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57 ABSTRACT

Provided is a liquid crystal display device comprising a first
substrate, a second substrate, and a liquid crystal composi-
tion disposed between said first substrate and said second
substrate, wherein a surface of said first substrate in contact
with said liquid crystal composition is provided with an
alignment layer, while said second substrate has no align-
ment layer; and said liquid crystal composition comprises a
liquid crystal compound, a self-aligning agent, and a polym-
erizable compound represented by Formula 1,

aUats
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

The present invention pertains to the field of liquid crystal
display technologies. More specifically, the present inven-
tion relates to a liquid crystal display device.

BACKGROUND ART

With the development of display technologies, flat panel
display devices such as liquid crystal displays (LCD) are
widely used in various consumer electronic products, such
as mobile phones, televisions, personal digital assistants,
digital cameras, notebook computers and desktop computers
and have become the mainstream in display devices due to
the advantages of having a high image quality, power saving,
a thin body, a wide application range, etc.

Generally, a liquid crystal display device comprises a
colour filter (CF) substrate, a thin film transistor (TFT)
substrate, a liquid crystal (LC) composition layer sand-
wiched between the colour filter substrate and the thin film
transistor substrate, and a sealant.

At present, in a common liquid crystal display device
(LCD), a CF substrate and a TFT substrate respectively have
a layer of film material, and the main functions thereof are
to arrange liquid crystal molecules in a certain orientation,
this layer being referred to as an alignment layer. This
alignment layer is mainly classified into a rubbing alignment
type and a photo-alignment type. The alignment layer has
the characteristics of uniformity, adhesion and stability; the
alignment layer can not only align liquid crystal molecules,
but also has another important function that is to serve as an
insulating film between the liquid crystal molecules and the
liquid crystal display device substrate, and the alignment
layer is capable of holding a voltage applied to the substrate
within one frame of time, thereby preventing impurities such
as ions in the substrate from diffusing into the liquid crystal
molecules, thereby maintaining the purity of the liquid
crystal molecules. However, the alignment layer also has
certain disadvantages. Firstly, an alignment layer of the
rubbing alignment type are prone to problems of dust
particles, electrostatic residue, brush marks, etc., during the
process of displaying of a liquid crystal display device,
thereby lowering the yield of the fabrication of the liquid
crystal display device, whereas an alignment layer of the
photo-alignment type can avoid the above-mentioned prob-
lems; however, since the properties of the material of the
alignment layer of the photo-alignment type are limited, the
heat resistance and ageing resistance thereof are poorer, and
the ability to anchor liquid crystal molecules is also weaker,
and thus the displaying effect of the liquid crystal display
device is affected; secondly, the process for forming a film
on TFT-LCD, for an alignment layer, is also complicated,
resulting in an increase in the cost of producing the liquid
crystal display device.

If the alignment layer is completely removed from the
liquid crystal display device, the liquid crystal molecules
will not be vertically aligned. At present, liquid crystal
molecules are vertically aligned by adding a self-aligning
agent to the liquid crystal layer, this relying on the charac-
teristics of the self-aligning agent adsorbed on the surface of
the substrate. However, if the alignment layer is completely
omitted, the liquid crystal display device tends to have
problems such as non-uniform display and poor alignment
of liquid crystal molecules, and the afterimage problem of
the liquid crystal display device will also be serious.
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In a liquid crystal display device of PSVA (Polymer
Stabilized Vertically Aligned) or SAVA (Vertical Self-
Aligned) display mode, the liquid crystal layer contains a
polymerizable compound as a reactive mesogen (RM), and
since there is a possibility of leaving a reactive mesogen
(RM) residue during the process of fabricating a liquid
crystal display device, and the RM residue may causes the
problem that display defects such as afterimage may occur
to the liquid crystal display device, the larger the amount of
the RM residue, the more serious the afterimage problem.

SUMMARY OF THE INVENTION

In order to obtain a liquid crystal display device having
less afterimage and a simple preparation process, the inven-
tors of the present application have conducted intensive
studies and found that this object can be achieved by means
of the liquid crystal display device of the present invention,
thereby completing the present invention.

An object of the present invention is to provide a liquid
crystal display device.

As an embodiment of the present invention, the liquid
crystal display device comprises a first substrate, a second
substrate, and a liquid crystal composition disposed between
the first substrate and the second substrate, wherein a surface
of said first substrate in contact with the liquid crystal
composition is provided with an alignment layer, while said
second substrate has no alignment layer; and the liquid
crystal composition comprises a liquid crystal compound, a
self-aligning agent, and a polymerizable compound repre-
sented by Formula I.

avats

The liquid crystal display device provided by the present
invention has the characteristics of a wider nematic phase
temperature range, a suitable or higher birefringence anisot-
ropy An, and a high charge retention ratio; and by means of
the use of a polymerizable compound represented by for-
mula [ as a reactive mesogen (RM) in combination with a
liquid crystal compound and a self-aligning agent, the con-
version ratio of the reactive mesogen (RM) and the residual
amount of the reactive mesogen (RM) during the process of
fabricating the liquid crystal display device are increased,
thereby effectively shortening the process of preparing the
liquid crystal display device, improving the production
efficiency and reducing the extent of the afterimage display
defect occurred to the liquid crystal display device.

DETAILED DESCRIPTION OF EMBODIMENTS

As an embodiment of the present invention, the liquid
crystal display device comprises a first substrate, a second
substrate, and a liquid crystal composition disposed between
the first substrate and the second substrate, wherein a surface
of the first substrate in contact with the liquid crystal
composition is provided with an alignment layer, while the
second substrate has no alignment layer; and the liquid
crystal composition comprises a liquid crystal compound, a
self-aligning agent, and a polymerizable compound repre-
sented by Formula I.
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During the process of fabricating the liquid crystal display
device, the polymerizable compound represented by For-
mula [ acts as a reactive mesogen (RM) to photopolymerize
with a self-aligning agent by means of ultraviolet irradiation
to form a polymer film. By means of the intermolecular
physical adsorption between the self-aligning agent and the
second substrate, one side of the formed polymer film is
bonded to the second substrate, and the other side thereof is
in contact with the liquid crystal composition; furthermore,
the polymer film functions to vertically align the liquid
crystal molecules. There may also be a polymer film on the
side of the alignment layer of the first substrate in contact
with the liquid crystal composition; similarly, by means of
the intermolecular physical adsorption between molecules,
one side of the formed polymer film is bonded to the first
substrate, and the other side thereof is in contact with the
liquid crystal composition, wherein the polymer film can
effectively prevent the alignment layer from the occurrence
of the problem of a reduced liquid crystal display device
yield caused by dust particles, electrostatic residues, etc.,
generated during the process of the displaying of the liquid
crystal display device.

The liquid crystal display device has the characteristics of
a wider nematic phase temperature range, a suitable or
higher birefringence anisotropy An, and a high charge reten-
tion ratio; and by means of the use of a polymerizable
compound represented by formula I as a reactive mesogen
(RM) in combination with a liquid crystal composition and
a self-aligning agent, the conversion ratio of the reactive
mesogen (RM) and the residual amount of the reactive
mesogen (RM) during the process of fabricating the liquid
crystal display device are increased, thereby effectively
shortening the process of preparing the liquid crystal display
device, improving the production efficiency and reducing
the extent of the afterimage display defect occurred to the

liquid crystal display device.
O‘é‘
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Preferably, the content in percentage of the compound
represented by formula I mentioned previously is 0.01-1%,
preferably 0.03-0.5%, of the total mass of the liquid crystal
composition. From the point of view of reducing the after-
image display defect of the liquid crystal display device, the
content of the compound represented by formula I men-
tioned previously is preferably not more than 1%, and
further preferably not more than 0.5%. In addition, from the
point of view of polymerizing with the self-aligning agent to
form a polymer film so as to align the liquid crystal
molecules and preventing the alignment layer from reduc-
tion in the liquid crystal display device yield caused by dust
particles, electrostatic residues, etc., generated during the
process of the displaying of the liquid crystal display device,
the content of the compound represented by formula I
mentioned previously is preferably not less than 0.01%,
further preferably not less than 0.03%.

In some embodiments of the liquid crystal display device
of the present invention, optionally, the above-mentioned
first substrate is a thin film transistor substrate, and the
above-mentioned second substrate is the colour filter sub-
strate; or the above-mentioned first substrate is a colour filter
substrate, and the above-mentioned second substrate is a
thin film transistor film. Preferably, the above-mentioned
first substrate is a thin film transistor substrate, and the
above-mentioned second substrate is a colour filter sub-
strate;

In some embodiments of the liquid crystal display device
of the present invention, the above-mentioned alignment
layer has a thickness of 30 nm to 120 nm, preferably 40 nm
to 60 nm, and the alignment layer is a polyimide film layer.

In some embodiments of the liquid crystal display device
of the present invention, the above-mentioned self-aligning
agent has at least two anchoring functional groups and 1-3
polymerizable functional groups.

The anchoring functional groups in the self-aligning agent
have the function of adsorption and fixation to the substrate,
and may be selected from optionally hydroxyl, ester groups,
and carbonyl, preferably hydroxyl, and there are at least two
such groups. The polymerizable functional groups are func-
tional groups capable of polymerizing with the compound
represented by formula I, and are preferably methacrylate
groups, acrylate groups, vinyl or ethylene oxide groups,
further preferably methacrylate groups.

In some embodiments of the liquid crystal display device
of the present invention, the above-mentioned self-aligning
agent is selected from the group consisting of compounds

represented by formulas 111 to 1142.
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O,

O,

Preferably, the content in percentage of the compound
represented by formula II mentioned previously is 0.1-3%,
preferably 0.5-1.5%, of the total mass of the liquid crystal
composition. This is because from the point of view of the
ability to react with the polymerizable compound repre-
sented by formula I to form a polymer film so as to align the
liquid crystal molecules and preventing the alignment layer
from reduction in the liquid crystal display device yield
caused by dust particles, electrostatic residues, etc., gener-
ated during the process of the displaying of the liquid crystal
display device, the content in percentage of the compound
represented by formula II is preferably not less than 0.1%,
further preferably not less than 0.5%, of the total mass of the
liquid crystal composition. In addition, the content in per-
centage of the compound represented by formula II is
preferably not more than 3%, further preferably not more
than 1.5%, of the total mass of the liquid crystal composi-
tion.

In some embodiments of the liquid crystal display device
of the present invention, the above-mentioned liquid crystal
compound comprises one or more compounds represented
by formula III and one or more compounds represented by
formula IV:
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R3

wherein in formula III, R, and R, each independently
represent an alkyl group having a carbon atom number of
1-10, an alkoxy group having a carbon atom number of 1-10,
an alkenyl group having a carbon atom number of 2-10, or
an alkenoxy group having a carbon atom number of 3-8; and

OFe,

each independently represent
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and

in formula IV, R, and R, each independently represent an
alkyl group having a carbon atom number of 1-10, a
fluoro-substituted alkyl group having a carbon atom number
of 1-10, an alkoxy group having a carbon atom number of
1-10, a fluoro-substituted alkoxy group having a carbon
atom number of 1-10, an alkenyl group having a carbon
atom number of 2-10, a fluoro-substituted alkenyl group
having a carbon atom number of 2-10, an alkenoxy group
having a carbon atom number of 3-8 or a fluoro-substituted
alkenoxy group having a carbon atom number of 3-8,
wherein any one or more non-connected —CH,— in the
groups represented by R; and R, are each independently
optionally substituted with cyclopentylidene, cyclobutyl-
idene or cyclopropylidene;

Z, and Z, each independently represent a single bond,
—CH,CH,— or —CH,0—;

()= )

each independently represent 1,4-phenylene, 1,4-cyclohex-
ylene, a fluoro-substituted 1,4-phenylene, or 1,4-cyclohex-
enylene;

m represents 1 or 2; and

n represents 0, 1 or 2.

The compound represented by formula III has the char-
acteristics of a low rotary viscosity and a good intermisci-
bility with other compounds. A lower rotational viscosity is
more advantageous in improving the response speed of the
liquid crystal composition.

The compound represented by formula IV are of negative
dielectric anisotropy, and the drive voltage of the liquid
crystal composition can be adjusted by means of the com-
pound represented by formula IV.

As the group resulting from substituting one or more
non-connected —CH,— in the alkyl group having a carbon
atom number of 1-10, as mentioned above, with cyclopro-
pylidene, cyclobutylidene or cyclopentylidene, examples
thereof include cyclopropyl, cyclobutyl, cyclopentyl, meth-
yleyclopropylidene, ethylcyclopropylidene, propylcyclopro-
pylidene, isopropylcyclopropylidene, n-butylcyclocyclopro-
pylidene, isobutylcyclopropylidene, tert-butylcyclo-
propylidene, methylcyclobutylidene, ethylcyclobutylidene,
propylcyclobutylidene, isopropylcyclobutylidene, n-butyl-
cyclobutylidene, isobutylcyclopentylidene, tert-butylcy-
clobutylidene, methylcyclopentylidene, ethylcyclopentyl-
idene, propylcyclopentylidene, isopropylcyclopentylidene,
n-butylcyclopentylidene, isobutylcyclopentylidene, etc. In
the groups represented by R; and R, from the point of view
of the rotary viscosity, solubility, and clearing point of the
liquid crystal compound, cyclopropyl, cyclobutyl or cyclo-
pentyl is preferable.

Optionally, the above-mentioned liquid crystal composi-
tion is a liquid crystal composition with negative dielectric
anisotropy.

The content in mass percentage of the compound repre-
sented by formula III is preferably 5-60%, further preferably
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10-40%, of the total mass of the liquid crystal composition;
and the content in mass percentage of the compound repre-
sented by formula 1V is preferably 25-90%, further prefer-
ably 40-65%, of the total mass of the liquid crystal compo-
sition.

Optionally, the above-mentioned one or more compounds
represented by formula III are selected from the group
consisting of compounds represented by formulas III1 to

1I116:

CoHs

111

1112

Gy

:

1113

CsHy

C4Ho

OC,H;

:

1114

1115

1116

1117

1118

Cols

:

1119

GoHs CsHy,

:

1110

CsHyy Gy

:

1111

C4Ho C3Hy

:

1112

C;H; OCH;

:

1113

H;C CsHyy

;
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-continued

H3CC2H4CH=CHCH3

/
-0
OO
/

Optionally, the above-mentioned one or more compounds
represented by formula IV are selected from the group
consisting of compounds represented by formulas IV1 to
V14:

1114

1115

11116

1
F F
v2
F F
Iv3
F F
“ m “
v4
F F
Vs
F F
“ 4<:>7 o 4@ h
Ive
F F
v7
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IvVs§
F F
R34<:>—CH2CH2 Ry
V9
F F
IV 10
F F F
i1
F F
V12
F F
IV 13
F F
IV 14

R3

;

wherein

R; and R, have the same meanings as the R; and R, in the
compound represented by formula IV mentioned above, and
each independently represent an alkyl group having a carbon
atom number of 1-10, a fluoro-substituted alkyl group hav-
ing a carbon atom number of 1-10, an alkoxy group having
a carbon atom number of 1-10, a fluoro-substituted alkoxy
group having a carbon atom number of 1-10, an alkenyl
group having a carbon atom number of 2-10, a fluoro-
substituted alkenyl group having a carbon atom number of
2-10, an alkenoxy group having a carbon atom number of
3-8 or a fluoro-substituted alkenoxy group having a carbon
atom number of 3-8, wherein any one or more non-con-
nected —CH,— in the groups represented by R, and R, are
optionally substituted with cyclopentylidene, cyclobutyl-
idene or cyclopropylidene.

As another embodiment of the liquid crystal display
device of the present invention, in one embodiment, option-
ally, the above-mentioned liquid crystal compound may
comprise one or more compounds represented by formula
Iv:
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wherein

R,, and R, each independently represent an alkyl group
having a carbon atom number of 1-10, a fluoro-substituted
alkyl group having a carbon atom number of 1-10, an alkoxy
group having a carbon atom number of 1-10, a fluoro-
substituted alkoxy group having a carbon atom number of
1-10, an alkenyl group having a carbon atom number of
2-10, a fluoro-substituted alkenyl group having a carbon
atom number of 2-10, an alkenoxy group having a carbon
atom number of 3-8 or a fluoro-substituted alkenoxy group
having a carbon atom number of 3-8, wherein any one or
more non-connected —CH,— in the groups represented by
R,, and R,, are optionally substituted with cyclopentyl-
idene, cyclobutylidene or cyclopropylidene;

OF,

each independently represent

O000

F F

Optionally, the above-mentioned one or more compounds
represented by formula VI are selected from the group
consisting of compounds represented by formulas VI1 to
VI7:

Vi1
A

V2
Rlllm Rizis

VI3

Vi
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-continued
VI5
R1124<:>_<:>_©7R121;
Vi6

wherein

R,,; represents an alkyl group having a carbon atom
number of 1-6, R,,, represents an alkoxy having a carbon
atom number of 1-6, R,,, represents an alkyl having a
carbon atom number of 2-6, and R, represents an alkenyl
group having a carbon atom number of 2-6.

Where the terminal chain of the above-mentioned com-
pound represented by formula VI is alkenyl R, ; ,, the liquid
crystal compound has a higher clearing point and an elastic
constant, especially splay elasticity constant K;,, which is
advantageous for improving the parameter performance of
the liquid crystal composition.

The content in mass percentage of the above-mentioned
one or more compounds represented by formula VI is
preferably 1-40%, further preferably 5-20%, of the total
mass of the liquid crystal composition.

As another embodiment of the liquid crystal display
device of the present invention, the above-mentioned liquid
crystal compound may comprise one or more compounds
represented by formula VII:

VII

Fi F, F;
Rl3 ' O O “ Rl4

wherein

R,; and R, , each independently represent an alkyl group
having a carbon atom number of 1-10, a fluoro-substituted
alkyl group having a carbon atom number of 1-10, an alkoxy
group having a carbon atom number of 1-10, a fluoro-
substituted alkoxy group having a carbon atom number of
1-10, an alkenyl group having a carbon atom number of
2-10, a fluoro-substituted alkenyl group having a carbon
atom number of 2-10, an alkenoxy group having a carbon
atom number of 3-8 or an fluoro-substituted alkenoxy group
having a carbon atom number of 3-8;

<Z> eprens <:> n e Q;

F,, F, and F; each independently represent H or F, with F,
and F; not simultaneously being F.

and

Optionally, the above-mentioned one or more compounds
represented by formula VII are preferably one or more
selected from compounds represented by formulas VII1 to
VIi4:
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VII1

VII2
F
VI3
F
VII4
F

wherein R,;; and R,,, each independently represent an
alkyl group having a carbon atoms number of 1-6.

The above-mentioned compounds represented by formu-
las VII1 to VII4 have a high clearing point, generally higher
than 200° C., and can more significantly improve the clear-
ing point of the liquid crystal composition.

The content in mass percentage of the above-mentioned
one or more compounds represented by formula VII is
preferably 1-10%, further preferably 2-5%, of the total mass
of the liquid crystal composition.

EXAMPLES

In order to more clearly illustrate the present invention,
the present invention will be further described below in
conjunction with preferred examples. A person skilled in the
art should understand that the following contents described
in detail are illustrative rather than limiting, and should not
limit the scope of protection of the present invention.

In the present invention, the preparation methods are all
conventional methods unless otherwise specified, the raw
materials used are all available from public commercial
approaches unless otherwise specified, all percentages refer
to mass percentages, the temperature is Celsius (° C.), liquid
crystal compounds are also liquid crystal monomers, and the
specific meanings and test conditions of the other symbols
are as follows:

Cp represents the clearing point (° C.) of the liquid crystal
measured by a DSC quantitative method;

An represents the optical anisotropy, with An=n_-n_, in
which n,, is the refractive index of an ordinary light, and n,
is the refractive index of an extraordinary light, with the test
conditions being 25+2° C., 589 nm, and an abbe refracto-
meter used for the test;

Ae represents the dielectric anisotropy, with Ae=¢,—¢ |, in
which g, is a dielectric constant parallel to a molecular axis,
and ¢ | is a dielectric constant perpendicular to the molecular
axis, with the test conditions being 25+0.5° C., a 20 micron
parallel cell, and INSTEC: ALCT-IR1 for the test;

vl represents a rotary viscosity (mPa-s), with the test
conditions being 25+0.5° C., a 20 micron parallel cell, and
INSTEC: ALCT-IR1 used for the test; and
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VHR represents voltage holding rate (%), with the test
conditions being 20+2° C., a voltage of 5 V, a pulse width
of 10 ms, and a voltage holding time of 16.7 ms. The test
equipment is a TOYO Model6254 liquid crystal perfor-
mance comprehensive tester;

Afterimage evaluation: Afterimage evaluation on a liquid
crystal display device involves displaying a specified fixed
pattern in the display region for 1000 hours, and then
evaluating the residual level of the fixed pattern under
full-picture uniform display condition by means of visual
inspection according to the following 4 levels.

@ There is no residue

o There is a very small amount of residue, at an acceptable
level

A There is residue, at an unacceptable level
x There is residue, at a quite bad level

The method for preparing the liquid crystal composition
is as follows: various liquid crystal monomers are weighed
at a certain ratio and then put into a stainless steel beaker, the
stainless steel beaker containing these liquid crystal mono-
mers is placed on a magnetic stirring apparatus and heated
for melting, a magnetic rotor is added to the stainless steel
beaker when most of the liquid crystal monomers in the
stainless steel beaker are melted, the mixture is stirred
uniformly and cooled to room temperature to obtain this
liquid crystal composition.

In the examples of the present invention, liquid crystal
monomer structures are represented by codes, wherein the
code representation of cyclic structures, end groups and
linking groups of the liquid crystals are shown in tables 1
and 2 below

TABLE 1

Corresponding code for ring structure

Ring structure Corresponding code

C

KRR
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TABLE 2

28
TABLE 3-continued

Corresponding code for end group and linking group

End group and linking group Corresponding code

C.Hop1— -
C,Hp, 1 O— no—
—CF, T
—OCF, —or
~ CH,0— 0
—F —F
—CH=—CH— —V—
— CH=CH—C,H,,,, —Vn
Cp—
: Cpr—
EXAMPLES
13 F
GoHs OC,HHs,
the code of which is CPY-2-0O2; and
F F
C;H, o ’

the code of which is CCY-3-OCpr.

Liquid Crystal Composition 1:

The formulation of liquid crystal composition 1 and the
corresponding properties thereof are as shown in Table 3
below.

TABLE 3

Formulation of liquid crystal composition 1
and corresponding properties thereof

Liquid crystal Content
Classification monomer code (%)
I CC-2-3 10
v COY-3-02 10
v COY-3-01 10
v CCOY-2-02 9
v CCY-3-01 7
v CCY-3-02 6
v CCY-4-02 6
v CPY-5-02 8
v CPY-3-OCpr 10
v CPY-2-02 10
v CY-3-02 7
v CY-3-04 6.89
I I 0.01
I 1I-1 0.1

Ae[1 KHz 20° C.]: -5.9
€, [1 KHz, 20° C.]: 10.6
An[589 nm, 20° C.]: 0.105

40

45

50

Formulation of liquid crystal composition 1
and corresponding properties thereof

Cp: 86° C.
Yi: 203 mPa - s

In liquid crystal composition 1, a compound represented
by formula II-1 comprising two hydroxyl groups as anchor-
ing functional groups and one methacrylate group as a
polymerizable functional group is used as a self-aligning
agent.

Liquid Crystal Composition 2:

The formulation of liquid crystal composition 2 and the
corresponding properties thereof are as shown in Table 4
below.

TABLE 4

Formulation of liquid crystal composition 2
and corresponding properties thereof

Liquid crystal Content

Classification monomer code (%)

Juss CC-2-3 13.7

Juss CC-4-3 6

v COY-Cp-02 10

v COY-3-01 10

v CCOY-2-02 9

v CCY-3-02 7

v CCY-4-02 7

v CPY-5-02 10

v CPY-3-02 10

v CPY-2-02 10

v CY-3-02 6.7

I I 0.1

I 1I-14 0.5

Ag[1 KHz 20° C.]: -5.3
€, [1 KHz, 20° C.]: 49.6
An[589 nm, 20° C.]: 0.102
Cp: 86° C.
Yy: 181 mPa - s

In liquid crystal composition 2, a compound represented
by formula I1-14 comprising two hydroxyl groups as anchor-
ing functional groups and two methacrylate groups as
polymerizable functional groups is used as a self-aligning
agent.

Liquid Crystal Composition 3:

The formulation of liquid crystal composition 3 and the
corresponding properties thereof are as shown in Table 5
below.

TABLE 5

Formulation of liquid crystal composition 3
and corresponding properties thereof

Liquid crystal Content

Classification monomer code (%)

I CC-2-3 21

I CC-4-3 6.5

I PpP-5-1 10.5

% COY-3-02 8

% COY-3-01 7

% CCOY-2-02 9

% CPY-5-02 3

% CPY-3-02 10

% CPY-2-02 10

VI CPP-3-2 7

VI CPP-5-2 6.97
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TABLE 5-continued
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TABLE 7-continued

Formulation of liquid crystal composition 3
and corresponding properties thereof

Formulation of liquid crystal composition 5
and corresponding properties thereof

I I 0.03
I 1I-20 1

Ag[1 KHz 20°
€, [1 KHz, 20°
An[589 nm, 20°

-3.3

6.8

0.109

74° C.

92 mPa - s

C.l:
C.l:
C.l:
Cp:

Vit

In liquid crystal composition 3, a compound represented
by formula II-23 comprising three hydroxyl groups as
anchoring functional groups and two methacrylate groups as
polymerizable functional groups is used as a self-aligning
agent.

Liquid Crystal Composition 4:

The formulation of liquid crystal composition 4 and the
corresponding properties thereof are as shown in Table 6
below.

TABLE 6

Formulation of liquid crystal composition 4
and corresponding properties thereof

Liquid crystal Content

Classification monomer code (%)

Juss CC-2-3 10

Juss CC-3-V 10

Juss PP-5-02 5

v COY-3-02 8

v COY-3-01 7

v CCOY-2-02 12

v CPY-Cp-0O2 7

v CPY-3-02 10

v CPY-2-02 10

v PY-3-02 9.5

VI CCP-3-1 2

VI CCP-V-1 4

VI CCP-V2-1 3.7

I I 0.3

I 1I-27 1.5

Ag[1 KHz 20° C.]: -4.3
€, [1 KHz, 20° C.]: 8.7
An[589 nm, 20° C.]: 0.112
Cp: 79° C.
Yi: 120 mPa - s

In liquid crystal composition 4, a compound represented
by formula I1-27 comprising two hydroxyl groups as anchor-
ing functional groups and two methacrylate groups as
polymerizable functional groups is used as a self-aligning
agent.

Liquid Crystal Composition 5:

The formulation of liquid crystal composition 5 and the
corresponding properties thereof are as shown in Table 7
below.

TABLE 7

Formulation of liquid crystal composition 5
and corresponding properties thereof

Liquid crystal Content
Classification monomer code (%)
I CC-2-3 22
I CC-4-3 6.5
I PP-3-1 1.5
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COY-3-02
COY-3-01
CCOY-2-02
CPY-5-02
CPY-3-02
CPY-2-02
CCY-3-02
CCY-5-02
CY-3-04
CY-3-02
CPPC-3-3
CGPC-3-3
I
1I-30

—
NOR R ULUAROSOWO A

S5egagdazgas

—
w

—
=]

Ag[1 KHz 20° C.]: -4.3

€, [1 KHz, 20° C.]: 8.1
An[589 nm, 20° C.]: 0.091
Cp: 74° C.

Yy: 107 mPa - s

In liquid crystal composition 5, a compound represented by
formula I1-30 comprising two hydroxyl groups as anchoring
functional groups and two methacrylate groups as polym-
erizable functional groups is used as a self-aligning agent.

Liquid Crystal Composition 6:

The formulation of liquid crystal composition 6 and the
corresponding properties thereof are as shown in Table 8
below.

TABLE 8

Formulation of liquid crystal composition 6
and corresponding properties thereof

Liquid crystal Content
Classification monomer code (%)
11T CC-2-3 22
11T CC-4-3 6.5
11T PP-5-1 10.5
11T CC-3-V 21
v COY-3-02 4
v COY-3-01 3
v CCOY-2-02
v CPY-5-02 3
v CPY-3-02 8.2
VI CCP-3-1 5
VI CPP-3-2V1 4
VI CPP-1V-2 4
A% CGPC-3-3 2
I I 0.8
I 1I-37 1
Ae[l1 KHz 20° C.]: -1.7
€,[1 KHz, 20° C.]: 44
An[589 nm, 20° C.]: 0.090
Cp: 67° C.
Yi: 52mPa-s

In liquid crystal composition 6, a compound represented
by formula I1-37 comprising two hydroxyl groups as anchor-
ing functional groups and three methacrylate groups as
polymerizable functional groups is used as a self-aligning
agent.

Liquid Crystal Composition 7:

The formulation of liquid crystal composition 7 and the
corresponding properties thereof are as shown in Table 9
below.
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TABLE 9

Formulation of liquid crystal composition 7
and corresponding properties thereof

32
Examples 2-7

Liquid crystal composition 1 in Example 1 is respectively
replaced with liquid crystal compositions 2-7 while the other
conditions are the same as in Example 1 to respectively

Liquid crystal Content 5 LV . -
Classification monomer code (%) obtain liquid crystal display devices as Examples 2-7.
111 CC-2-3 22 Comparative Example 1
111 CC-4-3 6.5
I PP-3-1 10.5 The polymerizable compound represented by formula I in
11 cC3-v 19 10 . ePOLy comp P Y .
v COY-3-02 4 liquid crystal composition 3 of Example 3 is replaced with
v COY-3-01 3 a polymerizable compound represented by formula I-1 to
v CCOY-2-02 5 obtain a comparative liquid crystal composition 1 as the
v CPY-5-02 3 liquid crystal composition, and the remaining part of the
v CPY-3-02 8 :
i CCPad s process is the same as that of Example 3 to manufacture a
VI CPP3-9V1 2 15 liquid crystal display device as Comparative Example 1.
VI CPP-1V-2 4
VI CGPC-3-3 2
I I 1 L1
I 11-40 3
20 0 F o
Ae[1 KHz 20° C.]: -1.5
€,[1 KHz, 20° C.]: 4.2
An[589 nm, 20° C.]J: 0.088
Yi: 49 mPa- s
25
In liquid crystal composition 7, a compound represented by .
formula I1-40 comprising two hydroxyl groups as anchoring Comparative Example 2
fu.nctllj?naélgr?l psland three? meth;crylate fgfrOFPS as polyntl- A thin film transistor substrate without any alignment
crizable functional groups 1s used as a sell-aligning agent. . - javer provided on the surface in Example 3 is used as a first
substrate, a colour filter substrate without any alignment
Example 1 layer provided on the surface is used as a second substrate,
and the remaining part of the process is the same as that of
) ) ) Example 3 to manufacture a liquid crystal display device as
A thin film transistor substrate is prepared as a first 55 Comparative Example 2.
substrate, and a colour filter substrate is prepared as a second The liquid crystal display devices which have undergone
substrate, with the surface of said first substrate in contact ultraviolet irradiation are subjected to calculation for the
with the liquid crystal composition being provided with an conversion ratio of the reactive mesogen (RM), voltage
alignment layer while said second substrate has no align- holding ratio (VHR) testing, and afterimage evaluation. The
ment layer; a liquid crystal composition 1 is poured between formula for calculating the conversion ratio of a reactive
the first substrate and the second substrate and is sealed; and 40 mesogen (RM) is:
then, liquid crystal composition 1 is irradiated by means of
ultraviolet light from the first substrate side or the second N ‘
substrate side in order to allow the self-aligning agent to Conversion ratio = itial value - Residue value
polymerize with a polymerizable compound in the liquid Initial value
crystal composition. The ultraviolet radiation intensity is 64 =
mW/cm?, the wavelength is 365 nm, and the irradiation time The following table relates to the measurement data of the
is 200 s. Thus, a liquid crystal display device is obtained as performance evaluation on the liquid crystal display devices
Example 1. of Examples 1-7 and Comparative Examples 1 and 2.
TABLE 10
Measurement data of performance evaluation
on liquid crystal display devices
Compar- Compar-
ative ative
Exam- Exam- Exam- Exam- Exam- Exam- Example Example
Example 1 ple 2 ple 3 ple 4 ple 5 ple 6 ple 7 1 2
VHR 99.1 99.1  99.0  99.0 989 992 992 985 984
Conversion  30% 30%  33% 3%  30%  31%  31%  25%  30%
ratio of RM
Afterimage o A o A A o o X X

evaluation
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It can be obviously seen from Table 10 mentioned above
that compared with the liquid crystal display devices pro-
vided by Comparative Examples 1 and 2, the liquid crystal
display devices provided by Examples 1-7 of the present
invention have a higher VHR, a higher conversion ratio of
RM and a better afterimage level.

By comparing Example 3 with Comparative Example 1,
the polymerizable compound represented by formula I, with
respect to the polymerizable compound represented by for-
mula I-1, as the reactive mesogen (RM) has a faster con-
version of RM, a higher conversion ratio and less residue
during the same UV-involved manufacturing process, so that
by using the polymerizable compound represented by for-
mula 1 as the reactive mesogen (RM), the process of
preparing the liquid crystal display device can be effectively
shortened, the production efficiency can be improved, and
the extent of the afterimage display defect that occurs to the
liquid crystal display device can be reduced.

By comparison between Example 3 and Comparative
Example 2, although the use of the liquid crystal display
device without any alignment layer in Comparative Example
2 can shorten the process of preparing the liquid crystal
display device and improve the production efficiency, impu-
rities such as ions in the surface of the substrate are more
liable to enter the liquid crystal composition, due to the lack
of an alignment layer, so that the VHR of the liquid crystal
display device is reduced, thereby causing the afterimage
situation of the liquid crystal display device to become more
serious. Moreover, due to the lack of the alignment function
of an alignment layer, the liquid crystal molecules are more
prone to the problem of poor alignment, resulting in the
occurrence of the problem of non-uniform display to the
liquid crystal display device.

The invention claimed is:

1. A liquid crystal display device, wherein said liquid
crystal display device comprises:

a first substrate,
a second substrate, and

a liquid crystal composition disposed between said first
substrate and said second substrate,

wherein a surface of said first substrate in contact with
said liquid crystal composition is provided with an
alignment layer, said second substrate has no alignment
layer; and

said liquid crystal composition comprises a liquid crystal
compound, a self-aligning agent, and a polymerizable
compound,

wherein the polymerizable compound is a compound
represented by Formula I, the self-aligning agent is a
compound represented by formula 1130, the liquid
crystal compound comprises one or more compounds
represented by formulas 1112, 11111, 11113, and one or
more compounds represented by formulas IV1, IV3 to
ve:

aUaUs
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-continued

022:
§
9]
O
OH
OH
]
e
C3H7 4<:>_<:>7 CZHS

C4H9@_QC3H7

1130

1112

1111

1113

V1
F F
R3 4<:>_<j>7 R4

V3

F F

© 4<:>_<:>_®7 *

Iv4

F F
V5

F F
R3 4<:>7 oo @7 *

Ive

F F
R3%CHZO@M

wherein R; and R, each independently represent an alkyl
group having a carbon atom number of 1-10, or an
alkoxy group having a carbon atom number of 1-10;
and

a content in percentage of the compound represented by
Formula I is 0.03-0.5%, a content in percentage of the
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compound represented by formula 1130 is 0.5-3%, a
content in percentage of the compound represented by
formulas 1112, 11111, 11113 is 10-40%, and a content in
percentage of the compound represented by formulas
IV1,1V3 to IV6 is 40-65%, of a total mass of the liquid
crystal composition.

2. The liquid crystal display device according to claim 1,
wherein said first substrate is a thin film transistor substrate,
and said second substrate is a colour filter substrate; or said
first substrate is a colour filter substrate, and said second
substrate is a thin film transistor substrate.

3. The liquid crystal display device according to claim 1,
wherein said alignment layer has a thickness of 30 nm to 120
nm; and said alignment layer is a polyimide film layer.

4. The liquid crystal display device according to claim 1,
wherein said liquid crystal compound further comprises one
or more compounds represented by formula VI:

wherein R;; and R,, each independently represent an
alkyl group having a carbon atom number of 1-10, a
fluoro-substituted alkyl group having a carbon atom
number of 1-10, an alkoxy group having a carbon atom
number of 1-10, a fluoro-substituted alkoxy group
having a carbon atom number of 1-10, an alkenyl group
having a carbon atom number of 2-10, a fluoro-substi-
tuted alkenyl group having a carbon atom number of
2-10, an alkenoxy group having a carbon atom number
of 3-8 or a fluoro-substituted alkenoxy group having a
carbon atom number of 3-8, wherein any one or more
non-connected —CH,— in the groups represented by
R,; and R, are each independently optionally substi-
tuted with cyclopentylidene, cyclobutylidene or cyclo-
propylidene;

() =)

and each independently represent

VI

R]
F
0000
F
E
10
, or F

5. The liquid crystal display device according to claim 1,
wherein said liquid crystal compound further comprises one
or more compounds represented by formula VII:

15

VII
20 Fi F, Fs
25
wherein R;; and R,, each independently represent an
alkyl group having a carbon atom number of 1-10, a
fluoro-substituted alkyl group having a carbon atom
10 number of 1-10, an alkoxy group having a carbon atom

number of 1-10, a fluoro-substituted alkoxy group
having a carbon atom number of 1-10, an alkenyl group
having a carbon atom number of 2-10, a fluoro-substi-
tuted alkenyl group having a carbon atom number of

35 2-10, an alkenoxy group having a carbon atom number
of 3-8 or an fluoro-substituted alkenoxy group having
a carbon atom number of 3-8;

40
represents , or ;

and
F,,F, and F; each independently represent H or F, with F,
and F; not simultaneously being F.
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