by
FeAsSeAsia, trade name: MH-1600). Therewith, it was dried
in VCD (vacuum drying apparatus, manufactured by Tokyo
Ohka Kogyo Co., Ltd.) for 30 seconds to dry a part of the
solvent and bring about the disappearance of flowability of
the coated layer, then it was pre-baked at 120° C. for 3 min-
utes to give a black photosensitive layer K1 having a thick-
ness of 10 um.

[0314] Pattern exposure was carried out with a proximity
type exposing apparatus provided with an ultrahigh pressure
mercury lamp (manufactured by Hitachi High-Technologies
Corporation) in such state that the substrate and a mask
(quartz exposure mask having an image pattern) stood verti-
cally, while setting the distance between the exposure mask
surface and the black photosensitive layer K1 to 200 um under
anitrogen atmosphere in an exposure amount of 300 mJ/cm®.

[0315] Next, pure water was sprayed with a shower nozzle
to wet uniformly the surface of the black photosensitive layer
K1, then shower development was effected with a KOH-
based developing liquid (containing KOH, nonionic surfac-
tant, trade name: CDK-1, manufactured by FUIIFILM
ELECTRONIC MATERIALS CO., LTD.) at 23° C. for 80
seconds at a flat nozzle pressure of 0.04 MPa to give a pat-
terned image. Therewith, ultrapure water was jetted with an
ultrahigh-pressure washing nozzle at a pressure of 9.8 MPa to
remove residues, which was subjected to post-exposure under
room air in an exposure amount of 2000 mJ/cm” to give a
black barrier wall having an optical density of 3.9. On the
surface of glass substrate, fine areas separated by the black
barrier wall were formed.

(Preparation of Coating Liquid AL-1 for Alignment Layer)

[0316] The following composition was prepared, which
was then filtered with a polypropylene filter having a pore
diameter of 30 um and used as a coating liquid AL-1 for an
alignment layer.

Composition of Coating Liquid for Alignment Layer (%)

Polyvinyl alcohol (PVA205, manufactured by 3.21
KURARAY CO., LTD.)

Polyvinyl pyrrolidone (Luvitec K30, manufactured 1.48
by BASF)

Distilled water 52.1
Methanol 43.21

(Preparation of Coating Liquid LC-R1 for Optically Aniso-
tropic Layer)

[0317] The following composition was prepared, which
was then filtered with a polypropylene filter having a pore
diameter 0f 0.2 um and used as a coating liquid LC-R1 for an
optically anisotropic layer.

[0318] LC-1-1 was synthesized according to the method
described in Tetrahedron Lett., vol. 43, page 6793 (2002).
LC-1-2 was synthesized by the method described in EP
1388538 Al, page 21.
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Composition of Coating Liquid for Optically Anisotropic Layer (%)

Rod-like liquid crystal (Paliocolor 1.C242, BASF Japan) 28.62

Chiral agent (Paliocolor LC756, BASF Japan) 3.40

44" Azoxydianisole 0.52

Horizontally aligning agent (LC-1-1) 0.10

Photopolymerization initiator (LC-1-2) 1.36

Methyl ethyl ketone 66.0

OR
RO
I
HN N N OR
TT
N X N
T ™
NH
RO OR
R = CH,CH,OCH,CH,C4F 3
LC-1-1
F
N /w
K/O

LC-1-2

(Preparation of Coating Liquid LC-G1 for Optically Aniso-
tropic Layer)

[0319] The following composition was prepared, which
was then filtered with a polypropylene filter having a pore
diameter of 0.2 pm and used as a coating liquid LC-G1 for an
optically anisotropic layer.

Composition of Coating Liquid for Optically Anisotropic Layer (%)

Rod-like liquid crystal (Paliocolor LC242, BASF 28.38
Japan)

Chiral agent (Paliocolor LC756, BASF Japan) 334
4 A-Azoxydianisole 0.27
Horizontally aligning agent (LC-1-1) 0.10
Photopolymerization initiator (LC-1-2) 1.34
Methyl ethyl ketone 66.57

Composition to be Used for Preparing a Color Filter

[0320] The formulations of the compositions to be used for
preparing RGB images are shown in Table 2.
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[Formulation of G Pigment Dispersion]

TABLE 2 [0324]
PP-RI PP-G1 PP-B1
R pigment dispersion-1 44 — —
R pigment dispersion-2 5.0 — - Formulation of G Pigment Dispersion (%)
G pigment dispersion — 24 —
CF Yellow EC3393 — 13 — C.IL Pigment Green 36 18.0
(from Mikuni Color Works, Ltd.) random copolymer of benzyl methacrylate/ 12.0
CF Blue EX3357 _ _ 72 methacrylic acid (72/28 by molar ratio,
(from Mikuni Color Works, Ltd.) weight-average molecular weight = 37,000)
CF Blue EX3383 _ _ 13 cyclohexanone 35.0
(from Mikuni Color Works, Ttd.) propylene glycol monomethyl ether acetate 35.0
propylene glycol monomethyl ether 76 29 23
acetate (PGMEA)
methyl ethyl ketone 37412 25115 3578 [Formulation of Binder 1]
cyelohexanone — 1.3 —
binder 1 — 2.9 — [0325]
binder 2 0.7 — —
binder 3 — — 16.9
DPHA solution 44 43 3.8
2-trichloromethyl-5-(p-styrylmethyl)- 0.14 0.15 0.15 Formulation of Binder 1 (%)
1,3,4-oxadiazole
2 4-bis(trichloromethyl)-6-[4-(N,N- 0.058 0.060 — random copolymer of benzyl methacrylate/ 27.0
diethoxycarbonylmethyl)-3- methacrylic acid (78/22 by molar ratio,
bromophenyl]-s-triazine weight-average molecular weight = 40,000)
phenothiazine 0.010 0.005 0.020 propylene glycol monomethyl ether acetate 73.0
hydroquionone monomethyl ether — — —
Hexafluore antimonic acid triallyl 3.37 2.00 2.00
sulfonium . .
HIPLAAD ED152 (from Kusumoto 0.52 — — [Formulation of Binder 2]
Chermicals) [0326]
Megafac F-176PF (from Dainippon Ink 0.060 0.070 0.050
and Chemicals, Inc.)
i i 2 (%
[0321] The formulations of the compositions listed in Table Formulation of Binder 2 ()
2 are as follows. random copolymer of benzyl methacrylate/ 27.0
methacrylic acid/methyl methacrylate
(38/25/37 by molar ratio, weight-average
[Formulation R Pigment Dispersion-1] molecular weight = 30,000)
propylene glycol monomethyl ether acetate 73.0
[0322]
[Formulation of Binder 3]
Formulation of R Pigment Dispersion-1 (%) [0327]
C.I Pigment Red 254 8.0
5-[3-0x0-2-[4-[3,5-bis(3-diethyl aminopropyl 0.8

aminocarbonyljphenyl]aminocarbonyl]phenylazo]-
butyroylaminobenzimidazolone

random copolymer of benzyl methacrylate/ 8.0
methacrylic acid (72/28 by molar ratio,

weight-average molecular weight = 37,000)

propylene glycol monomethyl ether acetate 832

Formulation of Binder 3 (%)

random copolymer of benzyl methacrylate/methacrylic acid/methyl ~ 27.0
methacrylate(36/22/42 by molar ratio,
weight-average molecular weight = 30,000)

propylene glycol monomethyl ether acetate 73.0
[Formulation of R Pigment Dispersion-2] [Formulation of DPHA]
(0323] [0328]
Formulation of DPHA Solution (%)
Formulation of R Pigment Dispersion-2 (%)
) KAYARAD DPHA (from Nippon Kayaku Co., Ltd.) 76.0
C.I Pigment Red 177 18.0 propylene glycol monomethyl ether acetate 24.0
random copolymer of benzyl methacrylate/ 12.0

methacrylic acid (72/28 by molar ratio,
weight-average malecular weight = 37,000)

propylene glycol monomethy! ether acetate 70.0 (Preparation of Liquid Composition PP-R1 for R Layer)

[0329] Liquid composition PP-R1 for an R layer was
obtained firstby weighing R pigment dispersion-1, R pigment
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dispersion-2 and propylene glycol monomethyl ether acetate
according to the amounts listed in the Table 2 respectively,
mixing them at 24° C. (2° C.), stirring the mixture at 150 rpm
for 10 minutes, weighing methyl ethyl ketone, binder 2,
DPHA solution, 2-trichloromethyl-5-(p-styrylstyryl)-1,3.4-
oxadiazole, 2,4-bis (trichloromethyl)-6-[4-(N,N-diethoxy
carbonylmethyl)-3-bromophenyl]-s-triazine and phenothiaz-
ine according to the amounts listed in Table 2, adding them in
this order at 24° C. (£2° C.), stirring the mixture at 150 rpm
for 10 minutes, weighing ED152 according to the amount
listed in Table 2, adding it at 24° C. (x2° C.), stirring the
mixture at 150 rpm for 20 minutes, weighing Megafac
F-176PF according to the amount listed in Table 2, adding it
at 24° C. (£2° C)), stirring the mixture at 30 rpm for 30
minutes, and filtering the mixture through a#200 nylon mesh.

(Preparation of Liquid Composition PP-G1 for G Layer)

[0330] Liquid composition PP-G1 for a G layer was
obtained first by first weighing G pigment dispersion, CF
Yellow EX3393 and propylene glycol monomethyl ether
acetate according to the amounts listed in Table 2, mixing
them at 24° C. (£2° C.), stirring the mixture at 150 rpm for 10
minutes, then weighing methyl ethyl ketone, cyclohexanone,
binder 1, DPHA solution, 2-trichloromethyl-5-(p-styryl-
styryl)-1,3.4-oxadiazole, 2,4-bis (trichloromethyl)-6-[4-(N,
N-diethoxy carbonylmethyl)-3-bromophenyl]-s-triazine and
phenothiazine according to the amounts listed in Table 2,
adding them in this order at 24° C. (£2° C.), stirring the
mixture at 150 rpm for 30 minutes, then weighing Megafac
F-176 PF according to the amount listed in Table 2, adding it
at24° C. (+2° C)), stirring the mixture at 30 rpm for 5 minutes,
and filtering the mixture through a #200 nylon mesh.

(Preparation of Liquid Composition PP-B1 for B Layer)

[0331] Liquid composition PP-B1 for a B layer was
obtained first by weighing CF Blue EX3357, CF Blue
EX3383 and propylene glycol monomethyl ether acetate
according to the amounts listed in Table 2, mixing them at 24°
C. (x2° C.), stirring the mixture at 150 rpm for 10 minutes,
then weighing methyl ethyl ketone, binder 3, DPHA solution,
2-trichloromethyl-5-(p-styrylstyryl)-1,3,4-oxadiazole, and
phenothiazine according to the amounts listed in Table 2,
adding them in this order at 25° C. (£2° C.), stirring the
mixture at 40° C. (z2° C.) at 150 rpm for 30 minutes, then
weighing Megafac F-176 PF according to the amount listed in
Table 1, adding it at 24° C. (£2° C.), stirring the mixture at 30
rpm for 5 minutes, and filtering the mixture through a #200
nylon mesh.

(Preparation of Coating Liquid LC-B1 for Optically Aniso-
tropic Layer)

[0332] The following composition was prepared, which
was then filtered with a polypropylene filter having a pore
diameter of 0.2 pm and used as a coating liquid LC-B1 for an
optically anisotropic layer.

Composition of Coating Liquid for Optically Anisotropic Layer (%)

Rod-like liquid crystal (Paliocolor LC242, BASF 28.72
Japan)
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-continued

Composition of Coating Liquid for Optically Anisotropic Layer (%)

Chiral agent (Paliocolor LC756, BASF Japan) 3.36
4 A'-Azoxydianisole 0.03
Horizontally aligning agent (LC-1-1) 0.10
Photopolymerization initiator (LC-1-2) 1.34
Methyl ethyl ketone 66.45

(Production of Alignment Layer)

[0333] Droplets of the coating liquid AL-1 for an alignment
layer obtained above were ejected into concave portions (fine
areas) surrounded by the light-shielding barrier wall using a
head of piezo system, which was then dried. The alignment
layer had a thickness of 1.6 pm. Therewith, the formed align-
ment layer was subjected to rubbing treatment.

(Production of Optically Anisotropic Layer)

[0334] As an optically anisotropic layer R-1 for R, a layer
having a uniform liquid crystal phase was formed by ejecting
droplets of the coating liquid LC-R1 for an optically aniso-
tropic layer obtained above into concave portions (fine areas)
having the alignment layer AL-1 surrounded by the light-
shielding barrier wall using a head of piezo system and then
heating, drying and aging the same at 95° C. for 2 minutes.
Further, just after the aging, the layer was irradiated with a
polarized UV (illuminance 200 mW/cm?, irradiance level:
200 ml/cm?) generated by setting the transmission axis of a
polarizing plate so as to be the TD direction of the transparent
substrate under a nitrogen atmosphere of an oxygen concen-
tration of 0.3% or less to stabilize the optically anisotropic
layer, thereby forming the optically anisotropic layer having
a thickness of 2.8 um.

[0335] Optically anisotropic layers G-1, B-1 for G, B were
formed in the similar way except for ejecting LC-G1 and
LC-B1 in place of LC-R1, respectively. Optically anisotropic
layers G-1 and B-1 had respective thicknesses of 2.75 pum and
2.3 um.

[0336] In this Example, droplets of respective coating lig-
uids for optically anisotropic layer were ejected into concave
portions (fine areas) corresponding to intended R, G and B in
portions corresponding to respective pixels of R, G, B by
controlling the transfer speed and drive frequency.

(Production of Color Filter Layer)

[0337] Droplets of liquids for forming R, G and B layers,
PP-R1, PP-G1 and PP-B1 respectively obtained above were
ejected as below into concave portions surrounded by the
light-shielding barrier wall using a head of piezo system.
[0338] Thehead had 318 nozzles in a nozzle density of 150
per 25.4 mm. Two of the head were fixed while dislocating
respective positions in 2 of the nozzle distance in the nozzle
line direction, which allowed droplets to be ejected in 300 per
25.4 mm onto the substrate in the nozzle arrangement direc-
tion. The head and ink were controlled so that the temperature
near the ejecting portion was 40£0.5° C. by circulating warm
water into the head.

[0339] Theink ejection from the head was controlled by the
piezo driving signal given to the head making it possible to
eject 6-42 ul per one droplet. In this Example, droplets were
ejected from the head while transferring the glass substrate
lying at a position of 1 mm below the head. The transfer speed
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could be set in a range of 50-200 mm/s. In addition, the piezo
drive frequency was possible up to 4.6 KHz, and, by setting
these, the amount of ejected droplets could be controlled.
[0340] Inthis Example, respective liquids for forming R, G
and B layers, PP-R1, PP-G1 and PP-B1 were ejected into
concave portions corresponding to intended R, G and B so
that coating amount of respective pigments, R, G and B were
1.1, 1.8, 0.75 g/m? in portions corresponding to respective
pixels of R, G, B, by controlling the transfer speed and drive
frequency.

[0341] After that, it was dried at 100° C., and further sub-
jected to thermal treatment at 240° C. for 1 hour to form color
filter pixels on the optically anisotropic layer.

(Measurement of Retardation)

[0342] By a parallel nicol method using a fiber type spec-
trometer, the front retardation Re(0) and retardations Re(40)
and Re(-40), which are defined as retardations when an
sample is inclined in +40 degrees, respectively, while taking
the slow phase axis as a rotation axis, at an arbitrary wave-
length A were measured. For R, G, B, respective retardations
were measured at A of 611 nm, 545 nm, 435 nm. As to the
retardation of the optically anisotropic layer of the invention,
by calibrating with the transmittance data of a substrate hav-
ing no optically anisotropic layer that had been measured
previously, only the retardation of the optically anisotropic
layer was given. Results of the retardation measurement are
shown in Table 3.

TALE 3
(nm)
Sample Re(0) Re(40) Re(-40)
R-1 19.0 50.2 50.8
G-1 33.0 67.0 67.1
B-1 485 86.9 87.1

(Formation of Transparent Electrode)

[0343] On the color filter produced above, a transparent
electrode film (film thickness: 2000 A) was formed by sput-
tering of ITO.

(Formation of Alignment Layer and Formation of Liquid
Crystal Cell)

[0344] Additionally, an alignment film of polyimide was
provided thereon. Next, glass beads having a particulate
diameter of 5 um were spread. Further, a sealing agent of
epoxy resin containing spacer particles was printed onto the
position corresponding to the outer frame of the black matrix
provided around the pixel group of the color filter, and the
color filter plate was adhered with a facing substrate at a
pressure of 10kg/cm. Then, the adhered glass substrates were
heat-treated at 150° C. for 90 minutes to cure the sealing
agent, thereby giving a laminate of two glass substrates. The
glass substrate laminate was degassed under vacuum. Then,
the pressure was returned to atmospheric pressure, and liquid
crystal was injected into the gap between the two glass sub-
strates to give a liquid crystal cell. On both surfaces of the
liquid crystal cell, polarizing plates HLC2-2518 manufac-
tured by SANRITZ CORPORATION were adhered.

(Production of VA-LCD)

[0345] As a cold-cathode tube backlight for a color liquid
crystal display device, a three—wavelength fluorescent lamp
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for white light having an arbitrary hue was produced by using
a fluorescent material composed of a mixture of
BaMg,Al, O,,:Eu, MnandLaPO,:Ce, Th at aweight ratio of
50:50 for green (G), Y,0;:Euforred (R), and BaMgAl, O, -:
Eu for blue (B). On the backlight, the liquid crystal cell
arranged with the polarizing plate was disposed to produce a
VA-LCD.

(Production of VA-LCD of Comparative Example 1)

[0346] A VA-LCD of Comparative Example 1 was pro-
duced in a way similar to that in Example, except that opti-
cally anisotropic layers R-1, G-1, B-1 were omitted, and that,
instead, an optically anisotropic layer having a thickness of
2.75 um was formed using AL-1 and LC-G1 on the liquid
crystal cell side protective film of the downside polarizing
plate in a way similar to that of producing the optically aniso-
tropic layer of G-1.

(Evaluation of VA-LCD)

[0347] The viewing angle property of the produced liquid
crystal display device was measured with a viewing angle-
measuring apparatus (EZ Contrast 160D, manufactured by
ELDIM). For Example and Comparative Example, FIG. 4
shows the hue alteration on the xy chromaticity diagram when
the viewing angle was changed from the front of LCD toward
the right direction, upper right direction at 45 degrees, and
upper direction by 0-80 degrees in the black state (no voltage
application).

[0348] FIGS. 4A, 4B and 4C show the hue alteration of
Example 1 on the xy chromaticity diagram when the viewing
angle was changed from the front of LCD toward the right
direction, upper right direction at 45 degrees and upper direc-
tion by 0-80 degrees in the black state (no voltage applica-
tion).

[0349] FIGS. 4D, 4E and 4F show the hue alteration of
Comparative Example 1 on the xy chromaticity diagram
when the viewing angle was changed from the front of LCD
toward the right direction, upper right direction at 45 degrees
and upper direction by 0-80 degrees in the black state (no
voltage application).

[0350] In Table 4, the visually evaluated results for the
upper right direction at 45 degree were shown.
TABLE 4
Sample Visually evaluated result
Example 1 Viewing angle property of contrast was good,
little color shift in the black state was observed.
Comparative Viewing angle property of contrast was almost the
Example 1 same as that in Example 1, but coloring was

observed in oblique directions.

Example 2

Preparation of Coating Liquid LC-2 for Optically
Anisotropic Layer

[0351] A coating liquid LC-2 was prepared in the same
manner as the coating liquid LC-R1 used in Example 1,
except that a rod-like liquid crystal compound (2) shown
below was used in the place of Paliocolor LC242, a polymer-
ization initiator (L.C-2-2) shown below was used in the place
of the polymerization initiator (LC-1-2), chloroform was
used in the place of methylethyl ketone, and neither the chiral
agent nor 4,4'-azoxydianisole was used.
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NC

CCly

CCls

(Preparation of Optically Anisotropic Layer)

[0352] As optically anisotropic layers for R Gand B, layers
having a uniform liquid crystal phase were formed, in the
similar manner as Examples 1, by ejecting droplets of the
coating liquid LC-2 obtained above into concave portions
(fine areas) having the alignment layer AL-1 surrounded by
the light-shielding barrier wall corresponding R, G and B
layer respectively, using a head of piezo system and then
heating, drying and aging the same at 140° C. for 2 minutes.
[0353] Further, just after the aging, the layer was irradiated
with a polarized UV (illuminance 200 mW/cm?, irradiance
level: 1000 mJ/cm?) under a nitrogen atmosphere of an oxy-
gen concentration of 0.3% or less to stabilize the optically
anisotropic layer, thereby forming an optically anisotropic
layer RET-2 having a thickness of 2.9 um.

(Measurement of An)

[0354] Optical anisotropic property of the optically aniso-
tropic layer RET-2 was measured by using an automatic bire-
fringence meter (KOBRA-21ADH from Oji Scientific Instru-
ments). And An values were calculated based on the obtained
value and the thickness of the layer. The obtained values are
shown in the following Table 3.

TABLE 5
Coating Fluid
for RET-2 An(450 nm)/An(550 nm)  An(650 nm)/An(550 nm)
LC2 0788 1.065
[0355] The color filter, the transparent electrode were pro-

duced in the same manner as Example 1.

(Formation of Alignment Layer and Formation of Liquid
Crystal Cell)

[0356] Additionally, an alignment film of polyimide was
provided thereon. Next, glass beads having a particulate
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41

Rod-like liquid erystal compound (2)

LC-2-2

diameter of 5 um were spread. Further, a sealing agent of
epoxy resin containing spacer particles was printed onto the
position corresponding to the outer frame of the black matrix
provided around the pixel group of the color filter, and the
color filter plate was adhered with a facing substrate at a
pressure of 10kg/cm. Then, the adhered glass substrates were
heat-treated at 150° C. for 90 minutes to cure the sealing
agent, thereby giving a laminate of two glass substrates. The
glass substrate laminate was degassed under vacuum. Then,
the pressure was returned to atmospheric pressure, and liquid
crystal was injected into the gap between the two glass sub-
strates to give a liquid crystal cell. To a surface of the liquid
crystal cell, polarizing plate HLC2-5618 manufactured by
SANRITZ CORPORATION was adhered as an upper (ob-
server side) polarizing plate; and to another surface, polariz-
ing plate HLC2-2518 manufactured by SANRITZ CORPO-
RATION was adhered as a lower (backlight side) polarizing
plate

(Production of VA-LCD)

[0357] As a cold-cathode tube backlight for a color liquid
crystal display device, a three-wavelength fluorescent lamp
for white light having an arbitrary hue was produced by using
a fluorescent material composed of a mixture of
BaMg,Al, ;O,,: Eu, Mn and LaPO,:Ce, Tb at a weight ratio
of 50:50 for green (G), Y,O;:Fu for red (R), and
BaMgAl,,O,,:Eu for blue (B). On the backlight, the liquid
crystal cell arranged with the polarizing plate was disposed to
produce a VA-LCD.

Example 3

[0358] A VA mode liquid crystal display was produced in
the same manner as Example 2, except that optically aniso-
tropic layers R-3, G-3 and B-3 were produced by using a
coating liquid LC-3 which was prepared in the same manner
as the coating liquid L.C-2 except that a rod-like liquid crystal
compound shown below was used in the place of the liquid
crystal compound (2) shown above. The thicknesses of the
optically anisotropic layers R-3, G-3 and B-3 were 1.6 pum,
1,4 wm and 1.1 um respectively.
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H2c=CHcoz(c1{2)xocoo~®—coo

n=4

42

CH;
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OCOOOOCO(CHZ)XOZCHC=HZC

Rod-like liquid crystal compound described in JPA No. 2006-64858 in [0089]

Example 4

[0359] A coating liquid was prepared in the same manner as
the coating liquid LC-2 in Example 2, except that a rod-like
liquid crystal compound (11-38) and (LC-4-1) shown below
were used in the place of the rod-like liquid crystal compound
(2), “Irgacure 819” manufactured by Ciba-Geigy) was used
as a polymerization initiator, a compound (LC-4-2) shown
below was used as an additive, and a polyimide alignment
layer was used. And then, a VA-LCD of Example 4 was
produced in the same manner as Example 2.

[0360]
after.

The process is more specifically described herein-

Wowo

0
- ) ‘ﬁ
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\
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[0361] The 15% chloroform solution was applied to a
rubbed surface of the polyimide alignment layer supported by
a glass substrate according to a spin coating method, to form
a liquid crystal layer. The liquid crystal layer was heated at a
substrate temperature of 110° C., cooled by 77° C. at 5°
C./min n optically anisotropic layer, irradiated with 1000
mJ/em® UV under an atmosphere of an oxygen concentration
of 5% or less to stabilize the liquid crystal layer, to form an
optically anisotropic layer. Under Polarization microscopic
observation, it was found that the optically anisotropic layer
was free from defects and, molecules in the layer were
aligned uniformly. The thicknesses of the optically anisotro-
pic layers R-4, G-4 and B-4 were 0.95 um, 0.81 pm and 0.66
m respectively.

(11-38)

0
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Rod-like liquid crystal 1I-38
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O— T@o (CH«)4O CH=CH,
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Rod-like liquid crystal L.C-4-1

F(F2C)6(H2C'2O(H’C)ZOO Y \( Om% )20(CH2)(CF)6F
@*owl{z»mcm)z(omﬁ

Additive LC-4-2
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(Evaluation of VA-LCD)

[0362] The black states provided by the VA-LCDs of
Example 2, 3 and 4 in the black state were observed in the
oblique direction at an azimuthal angle of 45 degree and a
polar angle of 60 degree. The color shifts of the VA-LCDs
between the directions at an azimuthal angle of 45 degree and
a polar angle of 60 degree and at an azimuthal angle of 180
degree and a polar angle of 60 degree.

[0363] It was found that the VA-LCDs produced in
Example 2, 3 provided and 4 neutral black states in the normal
and oblique directions.

Example 5

Preparation of Coating Liquid L.C-3 for Optically
Anisotropic Layer

[0364] The composition having the formulation shown
below was prepared and filtered with polypropylene filter
having a 0.2 pm pore size to obtain a coating liquid LC-5.
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(Production of First Optically Anisotropic Layer)

[0366] As an optically anisotropic layer R-5 for R, a layer
having a uniform liquid crystal phase was formed by ejecting
droplets of the coating liquid LC-5 for an optically anisotro-
pic layer obtained above into concave portions (fine areas)
having the alignment layer AL-1 surrounded by the light-
shielding barrier wall using a head of piezo system and then
heating, drying and aging the same at 95° C. for 2 minutes.
Further, just after the aging, the layer was irradiated with a
polarized UV (illuminance 200 mW/cm?, irradiance level:
1000 mJ/cm?) under a nitrogen atmosphere of an oxygen
concentration of 0.3% or less to stabilize the liquid crystal
phase, thereby forming the optically anisotropic layer having
a thickness of 1.26 um.

[0367] Optically anisotropic layers G-5, B-5 for G, B were
formed in the similar way. Optically anisotropic layers G-5
and B-5 had respective thicknesses of 1.07 um and 0.85 pm.
[0368] In this Example, droplets of respective coating lig-
uids for optically anisotropic layer were ejected into concave
portions (fine areas) corresponding to intended R, G and B in

Formulation of Coating liquid LC-5 (5)

Rod-like liquid crystal compound I-2 shown below 28.0

Onium Salt (58) described in JPA No. 2006-106662 0.57
Agent capable of promoting vertical alignment at air-interface (P-27) described in JPA No. 2006-106662 0.15
Photo-polymerization initiator (LC-2-2) shown above 1.36
Methy! ethyl ketone 69.92

Rod-like liquid crystal compound I-2
12
0]

A

Onijum salt (58)
CHz CHj

Ve VRN CH,
TOE
(0]
(6] )K@\
O 0]
O)ko/\/\/

m

0

Br
o) 0 — /CH3
C3H17O OCHchZ_W N
\_/
0 CH; O CH;

Agent capable of promoting vertical alignment at air-interface
(P-27)

—CH,—CH5 —CH,—HC—5
O_CHchZ_(CF2CF2)3F o0— (C3H60)20H
]
P27
Mw 9,000

(Production of Alignment Layer)

[0365] Droplets ofthe coating liquid AL-1 for an alignment
layer obtained above were ejected into concave portions (fine
areas) surrounded by the light-shielding barrier wall using a
head of piezo system, which was then dried. The alignment
layer had a thickness of 1.6 um.

—CH—CH-7

O0—Cy,Hys

portions corresponding to respective pixels of R, G, B by
controlling the transfer speed and drive frequency.

(Production of Color Filter Layer)

[0369] Droplets of liquids for forming R, G and B layers,
PP-R1, PP-G1 and PP-B1 respectively obtained above were
ejected as below into concave portions surrounded by the
light-shielding barrier wall using a head of piezo system.



US 2009/0040433 A1

[0370] Thehead had 318 nozzles in a nozzle density of 150
per 25.4 mm. Two of the head were fixed while dislocating
respective positions in % of the nozzle distance in the nozzle
line direction, which allowed droplets to be ejected in 300 per
25.4 mm onto the substrate in the nozzle arrangement direc-
tion. The head and ink were controlled so that the temperature
near the ejecting portion was 40+0.5° C. by circulating warm
water into the head.

[0371] Theink ejection from the head was controlled by the
piezo driving signal given to the head making it possible to
eject 6-42 pl per one droplet. In this Example, droplets were
ejected from the head while transferring the glass substrate
lying at a position of 1 mm below the head. The transfer speed
could be set in a range of 50-200 mny/s. In addition, the piezo
drive frequency was possible up to 4.6 KHz, and, by setting
these, the amount of ejected droplets could be controlled.

[0372] Inthis Example, respective liquids for forming R, G
and B layers, PP-R1, PP-G1 and PP-B1 were ejected into
concave portions corresponding to intended R, G and B so
that coating amount of respective pigments, R, G and B were
1.1, 1.8, 0.75 g/m? in portions corresponding to respective
pixels of R, G, B, by controlling the transfer speed and drive
frequency.

[0373] After that, it was dried at 100° C., and further sub-
jected to thermal treatment at 240° C. for 1 hour to form color
filter pixels on the first optically anisotropic layer.

[0374] It was found that the mean tilt angle of rod-like
molecules in the layer corresponding to each R, G and B area
was 89.90 degree, and the rod-like molecules were aligned
vertically relative to the substrate. The retardation values of
the R-5, G-5 and B-5 corresponding R, G and B areas respec-
tively were measured. The results are shown in Table 6.

TABLE 6
(om)
B-5 G-5 R-5
Re 0 0 0
Rth -92 -118 -125

(Production of TIPS Mode Liquid Crystal Cell)

[0375] A polyimide layer was formed on another surface of
the glass substrate and subjected to a rubbing treatment to
form an alignment layer.

[0376] Another glass substrate was prepared, and on the
glass substrate, as shown in FIG. 5, the electrodes (reference
numerals 2 and 3 in FIG. 5) were provided so as to adjust the
distance between the adjacent electrodes to 20 pm, thereon a
polyimide film was provided as the alignment film, and
rubbed. The rubbing treatment was carried out along with the
direction 4 shown in FIG. 5. Two glass substrates were
stacked and bonded, while opposing the individual alignment
films with each other, keeping a 3.9-um distance (gap; d)
therebetween, and aligning the direction of rubbing of two
glass substrates in parallel with each other, and a nematic
liquid crystal composition having a refractive index anisot-
ropy (An) of 0.0769 and a dielectric constant anisotropy (Ae)
of 4.5 in positive was then filled with the space between the
substrates. The liquid crystal layer was found to have a d-An
value of 300 nm.
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[0377] InFIGS. 5, 5a and 55 are directors of liquid crystal
molecules in the black state; and 6a and 65 are directors of
liquid crystal molecules in the white state.

(Preparation of Optically Anisotropic Film B-1)
<Preparation of Cellulose Acetate Solution>

[0378] Theingredients shown below were putinto a mixing
tank, stirred for 6 hours so as to be dissolved, to thereby
prepare a cellulose acetate solution A.

Cellulose Acetate Solution A

100.0 parts by mass
402.0 parts by mass
60.0 parts by mass

Cellulose acetate with acetification degree of 2.86
Methylene chloride (first solvent)
Methanol (second solvent)

<Preparation of Matting Agent Dispersion>

[0379] Silica particle having a mean particle size of 16 nm
(Aerosil R972 from Nippon Aerosil Co., Ltd.) of 20 parts by
mass and methanol of 80 parts by mass were mixed under
stirring for 30 minutes to form a silica dispersion. The dis-
persion was putinto a disperser together with the composition
shown below, stirred for 30 minutes so as to be dissolved, to
thereby prepare a matting agent dispersion.

<Formulation of Matting Agent Dispersion>

Dispersion of Silica particle having a mean
particle size of 16 nm

Methylene chloride (first solvent)
Methanol (second solvent)

Cellulose acetate solution A

<Preparation of Additive solution>

10.0 parts by mass

76.3 parts by mass
3.4 parts by mass
10.3 parts by mass

The ingredients shown below were put into a
mixing tank, stirred for 6 hours so as to be
dissolved, to thereby prepare an additive solution.
<Formulation of Additive Solution>

Compound capable of lowering optical anisotropy
(A-01)

Agent for controlling wavelength dependency
(UV-01)

Methylene chloride (first solvent)

Methanol (second solvent)

Cellulose acetate solution A

49.3 parts by mass
7.6 parts by mass
58.4 parts by mass

8.7 parts by mass
12.8 parts by mass

It is to be noted that the compound A-01 has a Log P value of 2.9.
A-01

OCgHy;
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<Preparation of Cellulose Acetate Film>

[0380] After filtration, the cellulose acetate solution A of
94.5 parts by mass, the matting agent of 1.3 parts by mass, and
the additive solution of 4.1 parts by mass were mixed, to
prepare a dope. In the dope, the amounts of the compound
capable of lowering optical anisotropy and the agent for con-
trolling wavelength-dependency were 12% and 1.8% respec-
tively with respect to the mass of cellulose acetate.

[0381] Thus-prepared dope was cast onto a band using a
band casting machine, and the dope cast film was separated
from the band when the amount of residual solvent of the
dope film was decreased by 30%, and dried at 140° C. for 40
minutes. Then, a cellulose film was obtained. Regarding the
obtained film, it was found that the amount of residual solvent
was 0.2% and the thickness was 40 pm.

[0382] Regarding the obtained film, it was also found that
Re(630) was 0.3 nm, Rth(630) was 3.2 nm, [Re(400)-Re
(700) was 1.2 nm, IRth(400)-Rth(700) was 7.5 nm, Tg was
134.3° C., the haze value was 0.34%, ARth(10% RH-80%
RH) was 24.9 nm. This film was used as an optically aniso-
tropic film B-1.

(Production of Polarizer Plate 1 with Optically Anisotropic
Layer B-1)

[0383] Next, the stretched polyvinyl alcohol film was
adsorbed with iodine to thereby produce the polarizer film. A
commercially-available cellulose acetate film (Fujitack
TDSOUF, from FUJIFILM Corporation, Re=3 nm, Rth=45
nm) was saponified. The saponified commercially-available
cellulose acetate film and the optically anisotropic film B-1
were bonded to either surface of the polarizer film using a
polyvinyl alcohol-base adhesive, to thereby produce a polar-
izer plate 1.

(Production of Polarizer Plate 2 with Second Optically Aniso-
tropic Layer (Positive A-Plate))

[0384] An adhesive agent was applied to a surface of the
optically anisotropic film B-1 attached to the polarizer plate 1,
and a positive A-plate, a polycarbonate film (Re(550
nm)=133.77 nm, Re(450 nm)/Re(550 nm)=0.796,Re(650
nm)/Re(550 nm)=1.053), was bonded to the adhesive agent
layer so that the slow axis of the A-plate was perpendicular to
the transmission axis of the polarizer film, thereby to produce
apolarizer plate 2. Regarding the positive A-plate used in the
polarizer plate, the retardations were measured at R, G and B
wavelength. The results were shown in Table 7.

TABLE 7
(nm)
B G R
Re 106 137 141
Rth 53 68 70

(Production of IPS-LCD)

[0385] Thepolarizer plate 1 was then bonded to one surface
of the IPS-mode liquid crystal cell 1 produced in the above, so
that the transmission axis of the polarizer plate was parallel to
the rubbing direction of the liquid crystal cell, and so that the
surface of the optically anisotropic film B-1 was disposed at
the liquid crystal cell side. Next, on the other side of the
IPS-mode liquid crystal cell, the polarizer plate 2 was bonded
so that the polycarbonate film, positive A-plate, was disposed
at the liquid crystal cell side, so that the slow axis of the
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polycarbonate film was parallel to the rubbing direction of the
liquid crystal cell, and so that the surface ofthe polycarbonate
film was disposed at the liquid crystal cell side. Then, a liquid
crystal display was produced.

Example 6
Production of First Optically Anisotropic Layer

[0386] The droplets of the coating liquid LC-5 was ejected
into concave portions (fine areas), corresponding to R, G and
B areas, of a glass substrate surrounded by the light-shielding
barrier wall using a head of piezo system and then heating,
drying and aging the same at 80° C. for 1 minute, to form a
uniform liquid crystal phase. Further, just after the aging, the
layer was irradiated with a polarized UV (illuminance 200
mW/cm?, irradiance level: 1000 mJ/cm®) under a nitrogen
atmosphere of an oxygen concentration of 0.3% or less to
stabilize the optically anisotropic layer, thereby forming the
optically anisotropic layers R-6, G-6 and B-6.

[0387] The transfer speed and drive frequency were con-
trolled, so that optically anisotropic layers R-6, G-6 and B-6
had respective thicknesses of 1.26 pm, 1.07 pm and 0.85 pm.
[0388] It was found that the mean tilt angle of rod-like
molecules in the layer corresponding to each R, G and B layer
was 89.90 degree, and the rod-like molecules were aligned
vertically relative to the substrate.

(Production of Color Filter Layer)

[0389] A color filter layer was prepared in the same manner
as Example 1.

(Production of IPS Mode Liquid Crystal Cell)

[0390] A polyimide layer was formed on another surface of
the glass substrate and subjected to a rubbing treatment to
form an alignment layer.

[0391] Another glass substrate was prepared, and on the
glass substrate, as shown in FIG. 5, the electrodes (reference
numerals 2 and 3 in FIG. 5) were provided so as to adjust the
distance between the adjacent electrodes to 20 pm, thereon a
polyimide film was provided as the alignment film, and
rubbed. The rubbing treatment was carried out along with the
direction 4 shown in FIG. 5. Two glass substrates were
stacked and bonded, while opposing the individual alignment
films with each other, keeping a 3.9-um distance (gap; d)
therebetween, and aligning the direction of rubbing of two
glass substrates in parallel with each other, and a nematic
liquid crystal composition having a refractive index anisot-
ropy (An) of 0.0769 and a dielectric constant anisotropy (Ae)
of 4.5 in positive was then filled with the space between the
substrates. The liquid crystal layer was found to have a d-An
value of 300 nm.

[0392] 1InFIGS.5,5a and 55 are directors of liquid crystal
molecules in the black state; and 6a and 65 are directors of
liquid crystal molecules in the white state.

(Production of IPS-LCD)

[0393] Thepolarizer plate 1 was then bonded to one surface
of the IPS-mode liquid crystal cell 1 produced in the above, so
that the transmission axis of the polarizer plate was parallel to
the rubbing direction of the liquid crystal cell, and so that the
surface of the optically anisotropic film B-1 was disposed at
the liquid crystal cell side. Next, on the other side of the
IPS-mode liquid crystal cell, the polarizer plate 2 was bonded
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so that the polycarbonate film, positive A-plate, was disposed
at the liquid crystal cell side, so that the slow axis of the
polycarbonate film was parallel to the rubbing direction of the
liquid crystal cell, and so that the surface of the polycarbonate
film was disposed at the liquid crystal cell side. Then, a liquid
crystal display was produced.

Example 7
Production of Optically Anisotropic Layer

[0394] Optically anisotropic layers R-7, G-7 and B-7 were
prepared in the same manner as Example 5, except that the
thicknesses thereof were different from those of the optically
anisotropic layers R-5, G-5 and B-5.

[0395] The retardations of the layers were measured. The
results are shown in Table 8.
TABLE 8
(nm)
B-7 G-7 R-7
Re 0 0 0
Rth -194 -250 -264

<Production of Color Filter Layer>

[0396] A Color filter comprising R, G and B areas was
produced in the same manner as Example 5.

<Production of IPS mode Liquid Crystal Cell>

[0397] An IPS-mode liquid crystal cell was produced in the
same manner as Example 5.

<Production of Second Optically Anisotropic Layer (Biaxial
Film)>

[0398] The ingredients shown bellow were put into a mix-
ing tank, stirred under heating so as to be dissolved, to thereby
prepare a cellulose acetate solution. The solution was filtrated
by using a filtration paper (No. 63, manufactured by Advan-
tech) with a retention pore of 4 um and filtrated water time of
35 seconds under a pressure of 0.5 MPa(5 kg/cm?)

Formulation of Cellulose Acetate Solution

Cellulose acetate with acetification degree of
60.9% (Polymerization degree = 300,
Mn/Mw = 1.5)

Triphenyl phosphate (plasticizer)

Biphenyl diphenyl phosphate (plasticizer)
Methylene chloride (first solvent)

Methanol (second solvent)

1-butanol (third solvent)

100.0 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass
54 parts by mass
11 parts by mass

[0399] In another mixing tank, 8 parts by mass of a retar-
dation enhancer A described below, 10 parts by mass of
retardation enhancer B described below, 0.28 parts by mass or
silicon dioxide particles (mean particle size: 0.1 um), 80 parts
by mass of methylene chloride, and 20 parts by mass of
methanol were put, stirred under heating, to thereby prepare a
retardation enhancer solution (and also is a particle disper-
sion). The cellulose acetate solutionin an amount 0f474 parts
by mass was mixed with 45 parts by mass of the retardation
enhancer, and thoroughly mixed to prepare a dope.
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OCH;

Retardation enhancer A

Ol IQOCO@COO@CSHI ]

Retardation enhancer B

[0400] The dope was cast on a band using a band casting
machine. The film having the residual solvent content of 15%
by mass was stretched in the length-wise direction by a
stretching ratio of 20% using atenter at 130° C., keptat 50° C.
for 30 seconds while keeping the width after the stretching
unchanged, released from the clips, to thereby form a cellu-
lose acetate film. The residual solvent content upon comple-
tion of the stretching was 5% by mass, and was further low-
ered by drying to as low as less than 0.1% by mass, and
thereby a cellulose acetate film to be used as a second opti-
cally anisotropic layer B-2.

[0401] The thickness of the second optically anisotropic
layer B-2 was 80 pm. Regarding the second optically aniso-
tropic layer B-2, the Re and Rth values at R, G, and B wave-
length were measured by using an automatic birefringence
meter (KOBRA-21ADH from Oji Scientific Instruments).
The results were shown in Table 9.

TABLE 9
(nm)
B G R
Re 69 63 64
Rth 203 195 191

<Production of Polarizer Plate 3 with Second Optically
Anisotropic Layer B-2 (Biaxial Film)>

[0402] Next, the stretched polyvinyl alcohol film was
adsorbed with iodine to thereby produce the polarizer film. A
commercially-available cellulose acetate film (Fujitack
TD8OUF, from FUJIFILM Corporation, Re=3 nm, Rth=45
nm) was saponified. The saponified commercially-available
cellulose acetate film and the optically anisotropic film B-2
were bonded to either surface of the polarizer film using a
polyvinyl alcohol-base adhesive, to thereby produce a polar-
izer plate 3.

(Production of IPS-L.CD)

[0403] Thepolarizer plate 1 was then bonded to one surface
ofthe IPS-mode liquid crystal cell 1 produced in the above, so
that the transmission axis of the polarizer plate was parallel to
the rubbing direction of the liquid crystal cell, and so that the
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surface of the optically anisotropic film B-1 was disposed at
the liquid crystal cell side. Next, on the other side of the
IPS-mode liquid crystal cell, the polarizer plate 3 was bonded
so that the second optically anisotropic layer B-2, biaxial
film, was disposed at the liquid crystal cell side, so that the
slow axis of the B-2 film was parallel to the rubbing direction
of theliquid crystal cell, and so that the surface of the B-2 film
was disposed at the liquid crystal cell side. Then, a liquid
crystal display was produced.

Example 8

Preparation of Coating Liquid AL-8 for Alignment
Layer

[0404] The ingredients shown below were mixed and fil-
trated by using a polypropylene filter with a 30 jum pore size,
thereby to form a coating solution AL-8 for alignment layer.

Formulation of Coating Liquid for Alignment Layer

Polyvinyl alcohol shown below 10 parts by mass
Water 371 parts by mass
Methanol

Glutaraldehyde

119 parts by mass
0.5 parts by mass

p-toluenesulfonic acid 0.3 parts by mass

(Preparation of Coating Liquid LC-8 for Optically Anisotro-
pic Layer)

[0405] A coating liquid L.C-8 was prepared by dissolving
1.8 g of discotic (liquid crystalline) compound shown below,
0.2 g of ethylene-oxide-modified trimethylolpropane triacry-
late (V#360, product of Osaka Organic Chemical Industry,
Ltd.), 0.06 g of photo-polymerization initiator (Irgacure 907,
product of Ciba-Geigy), 0.02 g of sensitizer (Kayacure
DETX, product of Nippon Kayaku Co., Ltd.), and 0.01 g of
polymer capable of promoting vertical alignment at air-intet-
face shown below in 3.9 g of methy] ethyl ketone.

Discotic liquid crystalline compound

R R

R R

= —O—COOO—(CH2)4—OCO—CH=CH2
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-continued
—-CH=CH—+ CH,—CH¥—t CH, —CH 35~ CHy —CH

[9) (6] COZCHchon C02C4Hg COzH

CyHs CoHs

a/b1/b2/b3 = 33/28/33/6
Mw=9000
Polymer capable of promoting vertical alignment at an air interface

(Production of Alignment Layer)

[0406] Droplets of the coating liquid AL-8 for an alignment
layer obtained above were ejected into concave portions (fine
areas) surrounded by the light-shielding barrier wall using a
head of piezo system, which was then dried. Subsequently,
the surface was subjected to a rubbing treatment, to form an
alignment layer AL-8.

(Production of First Optically Anisotropic Layer)

[0407] As an optically anisotropic layer R-8 for R, a layer
having a uniform liquid crystal phase was formed by ejecting
droplets of the coating liquid LC-8 for an optically anisotro-
pic layer obtained above into concave portions (fine areas)
having the alignment layer AL-8 surrounded by the light-
shielding barrier wall using a head of piezo system and then
heating, drying and aging the same at 125° C. for 3 minutes.
Further, just after the aging, the layer was irradiated with a
polarized UV (illuminance 200 mW/cm?, irradiance level:
2000 mJ/cm®) under a nitrogen atmosphere of an oxygen
concentration of 0.3% or less to stabilize the liquid crystal
phase, thereby forming an optically anisotropic layer.
[0408] Optically anisotropic layers G-8, B-8 for G, B were
formed in the similar way. The transfer speed and drive fre-
quency were controlled so that the obtained optically aniso-
tropic layers R-8, G-8 and B-8 had a Re/Rth value of 136
nm/=67 nm, 115 nm/=57 nm and 94 nm/-47 nm respectively.
It was found that the mean tilt angle of discotic molecules in
the layer corresponding to each R, G and B layer was 89.90
degree, and the discotic molecules were aligned vertically
relative to the substrate.

(Production of Color Filter Layer)

[0409] A color filter layer was prepared in the same manner
as Example 1.

(Production of IPS Mode Liquid Crystal Cell)

[0410] A polyimide layer was formed on another surface of
the glass substrate and subjected to a rubbing treatment to
form an alignment layer.

[0411] Another glass substrate was prepared, and on the
glass substrate, as shown in FIG. 5, the electrodes (reference
numerals 2 and 3 in FIG. 5) were provided so as to adjust the
distance between the adjacent electrodes to 20 um, thereon a
polyimide film was provided as the alignment film, and
rubbed. The rubbing treatment was carried out along with the
direction 4 shown in FIG. 5. Two glass substrates were
stacked and bonded, while opposing the individual alignment
films with each other, keeping a 3.9-um distance (gap; d)
therebetween, and aligning the direction of rubbing of two
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glass substrates in parallel with each other, and a nematic
liquid crystal composition having a refractive index anisot-
ropy (An) 0f 0.0769 and a dielectric constant anisotropy (A€)
of 4.5 in positive was then filled with the space between the
substrates. The liquid crystal layer was found to have a d-An
value of 300 nm.

[0412] InFIGS. 5, 5a and 55 are directors of liquid crystal
molecules in the black state; and 6a and 65 are directors of
liquid crystal molecules in the white state.

(Production of Optical Compensation Film 8)

[0413] The ingredients shown bellow were put into a mix-
ing tank, stirred under heating so as to be dissolved, to thereby
prepare a cellulose acetate solution.

Formulation of Cellulose Acetate Solution

Cellulose acetate with acetification degree of
60.9% (Polymerization degree = 300,
Mn/Mw = 1.5)

Triphenyl phosphate (plasticizer)

Biphenyl diphenyl phosphate (plasticizer)
Methylene chloride (first solvent)

Methanol (second solvent)

1-butanol (third solvent)

100.0 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass
54 parts by mass
11 parts by mass

[0414] In another mixing tank, 16 parts by mass of a retar-
dation enhancer described below, 80 parts by mass of meth-
vlene chloride, and 20 parts by mass of methanol were put,
stirred under heating, to thereby prepare a retardation
enhancer solution. The cellulose acetate solution in an
amount of 487 parts by mass was mixed with 7 parts by mass
of the retardation enhancer, and thoroughly mixed to prepare
a dope.

Retardation enhancer
R N R
\( \|(
N\(N
R
R= —NH
CH,
[0415] The dope was cast on a band using a band casting

machine. The film on the band was dried with heating wind of
60° C. for one minute after the film surface temperature was
cooled by 40° C., and, then, the film was peeled off from the
band. The film was dried with dry wind of 140° C. for 10
minutes. Then, a cellulose acetate film 1 having a thickness of
80 pm was obtained.

[0416] Theoptical properties of the obtained film was mea-
sured by using an automatic birefringence meter (KOBRA-
21ADH from Oji Scientific Instruments), and it was found
that the Re and Rth value of the film were 8 nm and 82 nm
respectively.

(Production of IPS-LCD)

[0417] Next, the stretched polyvinyl alcohol film was
adsorbed with iodine to thereby produce the polarizer film.
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The optical compensation film 8 was bonded to a surface of
the polarizer film using a polyvinyl alcohol-base adhesive, so
that the transmission axis of the polarizer film was parallel to
the slow axis of the film 8. A commercially-available cellu-
lose acetate film (Fujitack TD8OUF, from FUJIFILM Corpo-
ration, Re=3 nm, Rth=45 nm) was saponified. The saponified
commercially-available cellulose acetate film was bonded to
another surface of the polarizer film using a polyvinyl alco-
hol-base adhesive, to thereby produce a polarizer plate 4.
[0418] The polarizer plate 4 was bonded to a surface of the
produced IPS liquid crystal cell, so that the slow axis of the
film 8 was parallel to the rubbing direction of the liquid
crystal cell. And a commercially available polarizer plate
(HLC2-5618 manufactured by SANRITSU) was bonded to
another surface of the IPS liquid crystal cell in a crossed-
Nicol arrangement.

Example 9

[0419] An IPS-LCD. comprising a positive C-plate and a
positive A-plate disposed on a colored layer, was produced in
the same manner as Example 1 described in JPA No. 2006-
64858.

Comparative Example 2

[0420] An IPS-LCD was produced in the same manner as
Example 3 and 4 described in JPA No. 2006-78647.
<Bvaluation of LCD regarding Warped>

[0421] The LCD produced in each of Examples 5 to 9 and
Comparative Example 2 was left in an atmosphere with a
temperature of 50° C. and a relative humidity of 95% for 50
hours, and, then, was transferred to an atmosphere with a
temperature of 25° C. and a relative humidity of 60%. After 5
minutes from the transfer, a power source was put therein, and
the liquid crystal cell was peeled off from the LCD and the
warpage amount W (mm) thereof was measured, provided
that, for a concave warpage to the front direction, the sign of
the warpage amount w (mm) was considered positive (+),
and, for a convex warpage to the front direction, the sign of the
warpage amount w(mm) was considered negative (+). The
warpage amount was calculated as a mean value of the dis-
placement values at four corners from the center point of the
panel, which were measured by using a CCD laser displace-
ment gauge (LK-85, manufactured by Keyence Corporation.
[0422] Regarding the LCD cells employed in Examples 5 to
9, no warpage was found. On the other hand, regarding the
LCD cell employed in Comparative Example 2, the warpage
amount was found 5 mm.

<Bvaluation of LCD Regarding viewing Angle Property>
[0423] The viewing angle property of each of LCDs pro-
duced in Examples 5 to 9 and Comparative Example 2 was
evaluated with eye observation. The results were shown in
Table 10.

TABLE 10

Example 5 Viewing angle properties of contrast and color
were good, and no light leakage in the black state
was observed.

Viewing angle properties of contrast and color
were good, and no light leakage in the black state
was observed.

Viewing angle properties of contrast and color
were good, and no light leakage in the black state
was observed.

Example 6

Example 7
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TABLE 10-continued

Example 8 Viewing angle properties of contrast and color
were good, and no light leakage in the black state
was observed.

Example 9 Viewing angle property of color was good, but light
leakage due to the A-plate was observed in the
black state.

Comparative Light leakage due to the warpage of C-plate was

Example 2 observed in the black state.

INDUSTRIAL APPLICABILITY

[0424] According to the invention, utilizing the liquid crys-
tal display device of the invention, itis possible to compensate
optically respective colors inthe liquid crystal cell. The liquid
crystal display device produced according to the process of
the invention which utilizes an ink jet system has a laminated
body of a patterned color filter and optically anisotropic layer
to improve the viewing angle property, in particular the view-
ing angle property color. In addition, according to the inven-
tion, by utilizing an ink jet system, a color filter plate having
an accurately patterned optical anisotropy can be provided
readily.

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0425] This application claims benefit of priority under 35
USC 119 to Japanese Patent Application No. 2006-026706
filed Feb. 3, 2006.

1. A liquid crystal display device comprising:

a first substrate,

a second substrate,

liquid crystal held between the first substrate and the sec-

ond substrate,

patterned layers divided into fine areas, disposed on the

first substrate, comprising at least a patterned color filter
layer and a patterned first optically anisotropic layer
laminated in the direction of the normal line of the sub-
strate, and

a barrier wall disposed at a boundary portion of the adja-

cent fine areas of the patterned layers.

2. The liquid crystal display device of claim 1, wherein the
fine areas are arranged in a matrix shape.

3. The liquid crystal display device of claim 1, wherein the
first optically anisotropic layer is a layer produced according
to aprocess conmprising applying a fluid composition contain-
ing a liquid crystalline compound having at least one reactive
groupto a surface, drying the fluid composition on the surface
to form a liquid crystal phase, and then fixing the liquid
crystal phase with the aid of irradiation of heat or ionizing
radiation.

4. The liquid crystal display device of claim 3, wherein the
ionizing radiation is ultraviolet ray.

5. The liquid crystal display device of claim 3, wherein the
reactive group is an ethylenic unsaturated group.

6. The liquid crystal display device of claim 3, wherein the
fluid composition further comprising at least one type of
radical polymerization initiator.

7. The liquid crystal display device of claim 3, wherein the
liquid crystalline compound is rod-like liquid crystal.

8. The liquid crystal display device of claim 3, wherein the
rod-like liquid crystal has a smectic A phase.
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9. The liquid crystal display device of claim 3, wherein the
rod-like liquid crystal has a nematic phase and/or a smectic A
phase; an intrinsic birefringence at a wavelength A, An(A), of
the nematic and/or smectic A phase satisfies relational
expressions (I) and (1) below:

An(450 nm)/An(550 nm)<1 48]

An(650 nm)/A»(550 nm)>1. I

10. The liquid crystal display device of claim 3, wherein
the liquid crystalline compound is discotic liquid crystalline
compound.

11. The liquid crystal display device of claim 1, wherein
the first optically anisotropic layer comprises discotic liquid
crystalline molecules fixed in a homeotropic alignment state.

12. The liquid crystal display device of claim 3, wherein
the liquid crystal phase is a cholesteric phase.

13. The liquid crystal display device of claim 1, wherein an
in-plane retardation (Re) value of the first optically anisotro-
pic layer is not zero; and the optically anisotropic layer is a
biaxial layer which gives substantially equal retardation val-
ues for light of a wavelength A nm coming respectively in a
direction rotated by +40° and in a direction rotated by -40°
with respect to a normal direction of a layer plane using an
in-plane slow axis as a tilt axis (a rotation axis).

14. The liquid crystal display device of claim 1, wherein
the optically anisotropic layer has an in-plane retardation
(Re) value ranging from 15 to 200 nm, and gives an equal
retardation ranging from 50 to 250 nm when light of a wave-
length A nm coming respectively in a direction rotated by
+40° and by -40° with respect to a normal direction of a layer
plane using an in-plane slow axis as a tilt axis (a rotation axis).

15. The liquid crystal display device of claim 1, wherein
the first optically anisotropic layer is formed on a rubbing-
treated surface of an alignment layer.

16. The liquid crystal display device of claim 1, further
comprising an unpatterned second optically anisotropic, dis-
posed on either the first or the second substrate.

17. The liquid crystal display device of claim 16, employ-
ing a VA mode,

wherein the first optically anisotropic layer is a positive

A-plate, and the second optically anisotropic layer is a
negative C-plate.

18. The liquid crystal display device of claim 17, wherein
the color filter layer comprises red areas, green areas and blue
areas; the areas of the first optically anisotropic layer respec-
tively disposed on or under the red areas, the green areas and
the blue areas have in-plane retardation, Re(Red), Re(green)
and Re(blue) respectively; and the in-plane retardation satisfy
a relational expression below;

Re(Red)>Re(Green)>Re(Blue).

19. The liquid crystal display device of claim 16, employ-
ing an IPS mode,
wherein the first optically anisotropic layer is a positive
C-plate, and the second optically anisotropic layer is a
positive A-plate.
20. The liquid crystal display device of claim 19, wherein
aretardation at a wavelength A, Re()), of the positive A-plate
satisfies relational expressions (IIT) and (Iv) below:

Re(450 nm)/Re(550 nm)<1 n

Re(650 nm)/Re(550 nm)>1. (Iv)
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21. The liquid crystal display device of claim 16, employ-
ing an IPS-mode, wherein the first optically anisotropic layer
is a positive C-plate; and the second optically anisotropic
layer is a biaxial layer which has an in-plane retardation (Re)
value of not zero and gives substantially equal retardation
values for light of a wavelength 2 nm coming respectively in
a direction rotated by +40° and in a direction rotated by -40°
with respect to a normal direction of a layer plane using an
in-plane slow axis as a tilt axis (a rotation axis).

22. The liquid crystal display device of claim 16, wherein
the second optically anisotropic layer has an in-plane retar-
dation (Re) value at 550 nm ranging from 20 to 150 nm, and
an Nz value at 550 nm ranging from 1.5 to 7, provided that Nz
is defined as Nz=(nx-nz)/(nx-ny) based on in-plane refrac-
tive indexes nx and ny (nx>ny) and a thickness direction
refractive index nz.

23. A process for producing a liquid crystal display device
as set forth in claim 1, comprising at least [1a]-[4a] steps
below in this order:

[1a] forming fine areas on a first substrate separated by

barrier walls;

[2a] forming an optically anisotropic layer by ejecting a
fluid composition, capable of exhibiting optical anisot-
ropy, comprising at least one type of liquid crystalline
compound from an ejection head of an ink jet system to
the fine areas according to predetermined positions, dry-
ing the composition to form a liquid crystal phase, and
then exposing the composition;

[3a] forming a color filter layer on the optically anisotropic
layer by ejecting each ink fluid composition for a color
filter from an ejection head of an ink jet system to the
optically anisotropic layer according to predetermined
positions, and then drying the composition; and

[4a] combining the first substrate with a second substrate.

24. A process for producing a liquid crystal display device
as set forth in claim 1, comprising at least [1b]-[4b] steps
below in this order:

[1b] forming fine areas on a first substrate separated by

barrier walls;

[2b] forming a color filter layer on the optically anisotropic
layer by ejecting each ink fluid composition for a color
filter from an ejection head of an ink jet system to the fine
areas according to predetermined positions, and then
drying the composition;

[3b] forming an optically anisotropic layer on the color
filter layer by ejecting a fluid composition, capable of
exhibiting optical anisotropy, comprising at least one
type of liquid crystalline compound from an ejection
head of an ink jet system to the fine areas according to
predetermined positions, drying the composition to
form a liquid crystal phase, and then exposing the com-
position; and

[4b] combining the first substrate with a second substrate.
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25. The process of claim 23, further comprising forming an
alignment layer by rubbing a surface before the [2a] or [3b]
step.

26. A color filter plate comprising:

a substrate,

patterned layers divided into fine areas, disposed on the
substrate, comprising at least a patterned color filter
layer and a patterned first optically anisotropic layer
laminated in the direction of the normal line of the sub-
strate, and

a barrier wall disposed at a boundary portion of the adja-
cent fine areas of the patterned layers.

27. The color filter plate of claim 26, wherein the color
filter layer and the optically anisotropic layer are disposed in
this order on the substrate.

28. The color filter plate of claim 26, wherein the optically
anisotropic layer and the color filter layer are disposed in this
order on the substrate.

29. A process for producing a color filter plate, comprising
at least [1a]-[4a] steps below in this order:

[1a] forming fine areas on a substrate separated by barrier

walls;

[2a] forming an optically anisotropic layer by ejecting a
fluid composition, capable of exhibiting optical anisot-
ropy, comprising at least one type of liquid crystalline
compound from an ejection head of an ink jet system to
the fine areas according to predetermined positions, dry-
ing the composition to form a liquid crystal phase, and
then exposing the composition; and

[3a] forming a color filter layer on the optically anisotropic
layer by ejecting each ink fluid composition for a color
filter from an ejection head of an ink jet system to the
optically anisotropic layer according to predetermined
positions, and then drying the composition.

30. A process for producing a color filter plate, comprising

at least [1b]-[4b] steps below in this order:

[1b] forming fine areas on a substrate separated by barrier
walls;

[2b] forming a color filter layer on the optically anisotropic
layer by ejecting each ink fluid composition for a color
filter from an ejection head of an ink jet system to the fine
areas according to predetermined positions, and then
drying the composition; and

[3b] forming an optically anisotropic layer on the color
filter layer by ejecting a fluid composition, capable of
exhibiting optical anisotropy, comprising at least one
type of liquid crystalline compound from an ejection
head of an ink jet system to the fine areas according to
predetermined positions, drying the composition to
form a liquid crystal phase, and then exposing the com-
position.

31. The process of claim 24, further comprising forming an

alignment layer by rubbing a surface before the [2a] or [3b]
step.
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