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(7) ABSTRACT

A liquid crystal display capable of high-contrast displays, in
which a phase difference control layer is positioned directly
on a liquid crystal layer side of a substrate forming a part of
an LCD, thereby canceling interfacial reflection due to an
adhesive material. At least one of a positive uniaxial phase
layer a including polymerizable liquid crystal molecules and
having an optical axis within a layer plane and a negative
uniaxial phase layer ¢ including polymerizable liquid crystal
molecules and having an optical axis in a normal direction
to that layer plane is patterned on the inner surface at least
one of transparent substrates (1) and (1') with a liquid crystal
layer sandwiched between them.
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FIG 3(b)
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LIQUID CRYSTAL DISPLAY-SPECIFIC
SUBSTRATE HAVING A PHASE DIFFERENCE
CONTROL FUNCTION, AND LIQUID CRYSTAL
DISPLAY USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a Continuation-In-Part application of U.S.
application Ser. No. 10/771,445 filed Feb. 5, 2004, incor-
porated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display-specific substrate having a phase difference control
function and a liquid crystal display using the same, and
more particularly to a liquid crystal display-specific sub-
strate having a phase difference control layer patterned in a
liquid crystal cell and a liquid crystal display using the same.

[0003] Having low-profile, low-mass, low power con-
sumption and flickerless features, color liquid crystal dis-
plays (hereinafter referred to as LCD for a liquid crystal
display) have boomed especially for notebook PCs. More
recently, demand is growing for desktop monitors larger
than notebook PCs as part of such PC-dedicated displays.
LCDs are now used not only for PCs, but also for TVs for
which CRTs have so far been mainly employed.

[0004] A grave problem with LCDs is a limited viewing
angle. This is because when an LCD is viewed from an
oblique direction, there is leakage of light from some pixels
designed originally for black displays, which otherwise
causes inversion of contrast, ending up with improper dis-
plays. With such defects in mind, there is developed a
wide-viewing angle, vertical alignment mode LCD using a
retardation film, which is free from any light leakage even
with viewing angle increases in black display pixels, as set
forth in Patent Publication 1 and Patent Publication 2.

[0005] Patent Publication 1
[0006] IP-A 10-153802

[0007] Patent Publication 2
[0008] JP-A 11-258605

[0009] Patent Publication 3
[0010] JP-A 7-258638

[0011] Patent Publication 4
[0012] IP-A 10-508882

[0013] Commonly, such a retardation film is affixed to a

polarizing plate with optical axes positioned at a specific
angle (an absorption axis in the case of the polarizing plate
and an optical axis in the case of the retardation film).
However, there is a low display contrast due to the interfa-
cial reflection of light, because the refractive index of the
adhesive used therewith is lower than those of the polarizing
plate and retardation film.

[0014] With phase difference compensation having asso-
ciated chromatic dispersion, compensation is generally
made with emphasis on a specific wavelength. Often, phase
difference compensation is performed with emphasis on
green having the highest spectral luminous efficacy. For this
reason, black display pixels can never be displayed in
perfectly pure black, with leakages of red and blue light
components, resulting in purplish black displays.
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[0015] Another defect of the retardation film is that screen
distortion occurs when applied to LCDs, because its volume
varies upon absorption of moisture, causing phase difference
variations. The larger the area of the retardation film, the
more outstanding this tendency becomes, offering a particu-
lar problem in conjunction with liquid crystal TVs now
under development in many aspects.

SUMMARY OF THE INVENTION

[0016] In view of such problems with the prior art as
described above, one object of the invention is to make high
contrast displays possible by the direct location on the liquid
crystal layer side of a substrate forming a part of an LCD of
a phase difference control layer that is usually used in a film
state, thereby canceling interfacial reflection due to an
adhesive material.

[0017] Another object of the invention is to provide a
substrate of in-cell structure, which can be stacked directly
on a substrate such as a transparent substrate or a color filter,
thereby preventing any volume change due to the absorption
of moisture, which is inherently found in conventional
retardation films.

[0018] Yet another object of the invention is to provide a
phase difference layer according to a pattern comprising
areas associated with R (red), G (green) and B (blue), so that
phase differences are separately controlled in the respective
color areas, thereby making compensation for phase differ-
ences with no chromatic dispersion.

[0019] To accomplish the above objects, the present
invention provides a liquid crystal display-specific substrate
having a phase difference control function, used for trans-
parent substrates with a liquid crystal layer in a liquid crystal
display sandwiched between them, characterized in that: at
least one of a positive uniaxial phase layer comprising
polymerizable liquid crystal molecules and having an optical
axis within a layer plane or a negative uniaxial phase layer
comprising polymerizable liquid crystal molecules and hav-
ing an optical axis in a normal direction to said layer plane
is patterned on the liquid crystal layer side.

[0020] Preferably in this aspect of the invention, the
negative uniaxial phase layer comprising polymerizable
liquid crystal molecules and having an optical axis in the
normal direction to the layer plane comprises a mixture of
polymerizable liquid crystal molecules and a chiral agent.

[0021] According to another aspect of the invention, there
is provided a liquid crystal display-specific substrate having
a phase difference control function, used for transparent
substrates with a liquid crystal layer in a liquid crystal
display sandwiched between said transparent substrates,
characterized in that:

[0022] an alignment film, a positive uniaxial phase layer
comprising polymerizable liquid crystal molecules and hav-
ing an optical axis within a layer plane, and a negative
uniaxial phase layer comprising polymerizable liquid crystal
molecules and having an optical axis in a normal direction
to said layer plane are stacked in this order on a liquid crystal
layer side.

[0023] Preferably in this aspect of the invention, an addi-
tional alignment film is interposed between said positive
uniaxial phase layer comprising polymerizable liquid crystal
molecules and having an optical axis within a layer plane
and said negative uniaxial phase layer comprising polymer-
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izable liquid crystal molecules and having an optical axis in
a normal direction to said layer plane.

[0024] 1In the first aspect of the invention, one of said
positive uniaxial phase layer having an optical axis within a
layer plane or said negative uniaxial phase layer having an
optical axis in a normal direction to said layer plane could
be applied in a film state to the liquid crystal layer opposite
side of said transparent substrates between which said liquid
crystal layer in said liquid crystal display is sandwiched.

[0025] Preferably, the liquid crystal display-specific sub-
strate having a phase difference control function, obtained
by patterning of at least one of a positive uniaxial phase
layer comprising polymerizable liquid crystal molecules and
having an optical axis within a layer plane or a negative
uniaxial phase layer comprising polymerizable liquid crystal
molecules and having an optical axis in a normal direction
to said layer plane, comprises three-color areas of red, green
and blue, and at least one of said phase difference control
layers is patterned in alignment with said three-color areas
for red, green and blue.

[0026] Preferably in the first and second aspects of the
invention, the liquid crystal layer aligns in the vertical
alignment mode.

[0027] Generally in the first and second aspects of the
invention, the liquid crystal molecules used for said vertical
alignment mode liquid crystal layer has a refractive index
anisotropy of 0.05 to 0.30; the polymerizable liquid crystal
molecules used as said phase layers have a refractive index
anisotropy of 0.05 to 0.30; the vertical alignment mode
liquid crystal layer has a thickness of 1.0 pm to 6.0 um; and
the phase layers comprising polymerizable liquid crystal
molecules have a thickness of 0.1 pm to 10.0 pm.

[0028] The present invention also includes a liquid crystal
display using one of the above liquid crystal display-specific
substrate having a phase difference control function.

[0029] Thus, the present invention provides a liquid crys-
tal display-specific substrate having a phase difference con-
trol function and a liquid crystal display using the same,
wherein on a substrate of transparent substrates between
which a liquid crystal layer in the liquid crystal display is
sandwiched, said substrate being located on the liquid crys-
tal layer side, there is patterned at least one of a positive
uniaxial phase layer comprising polymerizable liquid crystal
molecules and having an optical axis within a layer plane
and a negative uniaxial phase layer comprising polymeriz-
able liquid crystal molecules and having an optical axis in a
normal direction to the layer plane. It is thus possible to
pattern a retardation film—that is usually affixed to the
outside of a liquid crystal cell so as to widen a viewing
angle—directly on the transparent substrate forming part of
the liquid crystal cell and include it within the liquid crystal
cell. Therefore, it is possible to provide a high-quality liquid
crystal display that can prevent a lowering of contrast due to
adhesive’s interfacial reflection with limited chromatic dis-
persion, especially a vertical alignment mode liquid crystal
display.

[0030] Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from the
specification.

[0031] The invention accordingly comprises the features
of construction, combinations of elements, and arrangement
of parts, which will be exemplified in the construction
hereinafter set forth, and the scope of the invention will be
indicated in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIGS. 1(a), 1(6) and 1(c) are schematically illus-
trative of liquid crystal cell sections of one embodiment of
the liquid crystal display according to the invention.

[0033] FIGS. 2(a) and 2(b) are exploded perspectives
illustrative schematically of one possible arrangement of a
liquid crystal display in which at least one of a positive A
plate and a negative C plate is located in a liquid crystal cell
according to the invention.

[0034] FIGS. 3(a) and 3(b) are exploded perspectives
illustrative schematically of another possible arrangement of
the liquid crystal display in which at least one of a positive
A plate and a negative C plate is located in a liquid crystal
cell according to the invention.

[0035] FIGS. 4(a) and 4(b) are exploded perspectives
illustrative schematically of yet another possible arrange-
ment of the liquid crystal display in which at least one of a
positive A plate and a negative C plate is located in a liquid
crystal cell according to the invention.

[0036] FIG. 5 is illustrative of how B light leaks from an
MVA mode liquid crystal display upon black displays, in
which an MVA mode LCD color filter having a phase
difference control function is provided according to one
embodiment of the invention, together with a comparative
control.

[0037] FIG. 6 is illustrative of how G light leaks from an
MVA mode liquid crystal display upon black displays, in
which an MVA mode LCD color filter having a phase
difference control function is provided according to one
embodiment of the invention, together with a comparative
control.

[0038] FIG. 7 is illustrative of how R light leaks from an
MVA mode liquid crystal display upon black displays, in
which an MVA mode LCD color filter having a phase
difference control function is provided according to one
embodiment of the invention, together with a comparative
control.

[0039] FIGS. 8(a) and 8(b) are illustrative of a positive
uniaxial phase layer having an optical axis in a layer plane
and a negative uniaxial phase layer having an optical axis in
a normal direction to the phase plane.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] The rudimental principles of the phase difference
compensation used herein are known from, e.g., Patent
Publication 2. This phase difference compensation is now
explained.

[0041] For the phase difference control layer structure
used herein, a positive phase layer having an optical axis
within a layer plane and a negative phase layer having an
optical axis in a normal direction to that layer plane are used.

[0042] Two such phase layers are now explained with
reference to FIGS. 8(a) and 8(b). Here, a z-axis is defined in
a normal direction to a layer plane S and x- and y-axes are
done in orthogonal directions in that layer plane S, with the
refractive indices in the x-, y- and z-axis directions given by
n,, n, and n,, respectively. As shown in FIG. 8(a), a phase
layer having the relation n,>n =n, provides an optically
positive, uniaxial phase layer in that layer plane S, herein-
after called a positive A plate. As shown in FIG. 8(b), a
phase layer having the relation n,=n >n, provides an opti-
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cally negative, uniaxial phase layer in the normal direction
to that layer plane S, hereinafter called a negative C plate.

[0043] For instance, such a positive A plate may be
obtained by planar alignment of nematic polymerizable
liquid crystal molecules having positive refractive index
anisotropy within the layer plane, and the negative C plate
may be obtained by mixing a chiral agent with such liquid
crystals and twisting the helical axis in the normal direction
to the layer phase.

[0044] Referring here to an LCD of the vertical alignment
(VA) mode, at no applied voltage, the liquid crystal mol-
ecules in a liquid crystal cell line up in a substantially
vertical direction to a substrate to provide black displays. At
an applied voltage, the liquid crystal molecules line up in a
substantially parallel direction to the substrate to provide
white displays. As typically set forth in Patent Publication 2,
the positive A plate and negative C plate are located between
the liquid crystal cell and one polarizing plate in such a way
that the A plate is positioned on the polarizing plate side
while the C plate is positioned on the liquid crystal cell side,
thereby reducing leakage of light from a black display pixel
upon viewing from an oblique direction. Problems with such
an arrangement are, however, that it is required that, as
already described, the positive A plate be affixed to the
polarizing plate and the negative C plate to the liquid crystal
cell substrate with the use of an adhesive having a different
refractive index; there is reflection of light at an interface,
which otherwise causes a display contrast decrease or other
defects.

[0045] 1In accordance with the liquid crystal display of the
invention as shown in FIGS. 1(a), 1(b) and 1(c) illustrative
schematically of liquid crystal cell sections of that liquid
crystal display, therefore, a positive A plate a and a negative
C plate c are located inside of transparent substrates 1, 1'
forming part of a liquid crystal cell while they are stacked on
one of those transparent substrates (substrate 1 in FIG.
1(a)). It 1s here noted that reference numeral 2 are sealing
members for making seals between the transparent sub-
strates 1 and 1' to form the liquid crystal cell, reference
numeral 3 is a liquid crystal layer of the VA mode, and
reference numeral 4 is an RGB color filter (a filter element
for transmitting red is indicated at “R”, a filter element for
transmitting green at “G”, and a filter element for transmit-
ting blue at “B”). It is also noted that the alignment layer for
aligning the liquid crystal layer 3, the electrode layers, the
TFTs for controlling the respective pixels, etc. are all not
shown.

[0046] FIG. 1(a) is directed to a liquid crystal cell capable
of black-and-white displays with no color filter, and FIGS.
1(b) and 1(c) are each directed to a liquid crystal cell capable
of color displays, with a color filter 4 mounted thereon. In
the color display liquid crystal cell, it is acceptable that the
color filter 4 is stacked on the substrate 1 with the positive
A plate a and negative C plate ¢ placed thereon, as shown in
FIG. 1(b). However, it is preferable that, as shown in FIG.
1(c), the positive A plate a and negative C plate ¢ are stacked
on the transparent substrate 1 or 1' with the color filter 4
placed on the C plate c¢. The reason is that the optimum
thickness of phase difference control layers such as the
positive A plate a and negative C plate ¢ varies with R, G and
B wavelengths because of incidental chromatic dispersion.
Specifically, the order of thickness should be thickness of the
R area>thickness of the G area>thickness of the B area
provided that such areas are formed of the same material. To
this end, the positive A plate a and negative C plate ¢ should
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preferably be prepared by patterning for each R, G, B pixel,
as shown in FIG. 1(c). However, this causes some levels
among the pixels. To make compensation for such levels
among the pixels thereby allowing the liquid crystal layer 3
to have uniform thickness, it is preferable to rely upon the
arrangement of FIG. 1(¢) wherein the R, G, B elements of
the color filter 4 can vary in thickness. For the arrangement
as shown in FIG. 1(5), it is desired that some protective
layer varying in thickness among the pixels be provided on
the C plate ¢ to make compensation for such levels among
the pixels.

[0047] FIGS. 2(a), 2(b), FIGS. 3(a) and 3(b) and FIGS.
4(a) and 4(b) are exploded perspectives illustrative of pos-
sible arrangements of a liquid crystal display in which at
least one of a positive A plate a and a negative C plate c is
located in a liquid crystal cell according to the invention. It
is here noted that sealing members, an alignment layer,
electrode layers, TFTs, etc. are all not shown. While, in these
figures, the positive A plate a and negative C plate ¢ are
shown to be separated from each other, it should be under-
stood that they are actually stacked directly on the substrate
1 or 1' via an alignment layer (as shown in FIG. 1(5), the
color filter 4 is often used). It is also understood that, as
shown in FIGS. 4(a) and 4(5), only one of the positive A
plate a and negative C plate ¢ could be located in the liquid
crystal cell.

[0048] FIGS. 2(a), 2(b), FIGS. 3(e) and 3(b) and FIGS.
4(a) and 4(b) are now briefly explained. A liquid crystal cell
comprises two transparent substrates 1 and 1' and a liquid
crystal layer 3 sandwiched between them, and two polariz-
ing plates 5 and §' with absorption axes 6 crossing at right
angles in a cross polarization state are located on both sides
of the liquid crystal cell to set up a liquid crystal display.

[0049] Referring specifically to FIG. 2(a), the positive A
plate a and negative C plate c are stacked on the inside of the
transparent substrate 1 while the positive A plate a is
positioned on the polarizing plate 5 side and the negative C
plate ¢ is positioned on the liquid crystal layer 3 side.

[0050] Referring to FIG. 2(b), the negative C plate ¢ and
positive A plate a are separated from each other; the negative
C plate c is positioned on the inside of the transparent
substrate 1 and the positive A plate a is positioned on the
inside of the transparent substrate 1'.

[0051] FIG. 3(a) in contrast to FIG. 2(b), the positive A
plate a and negative C plate ¢ are separated from each other;
the positive A plate a is positioned on the inside of the
transparent substrate 1 and the negative C plate ¢ is posi-
tioned on the inside of the transparent substrate 1'.

[0052] Referring to FIG. 3(b) in contrast to FIG. 2(a), the
positive A plate a and negative C plate ¢ are stacked on the
inside of the transparent substrate 1' while the positive A
plate a is positioned on the polarizing plate 5' side and the
negative C plate ¢ is positioned on the liquid crystal layer 3
side.

[0053] Referring to FIG. 4(a), the positive A plate a is
stacked on the inside of the transparent substrate 1 whereas
the negative C plate ¢ is stacked on the outside of the
transparent plate 1'.

[0054] Referring to FIG. 4(b), the negative C plate ¢ is put
on the inside of the transparent substrate 1' whereas the
positive A plate a is put on the outside of the transparent
substrate 1.

[0055] Commonly to these embodiments, the positive A
plate a adjacent to the polarizing plate 5, 5' is located in such



US 2006/0203160 A1

N

a way that its optical axis crosses at right angles with the
absorption axis 6 of the polarizing plate 5, 5'.

[0056] According to the aforesaid arrangements of the
invention, there can be provided a high-contrast, wide-
viewing angle VA mode LCD with limited interfacial
reflected light, because the whole or a part of the phase
difference control layers (the positive A plate a and negative
C plate c) that have so far been affixed to the outside of a
liquid crystal cell is located in the liquid crystal cell using
polymerizable liquid crystal molecules, as shown in FIGS.
2(a) and 2(b), FIGS. 3(a) and 3(b) and FIGS. 4(a) and 4(b).
When only one of the positive A plate a or the negative C
plate ¢ is located on the outside of the liquid crystal cell, too,
there can be provided a high-contrast, wide-viewing angle
VA mode LCD with limited interfacial reflected light,
because it can be mounted on the outside of the transparent
substrate 1, 1' by the direct use of polymerizable liquid
crystal molecules. It is also understood that the positive A
plate a or the negative C plate ¢ located on the outside of the

H,C=CHCO(CH,)50 €00

5
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H,C=CHCO(CH,),0 €00

0
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HC=CHCO(CH,)40 CO0 0CO

H,C=CHCO,(CH,);0 €00 0CO

H,C==CHCO,(CH,):0 o0 0Co

H,C=CHCO,(CH,):0 €00
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transparent substrate 1, 1' could be prepared by using a
uniaxially or biaxially stretched transparent polycarbonate
or other polymeric film as is the case with the prior art rather
than by the direct use of polymerizable liquid crystal mol-
ecules.

[0057] The liquid crystal monomer molecules (polymer-
izable liquid crystal molecules) capable of three-dimen-
sional crosslinking thereby forming phase difference control
layers usable as the positive A plate a and negative C plate
c in the invention, for instance, include mixtures of liquid
crystal monomers and chiral compounds such as those
disclosed in Patent Publications 3 and 4. Exemplary such
polymerizable liquid crystal materials include such com-
pounds as included in the following general formula 11 and
mixtures of two or more of compounds having chemical
formulae 1 to 10. In the liquid crystal monomers represented
by general chemical formula 11, X should preferably be an
integer of 2 to 3.

CHEMICAL FORMULA 1

Co0 O(CH,)0,CHC=CH,

CHEMICAL FORMULA 2

CHEMICAL FORMULA 3
OO(CHZj;4OZCHC=CHZ

CHEMICAL FORMULA 4
OO(CHZ)3OZCHC=CHZ

CHEMICAL FORMULA 5
OO(CHZ)5OZCHC=CHZ

CHEMICAL FORMULA 6

CH,CH(CH,)C,Hs
CHEMICAL FORMULA 7
CH,CE(CH,)C,Hs
CHEMICAL FORMULA 8
CHEMICAL FORMULA 9

O(CH,};0,CHC==CH,
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-continued
CHEMICAL FORMULA 10

H2C=CHCOZ(CH2)4O—©—COO O
Q COOOO(CH2)4OZCHC=CH2

CHEMICAL FORMULA 11

CH;
H2C=CHCOz(CHz)XOCOOOCOOGOCOOOOCO(CszX02CHC=H2C

[0058] As the chiral agent, those having chemical struc-
tures represented by the following formulae (12) to (14) are
suitably usable.

CHEMICAL FORMULA 12 CHEMICAL FORMULA 13
(|)| R4 0
0— —Y—O—(CHZ)X—O—lc—CHZ 0—C—Y—0—(CH,),—CH;
¢}
(|)| R4 0
0—C—Y—0—(CH,),—0—C—CH, 0—C—Y—0—(CH,),—CH;
CHEMICAL FORMULA 14
Q [¢]
0 \
H,C=CHCO,(CH,),0C00 COO@_” o —{ong ﬁ 00C OOCOX(H,C)0,CHC=CH,
C
\O\\‘,‘ (6]
[0059] In the chiral agents represented by the above for-
mulae (12) and (13), Y stands for either one selected from -continued
the substituents represented by the following formulae (i) to
(xxiv), and R, stands for hydrogen or a methyl group. (iif)

Preferably in the above formulae (12) and (13), X is an
integer of 2 to 12.

[0060] Preferably in the chiral agent represented by the
above formula (14), X is an integer of 2 to 5.

e
SR ¢

00

(iv)

)
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-continued
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(xiv)
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-continued
(xix)
0}
|
\©/C\©\
(xx)
0]
|
/©/ C\©/
(xxi)
(€]
< > I
CH=CH—C
(xxii)
(6]
< > I < >
C—CH=CH
(xxiil)
(xxiv)

[0061] Embodiments of the liquid crystal display-dedi-
cated substrate having a phase difference control function
according to the invention and a liquid crystal display using
the same are now explained in further detail. The liquid

crystal display works in the MVA (multi-domain-vertical
alignment) mode.

[0062] (1) Preparation of the Underlying Substrate

[0063] First, a glass substrate (1737 Matetial made by
Coning Co., Ltd.) was provided as a suitably washed sub-
strate. Then, using AL1254 (made by JSR) as an alignment
film material, an alignment film was formed on that glass
substrate by means of flexography.

[0064] Subsequently, the alignment film was rubbed in a
known manner to obtain an underlying substrate. While the
glass substrate is used as the substrate in this embodiment,
it is understood that plastic substrates comprising polycar-
bonate, polymethyl methacrylate, polyethylene terephtha-
late, triacetyalcellulose, etc., too, could be used. Besides,
films such as polyether sulfone, polysulfone, polypropylene,
polyimide, polyamide-imide or polyether ketone films could
be used.

[0065] (2) Ink Preparation

[0066] A polymerizable liquid crystal ink was prepared as
an ink for the positive A plate phase difference control layer
by mixing together 75 parts by weight of liquid crystal
material having polymerizable acrylate groups at both ter-
minals with a spacer between the center mesogen and the
acrylate, 1 part by weight of a photo-polymerization initiator
Irgacure Irg184 (made by Chiba Speciality Chemicals Co.,
Ltd.) and 25 parts by weight of a solvent toluene.
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[0067] Polymerizable liquid crystal material for the nega-
tive C plate phase difference control layer was prepared with
the addition to the aforesaid ink for the A plate phase
difference control layer of 5 parts by weight of a chiral agent
material having polymerizable acrylate groups at both ter-
minals.

[0068] (3) Formation of the Positive a Plate Phase Differ-
ence Control Layer

[0069] The thus prepared ink was coated on the substrate
with the alignment film formed thereon, using spin coating.
While spin coating is used in this embodiment, it is undetr-
stood that other coating processes such as die coating or slit
coating could be used alone or in combination of two or
more, provided that a uniform coating can be obtained on the
substrate.

[0070] Subsequently, that substrate was heated at 100° C.
for 5 minutes on a hot plate for removal of solvent residues,
thereby growing a liquid crystal structure.

[0071] Subsequently, the coated liquid crystal film was
irradiated with ultraviolet radiation (10 J/cm?; 365 nm
wavelength) through a photomask to bake a pattern on only
a portion to be provided with green pixels in a later step.

[0072] Finally, the substrate was dipped in a developer
methanol for 3 minutes for removal of unexposed liquid
crystal film portions, rinsed with pure water for 1 minute,
and then heated for 10 minutes on a 100° C. hot plate for
thorough drying, thereby obtaining a positive A plate phase
difference control layer at a thickness of 1.0 um.

[0073] Positive A plate phase difference control layers for
blue and red pixels were prepared at similar coating and
patterning steps with varying thickness. The thickness was
0.8 um for blue, and 1.2 um for red.

[0074] (4) Formation of the Negative C Plate Phase Dif-
ference Control Layer

[0075] Using the ink for the negative C plate phase
difference control layer, the negative C plate phase differ-
ence control layer was patterned at a thickness of 2.5 um on
the substrate used in (1) to (3) above by a process similar to
that for the positive A plate phase difference control layer,
thereby stacking the negative C plate phase difference
control layer directly on the positive A plate phase difference
control layer. While the negative C plate phase difference
control layer was stacked directly on the positive A plate
phase difference control layer in this embodiment, it is
understood that the positive A plate phase difference control
layer and negative C plate phase difference control layer
could be each located on the inside or outside of the
substrate on the backlight side or the viewing side, as shown
in FIGS. 2-4; any of the arrangements of FIGS. 2(¢) and
2(b), FIGS. 3(a) and 3(b) and FIGS. 4(a) and 4(b) could be
used without reservation.

[0076] Such coating and patterning as described above
were further conducted for blue and red pixels at a thickness
of 2.6 um, and 2.4 um, respectively.

[0077]

[0078] On the substrate with a stack of the above positive
A and negative C plate phase difference control layers
provided thereon, a color filter comprising a black matrix
and an RGB colored pixel pattern was formed by a known

(5) Formation of the Color Filter
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technique in such a way that the RGB colored pixel pattern
varied in thickness with R, G and B elements to make
compensation for levels among the pixels, thereby making
the VA mode liquid crystal layer uniform, as shown in FIG.

1(c).

[0079] Next, an ITO film electrode was formed at a
thickness of 2,000 A by means of sputtering, and projections
for controlling the alignment direction of liquid crystal
molecules were then provided in four-divided alignment
directions in such a way as to provide the same area in each
alignment direction.

[0080] Inthe instant embodiment, the color filter layer was
provided on the stack of the phase difference control layers.
According to the invention, however, it is understood that
the color filter layer is not necessarily mounted in that
position; it could be located within the two opposing glass
substrates.

[0081]

[0082] After a vertical alignment film was provided on the
thus obtained MVA mode LCD color filter having a phase
difference control function, the stack was affixed to an
opposing substrate with a gap located between them, and a
liquid crystal MLC-6608 (made by Merck & Co., Inc.)
having negative dielectric anisotropy was poured in that gap
to obtain an MVA mode liquid crystal display.

[0083] Leakage of light from the obtained MVA mode
liquid crystal display upon black displays is shown in FIGS.
5-7 along with that from a comparative display having no
phase difference control layers. In each figure, the light
leakage of the control embodiment is shown on the left side
and that of the inventive embodiment on the right side. For
measurement, EZContrast 160R (made by ELDIM) was
used. In FIG. 5, 2 450 nm light source was used for B (blue);
in FIG. 6, a 550 nm light source for G (green); and in FIG.
7, a 610 nm light source for R (red). While the light was
entered in each liquid crystal display in a black state, the
ensuing light leakage was studied through an azimuth angle
of 360° and a polar angle of 80°. The azimuth angles of the
absorption axes of two polarizing plates were 45° and 135°.
In FIGS. 5-7, it is noted that the center of circle has a polar
angle of 0° and the periphery of circle has a polar angle of
80°. It is thus seen that at the respective wavelengths, light
leakage at the azimuth angles of 0°, 90°, 180° and 270° is
much reduced as compared with that in the control embodi-
ment.

[0084] In the invention, the alignment layer and phase
difference control layers can be formed on only the respec-
tive effective display areas by means of patterning and the
stack is affixed to the opposing substrate with the sealing
member 2 (FIGS. 1(a) and 1()) located on the glass surface,
so that reliable sealing can be achieved, providing a liquid
crystal display having improved robustness. It is then
desired that the patterned outermost end face of each phase
difference control layer be positioned at least 50 pm
inwardly of the affixed (sealed) portion of the sealing
member 2.

[0085] For the invention, an alignment film is required for
the alignment of polymerizable liquid crystal molecules.
Especially for the attachment of the first positive A plate a
or negative C plate ¢ onto the substrate, the alignment film
is essentially required. When the negative C plate ¢ is

(6) Construction of the Vertical Alignment Display
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stacked on the positive A plate a, the underlying positive A
plate a may be allowed to function as a kind of alignment
film; however, more reliable alignment is achievable by the
use of the second or another alignment film.

[0086] Generally in the invention, the refractive index
anisotropy—a value obtained by subtracting ordinary index
from extraordinary index—is in the range of 0.05 to 0.30;
the refractive index anisotropy of the polymerizable liquid
crystal molecules used as the positive A plate a or the
negative C plate ¢ is in the rang of 0.05 to 0.30; the cell gap
(the thickness of the liquid crystal layer 3) of the liquid
crystal cell is in the range of 1.0 um to 6.0 um, and the
thickness of the positive A plate a or negative C plate ¢
comprising polymerizable liquid crystal molecules is in the
range of 0.1 pm to 10.0 pm.

[0087] While the liquid crystal display-specific substrate
having a phase difference control function according to the
invention and the liquid crystal display using the same have
been described with reference to the principles and embodi-
ments of the invention, it should be understood that the
invention is in no sense limited thereto, and so many
modifications could be possible.

[0088] As can be appreciated from the foregoing, the
present invention provides a liquid crystal display-specific
substrate having a phase difference control function and a
liquid crystal display using the same, wherein on a substrate
of transparent substrates between which a liquid crystal
layer in the liquid crystal display is sandwiched, said sub-
strate being located on the liquid crystal layer side, there is
patterned at least one of a positive uniaxial phase layer
comprising polymerizable liquid crystal molecules and hav-
ing an optical axis within a layer plane and a negative
uniaxial phase layer comprising polymerizable liquid crystal
molecules and having an optical axis in a normal direction
to the layer plane. It is thus possible to pattern a retardation
film—that is usually affixed to the outside of a liquid crystal
cell so as to widen a viewing angle—directly on the trans-
parent substrate forming part of the liquid crystal cell and
include it within the liquid crystal cell. Therefore, it is
possible to provide a high-quality liquid crystal display that
can prevent a lowering of contrast due to adhesive’s intet-
facial reflection with limited chromatic dispersion, espe-
cially a vertical alignment mode liquid crystal display.

1-20. (canceled)

21. A liquid crystal display-specific substrate having a
phase difference control function, used for transparent sub-
strates with a liquid crystal layer in a liquid crystal display
sandwiched between said transparent substrates, wherein:

at least one of a positive uniaxial phase layer comprising
polymerizable liquid crystal molecules and having an
optical axis within a layer plane or a negative uniaxial
phase layer comprising polymerizable liquid crystal
molecules and having an optical axis in a normal
direction to said layer plane is patterned on a liquid
crystal layer side.

22. The liquid crystal display-specific substrate having a
phase difference control function according to claim 21,
wherein said negative uniaxial phase layer comprising poly-
merizable liquid crystal molecules and having an optical
axis in a normal direction to said layer plane comprises a
mixture of polymerizable liquid crystal molecules and a
chiral agent.
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23. A liquid crystal display-specific substrate having a
phase difference control function, used for transparent sub-
strates with a liquid crystal layer in a liquid crystal display
sandwiched between said transparent substrates, wherein:

an alignment film, a positive uniaxial phase layer com-
prising polymerizable liquid crystal molecules and hav-
ing an optical axis within a layer plane, and a negative
uniaxial phase layer comprising polymerizable liquid
crystal molecules and having an optical axis in a
normal direction to said layer plane are stacked in this
order on a liquid crystal layer side.

24. The liquid crystal display-specific substrate having a
phase difference control function according to claim 23,
which further comprises an additional alignment film
between said positive uniaxial phase layer comprising poly-
merizable liquid crystal molecules and having an optical
axis within a layer plane and said negative uniaxial phase
layer comprising polymerizable liquid crystal molecules and
having an optical axis in a normal direction to said layer
plane.

25. The liquid crystal display-specific substrate having a
phase difference control function according to claim 21,
wherein one of said positive uniaxial phase layer having an
optical axis within a layer plane or said negative uniaxial
phase layer having an optical axis in a normal direction to
said layer plane is applied in a film state to a liquid crystal
layer opposite side of said transparent substrates between
which said liquid crystal layer in said liquid crystal display
is sandwiched.

26. The liquid crystal display-specific substrate having a
phase difference control function according to any one of
claims 21 to 25, wherein:

said liquid crystal display-specific substrate having a
phase difference control function, obtained by pattern-
ing of at least one of a positive uniaxial phase layer
comprising polymerizable liquid crystal molecules and
having an optical axis within a layer plane or a negative
uniaxial phase layer comprising polymerizable liquid
crystal molecules and having an optical axis in a
normal direction to said layer plane, comprises three-
color areas of red, green and blue, and at least one of
said phase difference control layers is patterned in
alignment with said three-color areas for red, green and
blue.

27. The liquid crystal display-specific substrate having a
phase difference control function according to claim 21,
wherein said liquid crystal layer aligns in a vertical mode.

28. The liquid crystal display-specific substrate having a
phase difference control function according to claim 27,
wherein said liquid crystal molecules used for said vertical
alignment mode liquid crystal layer has a refractive index
anisotropy of 0.05 to 0.30, and said polymerizable liquid
crystal molecules used as said phase layers have a refractive
index anisotropy of 0.05 to 0.30.

29. The liquid crystal display-specific substrate having a
phase difference control function according to claim 27 or
28, wherein said vertical alignment mode liquid crystal layer
has a thickness of 1.0 um to 6.0 um, and said phase layers
comprising polymerizable liquid crystal molecules have a
thickness of 0.1 pm to 10.0 pm.

30. A liquid crystal display comprising transparent sub-
strates between which a liquid crystal layer is sandwiched,
wherein:
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at least one of a positive uniaxial phase layer comprising
polymerizable liquid crystal molecules and having an
optical axis within a layer plane or a negative uniaxial
phase layer comprising polymerizable liquid crystal
molecules and having an optical axis in a normal
direction to said layer plane is patterned on an inner
surface of said transparent substrates.

31. The liquid crystal display according to claim 30,
wherein said negative uniaxial phase layer comprising poly-
merizable liquid crystal molecules and having an optical
axis in a normal direction to said layer plane comprises a
mixture of polymerizable liquid crystal molecules and a
chiral agent.

32. A liquid crystal display, wherein:

an alignment film, a positive uniaxial phase layer com-
prising polymerizable liquid crystal molecules and hav-
ing an optical axis within a layer plane, and a negative
uniaxial phase layer comprising polymerizable liquid
crystal molecules and having an optical axis in a
normal direction to said layer plane are stacked in this
order on an inner surface of one of transparent sub-
strates between which a liquid crystal layer is sand-
wiched.

33. The liquid crystal display according to claim 32,
which further comprises an additional alignment film
between said positive uniaxial phase layer comprising poly-
merizable liquid crystal molecules and having an optical
axis within a layer plane and said negative uniaxial phase
layer comprising polymerizable liquid crystal molecules and
having an optical axis in a normal direction to said layer
plane.

34. The liquid crystal display according to claim 30,
wherein one of said positive uniaxial phase layer having an
optical axis within a layer plane or said negative uniaxial
phase layer having an optical axis in a normal direction to
said layer plane is applied in a film state to a liquid crystal
layer opposite side of said transparent substrates between
which said liquid crystal layer is sandwiched.

35. The liquid crystal display according to any one of
claims 30 to 34, wherein:

said liquid crystal display-specific substrate having a
phase difference control function, obtained by pattern-
ing of at least one of a positive uniaxial phase layer
comprising polymerizable liquid crystal molecules and
having an optical axis within a layer plane or a negative
uniaxial phase layer comprising polymerizable liquid
crystal molecules and having an optical axis in a
normal direction to said layer plane, comprises three-
color areas of red, green and blue, and at least one of
said phase difference control layers is patterned in
alignment with said three-color areas for red, green and
blue.

36. The liquid crystal display according to claim 30,

wherein said liquid crystal layer aligns in a vertical mode.
37. The liquid crystal display according to claim 36,
wherein said liquid crystal molecules used for said vertical
alignment mode liquid crystal layer has a refractive index
anisotropy of 0.05 to 0.30, and said polymerizable liquid
crystal molecules used as said phase layers have a refractive
index anisotropy of 0.05 to 0.30.

38. The liquid crystal display according to claim 36 or 37,
wherein said vertical alignment mode liquid crystal layer has
a thickness of 1.0 um to 6.0 pm, and said phase layers
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comprising polymerizable liquid crystal molecules have a
thickness of 0.1 pm to 10.0 pm.

39. A liquid crystal display-specific substrate having a
phase difference control function, used for transparent sub-
strates with a liquid crystal layer in a liquid crystal display
sandwiched between said transparent substrates, wherein:

at least one of a positive uniaxial phase layer comprising
polymerizable liquid crystal molecules and having an
optical axis within a layer plane or a negative uniaxial
phase layer comprising polymerizable liquid crystal
molecules and having an optical axis in a normal
direction to said layer plane is patterned on a liquid
crystal layer side,

said liquid crystal display-specific substrate having a
phase difference control function, obtained by pattern-
ing of at least one of a positive uniaxial phase layer
comprising polymerizable liquid crystal molecules and
having an optical axis within a layer plane or a negative
uniaxial phase layer comprising polymerizable liquid
crystal molecules and having an optical axis in a
normal direction to said layer plane, comprises three-
color areas of red, green and blue, and at least one of
said phase difference control layers is patterned in
alignment with said three-color areas for red, green and
blue,

said positive uniaxial phase layer comprising polymeriz-
able liquid crystal molecules and having an optical axis
within a layer plane, patterned in alignment with the
three-color areas of red, green and blue of a color filter,
is formed with such a thickness as to be thickness of
said red area>thickness of said green area>thickness of
said blue area, and

said negative uniaxial phase layer comprising polymer-
izable liquid crystal molecules and having an optical
axis in a normal direction to said layer plane, patterned
in alignment with the three-color areas of red, green
and blue of a color filter, is formed with such a
thickness as to be thickness of said blue area>thickness
of said green area>thickness of said red area.

40. The liquid crystal display-specific substrate according
to claim 39, wherein said positive uniaxial phase layer is
patterned on a liquid crystal layer side.

41. The liquid crystal display-specific substrate according
to claim 39, wherein said negative uniaxial phase layer is
patterned on a liquid crystal layer side.

42. The liquid crystal display-specific substrate according
to claim 39, wherein both said positive uniaxial phase layer
and said negative uniaxial phase layer are patterned on a
liquid crystal layer side.

43. The liquid crystal display according to claim 32,
wherein said positive uniaxial phase layer comprising poly-
merizable liquid crystal molecules and having an optical
axis within a layer plane, patterned in alignment with the
three-color areas of red, green and blue of a color filter, is
formed with such a thickness as to be thickness of said red
area>thickness of said green areathickness of said blue
area, and

wherein said negative uniaxial phase layer comprising
polymerizable liquid crystal molecules and having an
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optical axis in a normal direction to said layer plane, 45. The liquid crystal display according to claim 43,
patterned in alignment with the three-color areas of red, wherein said negative uniaxial phase layer is patterned on an
green and blue of a color filter, is formed with sucha  inner surface of said transparent substrates.
thickness as to be thickness of said blue area>thickness 46. The liquid crystal display according to claim 43,
of said green area>thickness of said red area. wherein both said positive uniaxial phase layer and said

negative uniaxial phase layer are patterned on an irnner

44. The liquid crystal display according to claim 43, surface of said transparent substrates.

wherein said positive uniaxial phase layer is patterned on an
inner surface of said transparent substrates. ¥ % x x %
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