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NOVEL LIQUID CRYSTAL DISPLAY DEVICE
AND USEFUL LIQUID CRYSTAL
COMPOSITION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device which uses a nematic crystal composition having
negative dielectric anisotropy.

[0003] 2. Description of the Related Art

[0004] Currently, regarding the devices of the active matrix
drive system, display modes such as an optically compen-
sated bend (OCB) mode, a vertical alignment (VA) mode and
an in-plane switching (IPS) mode have been applied, due to
their display quality, to portable terminals, liquid crystal TV
sets, projectors, computers, and the like. Since an active
matrix display system has a non-linear circuit provided for
each pixel, and it has been suggested to use a thin film tran-
sistor (TFT) using amorphous silicon or polysilicon, or an
organic semiconductor material. Furthermore, as a method
for the alignment of liquid crystal molecules to cope with an
increase in display size or high definition display, it has been
suggested to use a photo-alignment technology. It has been
suggested to use a phase difference film in order to obtain
wider viewing angle characteristics for the display, or to use
a photopolymerizable monomer in order to obtain clear dis-
play (SID Sym. Digest, 277 (1993); SID Sym. Digest, 845
(1997), SID Sym. Digest, 1077 (1998); SID Sym. Digest, 461
(1997); Proc. 18”7 IDRC, 383 (1998); SID Sym. Digest, 1200
(2004); Proc. Asia Display, 577 (1995); and Proc. 18% IDRC,
371 (1998)).

[0005] However, in order for liquid crystal display televi-
sion sets to completely replace the conventional television
sets utilizing cathode ray tubes (CRT) and to also cope with
the demand for 3D imaging or field sequential display, liquid
crystal TV are still not satisfactory in terms of the response
speed and viewing angle characteristics. For example, the IPS
mode is excellent in the viewing angle characteristics, but is
not satisfactory in terms of the response speed; and the VA
mode exhibits a relatively fast response speed, but is not
satisfactory in terms of the viewing angle characteristics.
Accordingly, in addition to the use of the overdrive mode, an
amelioration for enhancing the apparent response speed of
display elements by changing the frame frequency from 60
Hz to a high frequency such as 120 Hz or 240 Hz, has been in
progress. However, there are limitations in overcoming the
limit of the response speed that is intrinsic to a liquid crystal
material, if amelioration is made only in terms of the elec-
tronic circuit of these liquid crystal display devices. Thus,
there is a demand for a drastic improvement in the response
speed as a result of amelioration in the entirety of a display
device including a liquid crystal material.

[0006] Furthermore, in order to improve the viewing angle
characteristics in regard to the VA mode, a multi-domain
vertical alignment (MVA) mode has been suggested in which
the viewing angle characteristics are improved by partition-
ing the pixels, and changing the direction of orientation of the
liquid crystal molecules for each of the partitioned pixels. In
this mode, it is possible to improve the viewing angle char-
acteristics; however, since it is required to produce liquid
crystal cells that have a complicated structure uniformly in
order to achieve pixel partitioning, a decrease in production
efficiency has been unavoidable.
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[0007] As a method of drastically improving such a prob-
lem, new drive systems that are different from the conven-
tional drive systems have been suggested. For example, there
is known a method of aligning a liquid crystal material having
positive dielectric anisotropy (A&>0) perpendicularly to the
substrate surface without voltage application, and driving
liquid crystal molecules in a transverse electric field gener-
ated by the electrodes disposed on the substrate surface (JP
57-000618 A; JP 50-093665 A; JP 10-153782 A; JP
10-186351A; JP 10-333171A; JP 11-024068 A; JP 2008-
020521A; Proc. 13™ IDW, 97 (1997); Proc. 137 IDW, 175
(1997); SID Sym. Digest, 319 (1998); SID Sym. Digest, 838
(1998); SID Sym. Digest, 1085 (1998); SID Sym. Digest, 334
(2000); and Eurodisplay Proc., 142 (2009)). In this method,
as an electric field in the transverse direction curves, liquid
crystal molecules align in a different direction when a voltage
is applied; therefore, multiple domains can be formed without
performing pixel partitioning as in the case of the MVA mode
described above. Accordingly, the method is excellent in view
of production efficiency. Liquid crystal display devices of
such a mode are called, according to JP 10-153782 A; IP
10-186351A; JP 10-333171A; JP 11-024068 A; JP 2008-
020521A; Proc. 13” IDW, 97 (1997); Proc. 13 IDW, 175
(1997); SID Sym. Digest, 319 (1998); SID Sym. Digest, 838
(1998); SID Sym. Digest, 1085 (1998); SID Sym. Digest, 334
(2000); and Eurodisplay Proc., 142 (2009), by various names
such as EOC and VA-IPS, but in the present invention, the
display mode will be hereinafter abbreviated as “VAIPS”.
[0008] However, in the VAIPS mode, since the physical
behavior of liquid crystal molecules is different from the
conventional method for driving a liquid crystal display
device, it is required to select a liquid crystal material under a
criterion different from the conventional criteria in connec-
tion with the liquid crystal material.

[0009] That is, in general, the threshold voltage (Vc) of
Fréedericksz transition in a twisted nematic (TN) mode is
represented by the following formula:

_ frdcg” K11 .
Tder + )\ de

[0010] the same threshold voltage in a super-twisted nem-
atic (STN) mode is represented by the following formula:

[Mathematical Formula 1]

xd K0 [Mathematical Formula 2]
- " aap .

T ey v\ A

and
[0011] the same threshold voltage in the VA mode is repre-
sented by the following formula:

— K33 [Mathematical Formula 3]
cel -

= deat - ) \ 1A

wherein Ve represents the Fréedericksz transition (V); & rep-
resents the ratio of the circumference of a circle to its diam-
eter; d_,, represents the distance (ium) between a first sub-

sirate and a second substrate; d,,, represents the distance
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(um) between a pixel electrode and a common electrode; d
represents the width (um) of the pixel electrode and/or com-
mon electrode; <rl>, <r2>and <r3> represent extrapolation
lengths (um); K11 represents the elastic constant (N) of splay;
K22 represents the elastic constant (N) of twist; K33 repre-
sents the elastic constant (N) of bend; and A€ represents
dielectric anisotropy.

[0012] However, in the VAIPS mode, since these general
calculation formulas do not fit, and no criteria for selecting
the liquid crystal material are available, there has been no
progress in the improvement of performance, and conse-
quently, application thereof into liquid crystal display devices
has been delayed.

[0013] On the other hand, in regard to the VAIPS mode,
disclosures have also been made on preferred compounds as
the liquid crystal material to be used (JP 2002-012867 A).
However, the liquid crystal composition described in the rel-
evant reference document uses a cyano-based compound, and
therefore, the liquid crystal composition is not suitable for
active matrix applications.

[0014] On the other hand, liquid crystal display devices
also have a problem of aiming to achieve mega contrast (CR)
by enhancing the black level with a bright luminance. It has
been suggested to improve the numerical aperture so as to
enable increasing the pixel display area of LCDs, to apply a
luminance enhancing film such as a dual brightness enhance-
ment film (DBEF) or a cholesteric liquid crystal (CLC) film,
or to reduce the light leakage caused by protrusions and the
like when the liquid crystal is subjected to vertical alignment.
Furthermore, there is also a demand for a display which is not
easily brought into disorder even under a pressing pressure in
a touch panel system.

SUMMARY OF THE INVENTION

[0015] The present invention is intended to solve the prob-
lems described above. That is, it is an object of the invention
to provide a liquid crystal display device of the VAIPS mode
which uses a liquid crystal material having negative dielectric
anisotropy (A€<0), and exhibits a fast response speed, a wide
viewing angle, a high transmittance at the time of light trans-
mission, a high black level at the time of light blockage, and
an excellent contrast ratio.

[0016] According to an aspect of the invention, there is
provided a liquid crystal display device including a first sub-
strate, a second substrate, and a liquid crystal composition
layer having negative dielectric anisotropy that is interposed
between the first substrate and the second substrate, in which
the liquid crystal display device has a plurality of pixels, each
of the pixels is independently controllable, the pixel includes
apair of a pixel electrode and a common electrode, these two
electrodes are provided on at least one substrate of the first
and second substrates, and the major axis of the liquid crystal
molecules in the liquid crystal composition layer is in a sub-
stantial vertical alignment or a hybrid alignment.

[0017] In the invention, liquid crystal molecules are verti-
cally aligned in at least one substrate surface, but the inven-
tion also includes a system in which liquid crystal molecules
are aligned vertically to the substrate surface at the other
substrate surface as well (hereinafter, referred to as n-VAIPS),
and a system in which liquid crystal molecules are aligned
horizontally to the substrate at the other surface at the other
surface substrate (hybrid alignment) (hereinafter, referred to
as n-HBIPS).
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[0018] Regarding the electrode structure of the n-VAIPS
and n-HBIPS modes according to the invention, the electrode
structure of the conventional transverse electric field modes
such as IPS, fringe-field switching (FFS) and improved FFS
can be applied. Furthermore, the behavior of liquid crystal
molecules according to the invention is as schematically
described in FIG. 1 to FIG. 3, and in a state under no voltage
application (FIG. 1), liquid crystal molecules undergo tran-
sition, when a voltage is applied through the electrodes dis-
posedinthe transverse direction, from a state of being aligned
vertically to the substrate surface to horizontal alignment on
the electrodes (FIG. 2). At this time, as the liquid crystal
molecules adopt a bend alignment state that is advantageous
in the flow effect, the system can attempt an increase in the
response speed as compared with the conventional liquid
crystal display elements.

[0019] The liquid crystal display element of FIG. 3 isina
state of reorientation of liquid crystal molecules at the time of
voltage application in the case where a common electrode is
disposed below a pixel electrode, with an insulating layer
interposed therebetween, and a further enhancement in con-
trast can be attempted by an increase in the numerical aperture
of the display pixels.

[0020] In a conventional drive method of the VA mode,
generally, due to the attempt to widen the viewing angle, it is
necessary to define the direction of tilt of the liquid crystal
molecules by using zone rubbing, protrusions, slit electrodes
and the like, and to promote the formation of multiple
domains, and thus the cell configuration tends to become
complicated. However, in the n-VAIPS and n-HBIPS modes
of the invention, since the direction oftilt of the liquid crystal
molecules can be defined by utilizing the phenomenon in
which the directions of the line of electric force generated by
the applied voltage are different at the two ends of an elec-
trode, the formation of multiple domains can be achieved only
by means of the shape of the pixel electrode, and with a
relatively simple cell configuration, an increase in the view-
ing angle and an increase in contrast can be achieved.
[0021] In general, the value of the Fréedericksz transition
(Vc) is represented by Formula (1) in the TN mode, by For-
mula (2) in the STN mode, and by Formula (3) in the VA
mode. However, it was found that the following Mathematical
Formula (4) is applicable to the liquid crystal display device
of the invention:

[Mathematical Formula 4]

dgap =Y Adeey K33
. (5
dmo 1) o —(r) | 18]

[0022] wherein Vc represents the Fréedericksz transition
(V); m represents the ratio of the circumference of a circle to
its diameter; d_,;, represents the distance (um) between a first
substrate and a second substrate; d,,, represents the distance
(um) between a pixel electrode and a common electrode; d 7,
represents the width (um) of the pixel electrode and/or com-
mon electrode; <r>, <r"> and <r3> represent extrapolation
lengths (um); K33 represents the elastic constant (N) of bend,
and A€ represents dielectric anisotropy. Regarding the cell
configuration according to Mathematical Formula 4, it was
found that a decrease in the driving voltage can be attempted
by making the value of d,., as low as possible, and the value
of d;7, as high as possible, and regarding the liquid crystal
composition used, a decrease in the driving voltage can be
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attempted by selecting a high absolute value of A€ and a low
value of K33. Based on these findings, the inventors found a
liquid crystal having negative dielectric anisotropy that is
appropriate for the liquid crystal display device described
above.

[0023] The most prominent feature of the liquid crystal
display device of the invention is that these liquid crystal
molecules that can easily start moving start to move about not
at the center between two sheets of substrates, but from a site
that is shifted toward any one substrate surface and has been
brought closer to one substrate, and this feature is different
from that of the conventional TN, IPS, VA and OCB modes.
[0024] The invention has improved characteristics such as
the response speed, amount of light transmission, light leak-
age caused by an external pressure such as the use of a touch
panel, viewing angle and contrast ratio, and has realized a
higher response speed, a larger amount of light transmission,
areduction in light leakage caused by an external pressure, a
wider viewing angle, and a higher contrast ratio, as compared
with liquid crystal display devices produced by the conven-
tional technologies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG.1is adiagramillustrating the state of alignment
of liquid crystal molecules without voltage application (an
example of n-VAIPS);

[0026] FIG. 2 is a diagram illustrating the state of realign-
ment of liquid crystal molecules at the time of voltage appli-
cation (an example of n-VAIPS);

[0027] FIG. 3 is a diagram illustrating the state of realign-
ment of liquid crystal molecules at the time of voltage appli-
cation in the case where a common electrode is disposed
below a pixel electrode, with an insulating layer interposed
therebetween (FFS) (an example of n-VAIPS);

[0028] FIG. 4 is a diagram illustrating the electrode con-
figuration of a test cell;

[0029] FIG.5is adiagram illustrating the state of alignment
of liquid crystal molecules without voltage application (ex-
ample 1 of n-HBIPS);

[0030] FIG. 6 is a diagram illustrating the state of realign-
ment of liquid crystal molecules upon voltage application
(example 1 of n-HBIPS);

[0031] FIG.7is adiagram illustrating the state of alignment
of liquid crystal molecules without voltage application (ex-
ample 2 of n-HBIPS); and

[0032] FIG. 8 is a diagram illustrating the state of realign-
ment of liquid crystal molecules upon voltage application
(example 2 of n-HBIPS).

DESCRIPTION OF REFERENCE NUMERALS

[0033] 1FIRST SUBSTRATE

[0034] 2 LIGHT BLOCKING LAYER
[0035] 3 ALIGNMENT LAYER
[0036] 4 LIQUID CRYSTAL

[0037] 5 ALIGNMENT LAYER
[0038] 6 PIXEL ELECTRODE

[0039] 7 COMMON ELECTRODE
[0040] 8 SECOND SUBSTRATE

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] In the present invention, regarding the arrangement
of the pixel electrode and the common electrode, the same

Oct. 10, 2013

arrangement as that in the conventional transverse electric
field modes such as IPS can be applied, and there are no
particular limitations as long as the liquid crystal molecules
can be appropriately controlled. However, it is preferable that
the distance between the pixel electrode and the common
electrode (d,,,, um) be smaller than the width of the pixel
electrode or common electrode (d;y,, pm).

[0042] In regard to the liquid crystal display device
described above, the liquid crystal composition layer prefer-
ably contains two or more kinds of compounds selected from
the group of compounds represented by General Formula
(LC1) to General Formula (LCS5):

[Chemical Formula 1]

LCl)
F F
(LC2)
F
LC3)

F T
my m

(LCd)

F F

E . F

" Q Z4 Rl
LCs)

F F

Rl Z3 ZS

" Z4 Rl

[0043] wherein R, and R, each independently represent an
alkyl group having 1 to 15 carbon atoms; one or two or more
CH, groups in the alkyl group may be substituted by —O—,
—CH—CH—, —(C0—, —C00—, —CO00—, —C=C—,
—CF,0— or —OCF,—, such that O atoms are not directly
adjacentto eachother; one or two or more H atoms in the alkyl
group may be optionally substituted by halogen; A, and A,
each independently represent any one of the following struc-
tures:
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[Chemical Formula 2]

F

F E F
[0044] (wherein one or two or more CH, groups in the
cyclohexane ring of the structure may be substituted by O
atoms, one or two or more CH groups in the benzene ring of
the structure may be substituted by N atoms; and one or two
or more H atoms in the structure may be substituted by Cl,
CF, or OCF,); Z, to Z, each independently represent a single
bond, —CH—CH—, —C=C—, —CH,CH,—, —(CH,)
+— —COO0—, —OCH,—, —CH,0—, —OCF,— or
—CF,0—, while at least one of Z, and 7, is not a single

bond; Z; represents a CH, group or an O atom; m, and m,
each independently represent 0 to 3, and m,+m, is 1, 2 or 3.

[0045] In the General Formula (LC1) to General Formula
(LCS), R, preferably represents an alkyl group having 1 to 8
carbon atoms, an alkenyl group having 2 to 8 carbon atoms, or
an alkoxy group having 1 to 8 carbon atoms;

[0046] A, and A, each independently represent preferably a
1,4-cyclohexylene group, a 1,4-phenylene group or a 2,3-
difluoro-1,4-phenylene group;

[0047] Z, to 7, each independently represent preferably a
single bond, —C=C—, —CH,CH,—, —OCH,—,
—CH,0—, —OCF,— or —CF,0—, and more preferably a
single bond, —OCH,—, —CH,0—, —OCF,— or
—CF,0—; and m, and m, each independently represent
preferably an integer from 0 to 2, while m, +m, is preferably
lor2.

[0048] More preferably, the compound of General Formula
(LC2)1is a compound represented by any one of the following
General Formula (LC2)-1 to General Formula (LC2)-3:

[Chemical Formula 3]

LC2)1
F F
R R
(1.C2)2
F F
(LC2)-3

F F F F
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whereinR | and R, have the same meanings as R, and R, ofthe
General Formula (LC2), respectively; and/or
[0049] the compound of General Formula (LC3) is a
compound represented by any one of the following Gen-
eral Formula (LC3)-1 to General Formula (LC3)-13:

[Chemical Formula 4]

LC3)-1
F F
R14<:>7CH204%;§7R2
(LC3)-2
E F
{LC3)-3
F F
Rl@_chm R2
(LC3)4
F F
R14<:>_<:>7CHZO Rl
LC3)-5
F F
RI%CFZO@RZ
(LC3)6
F F
R14<:>7CH20‘%;§_<:>7R2
(LC3)-7
F F
R]O CHZO @7 OCH2 O R2
(LC3)-8
E F
R14<:>7CHZOR2
{LC3)-9

F F F T
Rl_<:>_CZH4RZ
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-continued
(LC3)-10

(LC3)-11

F T

(LC3)12

F F
RIOQZIRZ

(LC3)-13

E F

whereinR,, R,, A, and 7, have the same meanings as R;, R,
A and 7, of the General Formula (LC3), respectively; and/or

[0050] the compound of General Formula (LC4) is a com-
pound represented by any one of the following General For-
mula (LC4)-1 to General Formula (LC4)-6, and the com-
pound of General Formula (LC5) is a compound represented
by any one of the following General Formula (LC5)-1 to
General Formula (LC5)-4:

[Chemical Formula 5]

LC4)-1
F F
F
~ )
O
LC4)-2
F F
F
~O
O
(LC4)-3
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-continued

(LC4)-4
F F

F
R14C>7CH20 Q

(LC4)-5
F F
F
{LCA)6
F F
F
~O-CO-2
{LC5)-1
E F
R, 0
Ry
LC5)-2
E F
R14<:>—CHZO 0
R,
LC5)-3
F F
R Q
R,
(LC5)-4
F F
R14<:>_<:>7 o °
Ry

[0051] wherein R, and R, have the same meanings as R,
and R, of the General Formulas (I.C4) and (LCS). respec-
tively. Even more preferably, the compound is a compound
represented by any one of General Formulas (L.C3) to (LC5),
in which at least one of Z, and 7, is —OCF,— or —CF,0—.

[0052] Furthermore, it is preferable that the liquid crystal
composition layer contain a compound represented by Gen-
eral Formula (LC6):
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[Chemical Formula 6]

ol

wherein R, and R, each independently represent an alkyl
group having 1 to 15 carbon atoms; one or two or more CH,
groups in the alkyl group may be substituted by —O—,
—CH—CH—, —CO—, —CO0O—, —CO0—, —C=C—,
—CF,0— or —OCF,— such that O atoms are not directly
adjacentto each other; one or two ormore H atoms in the alkyl
group may be optionally substituted by halogen; B, to B; each
independently represent any one of the following:

[Chemical Formula 7]

OO

[0053] (wherein one or two or more CH,CH, groups in the
cyclohexane ring may be substituted by —CH—CH—,
—CF,0— or—OCF ,—; and one or two or more CH groups
in the benzene ring may be substituted by N atoms); Z; and Z,,
each independently represent a single bond, —CH—CH—,
—(C=C—, —CH,CH,—, —(CH,),— —CO00—,
—OCH,—, —CH,0—, —OCF,— or —CF,0—; at least
one of 7, and 7, is not a single bond; and m, represents 0 to
3.

[0054] The compound represented by General Formula
(LC6)is a compound represented by any one of the following
General Formula (LC6)-1 to General Formula (LC6)-11:

[Chemical Formula 8]

(LC6)-1
(LC6)-2
{LC6)-3
{LC6)-4
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-continued
LC6)-5
{LC6)-6
{LC6)-7

(LC6)-8

{LC6)-9

RI%CHZOORz

(LC6)-10

RIOCHZORZ

(LC6)-11
F
®

whereinR | and R, have the same meanings as R, and R, ofthe
General Formula (LC6), respectively. More preferably, the
compound may include one kind or two or more kinds of
compounds in which R, and/or R, in the General Formula
(LC6) is an alkenyl group or an alkenyloxy group, and/or any
one of 7Z, and Z, in the General Formula (LC6) is
—CH—CH—, —(C=(C—, —CH,CH,—, —(CH,),—,
—C00—, —OCH,—, —CH,0— —OCF,— or
—CF,0—, and the other is a single bond.

[0055] An even more preferred example of the liquid crys-
tal composition contains a compound represented by General
Formula (LC6) in an amount of 30% to 70% by mass, and/or
two or more kinds of compounds represented by General
Formulas (LC1) to (LCS) in which A€ is -4 or less. Particu-
larly preferably, the liquid crystal composition contains two
or more kinds of compounds represented by General Formula
(LC2)to (LC5) in which A& is -4 or less, inan amount of 70%
to 30% by mass.

[0056] The viscosity 1) of the liquid crystal composition is
preferably 20 mPa-s or less at 20° C.

[0057] Furthermore, the liquid crystal composition may
contain one kind or two or more kinds of polymerizable
compounds, and preferably, the polymerizable compound is a
disc-shaped liquid crystal compound having a structure in
which a benzene derivative, a triphenylene derivative, a trux-
ene derivative, a phthalocyanine derivative or a cyclohexane
derivative serves as a parent nucleus at the center of the
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molecule, and a linear alkyl group, a linear alkoxy group or a
substituted benzoyloxy group is radially substituted as a side
chain.

[0058] Specifically, the polymerizable compound is prefer-
ably a polymerizable compound represented by General For-
mula (PC1):

[Chemical Formula 9]

(PC1) (Pl—Spl_Ql‘),,l_MG—(Rz)w2

wherein P, represents a polymerizable functional group; Sp,
represents a spacer group having 0 to 20 carbon atoms; Q,
represents a single bond, —O—, —NH—, —NHCOO—,
—OCONH—, —CH=—CH—, —CO—, —CO0—,
—C00—, —0CO0—, —00CO—, —CH—CH—,
—CH—CH—CO0—,—0CO—CH—CH—or —C=C—;
n, and n, each independently represent 1, 2 or 3; MG repre-
sents a mesogen group or a mesogenic supporting group; Ry
represents a halogen atom, a cyano group or an alkyl group
having 1 to 25 carbon atoms; one or two or more CH, groups
in the alkyl group may be substituted by —O—, —S—,
—NH—, —N(CH;)—, —CO—, —CO0O—, —0OCO—,
—0CO0—, —SCO—, —COS— or —C=C—ssuch that O
atoms are not directly adjacent to each other; or R ; represents
P,-Sp,-Q,- (wherein P,, Sp, and Q, each independently have
the same meanings as P,, Sp; and Q,)).

[0059] More preferably, the polymerizable compound is a
polymerizable compound in which MG in General Formula
(PC1) is represented by the following structure:

[Chemical Formula 10]

— Ot GG

wherein C, to C; each independently represent a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, a 1,4-cyclohexenyl
group, a tetrahydropyrane-2,5-diyl group, a 1,3-dioxane-2,5-
diyl group, a tetrahydrothiopyrane-2,5-diyl group, a 1,4-bi-
cyclo(2,2,2)octylene group, a decahydronaphthalene-2,6-
diyl group. a pyridine-2,5-diyl group, a pyrimidine-2,5-diyl
group, a pyrazine-2,5-diyl group, a 1,2,3 4-tetrahydronaph-
thalene-2,6-diyl group, a 2,6-naphthylene group, a phenan-
threne-2,7-diyl group, a 9,10-dihydrophenanthrene-2,7-diyl
group, a 1,2,3,4,4a,9,10a-octahydrophenanthrene-2,7-diyl
group, or afluorene-2,7-diyl group; the 1,4-phenylene group,
1,2,3.4-tetrahydronaphthalene-2,6-diyl group, 2,6-naphthyl-
ene group, phenanthrene-2,7-diyl group, 9,10-dihydro-
phenanthrene-2,7-diyl group, 1,2,3,4,4a,9.10a-octahydro-
phenanthrene-2,7-diyl group, and fluorene-2,7-diyl group
may have, as substituents, one or more of F, Cl, CF5, OCF;, a
cyano group, an alkyl group having 1 to 8 carbon atoms, an
alkoxy group, an alkanoyl group, an alkanoyloxy group, an
alkenyl group having 2 to 8 carbon atoms, an alkenyloxy
group, an alkenoyl group, oran alkenoyloxy group; Y, and Y,
each independently represent —COO—, —OCO—,
—CH,CH,—, —OCH,— —CH,0— —CH=CH—,

~(=C-, —CH—CHCOO -, —OCOCH—CH,
—CH,CH,CO0—, —CH,CH,0CO—,
— COOCH,CH,—, —OCOCH,CH, , —CONH,

—NHCO— or a single bond; and n, represents 0, 1 or 2. Sp,
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and Sp, each independently represent an alkylene group, and
the alkylene group may be substituted with one or more
halogen atoms or CN. One or two or more CH,, groups thatare
present in this group may be substituted by —O—, —S—,
—NH—, —N(CH;)—, —CO—, —CO0—, —0OCO—,
—0CO0—, —SCO—, —COS— or —C=C— such that O
atoms are not directly adjacent to each other, and P, and P, are
each independently represented by any one of the following
General Formula (PC1-a) to General Formula (PC1-d):

[Chemical Formula 11]

(PC1-2)
I|{41
—O_C=T_R43
Ry
(PC1-b)
I|{41
—C=C—Ry;
Ry
(PC1-¢)
Rs;
—O—ﬁ—C=C—R53
0 Rs
(PC1-d)
Il{sl Il{sz
—C—C—Rg3
\/
0

whereinR,, to R,3, Rs, to Rs;, and R, to R, each indepen-
dently represent a hydrogen atom, a halogen atom, or an alkyl
group having 1 to 5 carbon atoms. More specifically, the
polymerizable compound is preferably a polymerizable com-
pound in which General Formula (PC1) is represented by
General Formula (PC1)-1 or General Formula (PC1)-2:

[Chemical Formula 12]
(PCI1)-1
Cr—S8pr— Qi MG—tQ—5py— Py,

, (PC1)-2
Pr—Qr7 MG—Q Py,

wherein P, Sp,, Q,, P,, Sp,, Q, and MG have the same
meanings as P, Spy, Q;, P,, Sp,, Q, and MG of General
Formula (PC1);and n, and n, each independently represent 1,
2or3.

[0060] More specifically, the polymerizable compound is
more preferably a polymerizable compound in which General
Formula (PC1) is represented by any one of General Formula
(PC1)-3 to General Formula (PC1)-8:
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[Chemical Formula 13]

(PC1)-3
(PI_SPI_Q1‘>\ Qz_spz_Pz)

(Wl)ns
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(PC1)-4

9\<:>7COO @ 4

(PC1}-5

P—S8p—

_spl—Q1>\ \ / \ / Q—Sp— Pz

1W1)n6
P—S8p—0Q,

(Wl)ns

(PC1)-6

KQ {}@ o

(PC1)-7

(W ne

(PC1)-8

’\Q @ @@ o

wherein W, each independently represents F, CF;, OCF,,
CH,;, OCH,, an alkyl group having 2 to 5 carbon atoms, an
alkoxy group, an alkenyl group, COOW,, OCOW, or
OCOOW, (wherein W, represents a linear or branched alkyl
group having 1 to 10 carbon atoms, or an alkenyl group
having 2 to 5 carbon atoms); and n, represents 0, 1,2, 3 or 4.

[0061] Even more preferably, Sp,, Sp,, Q, and Q, in the
General Formula (PC1) for the polymerizable compound are
all single bonds; n; and n, are such that n;+n, is from 3 to 6;
P, and P, are represented by formula (7-b); W, is F, CF;,
OCF;, CH, or OCH,; and n, represents 1, 2,3 or 4.

[0062] Furthermore, the polymerizable compound is also
preferably a disc-shaped liquid crystal compound in which
MG in General Formula (PC1) is represented by General
Formula (PC1)-9:

[Chemical Formula 14]

(PC1)-9

-continued
(PCl-¢)

—0—C Rg;

wherein R, each independently represents P,-Sp,-Q, or a
substituent of General Formula (PC1-e) (wherein P, Sp, and
Q, have the same meanings as P,, Sp, and Q, of General
Formula (PC1), respectively); Ry, and Ry, each indepen-
dently represent a hydrogen atom, a halogen atom or a methyl
group; Rg; represents an alkoxy group having 1 to 20 carbon
atoms; and at least one hydrogen atom in the alkoxy group is
substituted by a substituent represented by any one of the
General Formulas (PC1-a) to (PC1-d).

[0063] The amount of use of the polymerizable compound
is preferably 0.05% to 2.0% by mass.

[0064] Theliquid crystal composition can be used alone for
the applications described above, may further include one
kind or two or more kinds of oxidation inhibitors, or may
further include one kind or two or more kinds of UV absorb-
ers.

[0065] The product (An-d) of the refractive index anisot-
ropy (An) of the liquid crystal composition with the distance
(d) between the first substrate and the second substrate of a
display device is, in the case of a vertical alignment, prefer-
ably 0.20t0 0.59; in the case of a hybrid alignment, preferably
0.21 to 0.61; in the case of a vertical alignment, particularly
preferably 0.30 to 0.40; and in the case of a hybrid alignment,
particularly preferably 0.32 to 0.44.
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[0066] On each of the surfaces that are brought into contact
with the liquid crystal composition on the first substrate and
the second substrate of the display device, an alignment film
formed from a polyimide (PI), a polyamide, a chalcone, a
cinnamate, a cinnamoyl or the like can be provided so as to
align the liquid crystal composition, and the alignment film
may also be a film produced using a photo-alignment tech-
nology.

[0067] In the case of a vertical alignment, the tilt angle of
the long axis of the liquid crystal molecules in the liquid
crystal composition on the substrate surface is preferably 85°
to 90°, and in the case of a hybrid alignment, the tilt angle of
the long axis of the liquid crystal molecules in the liquid
crystal composition on the substrate surface of one of the first
substrate and the second substrate is preferably 85° to 90°,
while the tilt angle of the long axis of the liquid crystal
molecules on the other substrate surface is preferably 3° to
20°.

EXAMPLES

[0068] Hereinafter, some of the best modes of the invention
will be described in detail by way of Examples, but the inven-
tion is not intended to be limited to these Examples. Further-
more, the unit “percent (%)” for the compositions of the
following Examples and Comparative Examples means “pet-
cent (%) by mass”.

[0069] The properties of the liquid crystal composition will
be indicated as follows.

[0070] T, Nematic phase-isotropic liquid phase transi-
tion temperature (° C.) as the upper limit temperature of the
liquid crystal phase

[0071] AE&: Dielectric anisotropy
[0072] An: Refractive index anisotropy
[0073] Vsat: Applied voltage at which the transmittance

changes by 90% when square waves are applied at a fre-
quency of 1 kHz

[0074] The following abbreviations are used for the indica-
tion of compounds.

n (number) at the end CHypo—

2 —CH,CH,—

-10- ~CH,0—

-0l —OCH,—

-On —OC,H,,, 1

-1=1- —HC=CH—

ndm- C,Hyp, ;—HC=CH—(CH,),,_;—

[Chemical Formula 15]

O~

Cy Ph Ph5
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-continued
F F F F
F
C O
Nd4 Ch3

:/< F
Cb Cbl

Example 1

[0075] An electrode structure such as illustrated in FIG. 4
was produced on a second substrate, and a first substrate
having no electrode structure provided thereon was used. An
alignment film of vertical alignment was formed on each of
the respective surfaces that faced each other. The liquid crys-
tals having negative dielectric anisotropy indicated as
Example 1 in Table 1 were interposed between the first sub-
strate and the second substrate, and thus a liquid crystal
display device was produced (cell thickness: 4.0 um, align-
ment film: SE-5300).

Comparative Example 1

[0076] A conventional VA liquid crystal display device was
produced using the liquid crystal composition used in
Example 1, and the property values were measured. The
results are presented together in Table 1.

[0077] The liquid crystal display device of the invention
realized a higher response speed, a larger amount of light
transmission, a reduction in light leakage caused by external
pressure, a wider viewing angle, and a higher contrast ratio, as
compared with the liquid crystal display device of Compara-
tive Example 1 in which the same liquid crystals having
negative dielectric anisotropy were interposed.

Example 2

[0078] An electrode structure such as illustrated in FIG. 4
was produced on a second substrate, and a first substrate
having no electrode structure provided thereon was used. An
alignment film of vertical alignment was formed on each of
the other sides of the respective surfaces that faced each other,
and an alignment film of horizontal orientation was formed on
each of the reverse sides. The liquid crystals having negative
dielectric anisotropy indicated as Example 2 in Table 1 were
interposed between the first substrate and the second sub-
strate, and thus a liquid crystal display device was produced
(cell thickness: 4.0 um, alignment films: SE-5300, AL-1051).
The liquid crystal display device realized a higher response
speed, a larger amount of light transmission, a reduction in
light leakage caused by external pressure, a wider viewing
angle, and a higher contrast ratio, as compared with a con-
ventional VA liquid crystal display device in which the same
liquid crystals having negative dielectric anisotropy were
interposed.
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Example 3

[0079] An electrode structure such as illustrated in FIG. 4
was produced on a second substrate, and a first substrate
having no electrode structure provided thereon was used. An
alignment film of vertical alignment was formed on each of
the respective surfaces that faced each other. The liquid crys-
tals having negative dielectric anisotropy indicated as
Example 3 in Table 1 and 0.3% by mass of 2-methylacrylic
acid 4'-{2-[4-(2-acryloyloxyethyl)phenoxycarbonyl]
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While a driving voltage was applied between the electrodes,
ultraviolet radiation was irradiated for 600 seconds (3.0
J/em?), and thus a polymerization treatment was carried out.
[0082] The liquid crystal display device realized a higher
response speed, a larger amount of light transmission, a
reduction in light leakage caused by external pressure, a
wider viewing angle, and a higher contrast ratio, as compared
with a conventional VA liquid crystal display device in which
the same liquid crystals having negative dielectric anisotropy
were interposed.

TABLE 1

Comparative

Example I Example 2 Example 3 Example 4 Example 1

0d1-Cy-Cy-3 20 20 20 20 20
3-Cy-Cy-2 15 15 15 15 15
3-Cy-Ph-O1 5 5 5 5 5
0d1-Cy-10-Ph5-01-Cy-2 11 11 11 11 11
0d1-Cy-10-Ph5-01-Cy-3 11 11 11 11 11
0d1-Cy-10-Ph5-01-Cy-4 11 11 11 11 11
0d1-Cy-10-Ph5-01-Cy-5 11 11 11 11 11
0d1-Cy-Cy-10-Ph5-03d0 4 4 4 4 4
0d1-Cy-Cy-10-Ph5-04d0 4 4 4 4 4
0d1-Cy-10-Ph5-01-Cy-Cy-2 4 4 4 4 4
0d1-Cy-10-Ph5-01-Cy-Cy-3 4 4 4 4 4
Sum of composition ratios (%) 100 100 100 100 100
Tni/° C. 82.4 82.4 82.4 82.4 82.4
An (20°) 0.074 0.074 0.074 0.074 0.074
1n20/mPa - s 16.1 16.1 16.1 16.1 16.1
Ae (20°C.) -4.7 -4.7 -4.7 -4.7 -4.7
Vsat/V (25° C.) 4.32 4.13 4.18 4.10 478
wr,d/msec (25°C., 6 V) 3.7 4.1 4.3 4.4 19.6

ethyl }biphenyl-4-yl ester were interposed between the first
substrate and the second substrate, and thus a liquid crystal
display device was produced (cell thickness: 4.0 um, align-
ment film: SE-5300). While a driving voltage was applied
between the electrodes, ultraviolet radiation was irradiated
for 600 seconds (3.0 J/cm?), and thus a polymerization treat-
ment was carried out.

[0080] The liquid crystal display device realized a higher
response speed, a larger amount of light transmission, a
reduction in light leakage caused by external pressure, a
wider viewing angle, and a higher contrast ratio, as compared
with a conventional VA liquid crystal display device in which
the same liquid crystals having negative dielectric anisotropy
were interposed.

Example 4

[0081] An electrode structure such as illustrated in FIG. 4
was produced on a second substrate, and a first substrate
having no electrode structure provided thereon was used. An
alignment film of vertical alignment was formed on each of
the other sides of the respective surfaces that faced each other,
and an alignment film of horizontal orientation was formed on
each of the reverse sides. The liquid crystals having negative
dielectric anisotropy indicated as Example 4 in Table 1 were
interposed between the first substrate and the second sub-
strate, and thus a liquid crystal display device was produced
(cell thickness: 4.0 um, alignment films: SE-5300, AL-1051).

Examples 5 and 6

[0083] A liquid crystal display device of Example 5 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 2, and a liquid crystal display device of
Example 6 was produced in the same manner as in Example
1.

TABLE 2
Example 5 Example 6

3-Cy-10-Ph5-02 11 11
5-Cy-10-Ph5-02 10 10
0d1-Cy-Cy-3 20
0d1-Cy-Cy-5 20
0d3-Cy-Cy-3 10 10
3-Cy-1=1-Cy-3 10 10
3-Cy-Cy-2
3-Cy-Ph-O1
0d1-Cy-10-Ph5-01-Cy-2
0d1-Cy-10-Ph3-01-Cy-3 5
0d1-Cy-10-Ph3-01-Cy-4
0d1-Cy-10-Ph3-01-Cy-5
0d1-Cy-Cy-10-Ph5-03d0 5
0d1-Cy-Cy-10-Ph5-04d0 5
2-Cy-Cy-10-Ph5-02 5 5
3-Cy-Cy-10-Ph5-02 12 12
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TABLE 2-continued

Example 5 Example 6
4-Cy-Cy-10-Ph5-02 5 5
0d1-Cy-10-Ph3-01-Cy-Cy-1d0 12
0d1-Cy-10-Ph5-01-Cy-Cy-2 5
0d1-Cy-10-Ph5-01-Cy-Cy-3 2
Sum of composition ratios (%) 100 100
Tni/° C. 79.6 789
An (20°) 0.074 0.075
Nn20/mPa - s 17.8 18.2
Ae (20°C.) -4.3 -4.8
Vsat/V (25° C.) 4.24 427
Tr + d/msec (25° C., 6 V) 37 38

[0084] Theliquid crystal display devices of Examples 5 and
6 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external
pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.

Examples 7 to 10

[0085] A liquid crystal display device of Example 7 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 3; a liquid crystal display device of Example 8
was produced in the same manner as in Example 1; a liquid
crystal display device of Example 9 was produced in the same
manner as in Example 1; and a liquid crystal display device of
Example 10 was produced in the same manner as in Example
L.

TABLE 3

FExam- Exam- Example

ple 7 ple8  Example 9 10
0d1-Cy-10-Ph5-03d0 5
0d1-Cy-10-Ph5-0440 5
0d1-Cy-Cy-3 10 4
3-Cy-Cy-2 10 18 10
3-Cy-Cy-4 6 15 3
3-Cy-Ph-02 12 12 15 4
5-Ph-Ph-1 10 3 3 10
0d1-Cy-10-Ph5-01-Cy-2 10 10 10
0d1-Cy-10-Ph5-01-Cy-3 12 12 12
0d1-Cy-10-Ph5-01-Cy-4 12 12 12
0d1-Cy-10-Ph5-01-Cy-5 10 10 10
0d1-Cy-Cy-10-Ph5-01d0 10
0d1-Cy-Cy-10-Ph5-02d0 10
0d1-Cy-Cy-10-Ph5-03d0 15
0d1-Cy-Cy-10-Ph5-04d0 15
3-Cy-Cy-Ph-1 6 3 6
0d1-Cy-10-Ph$-01-Cy-Cy-2 4 4 4
0d1-Cy-10-Ph$-01-Cy-Cy-3 4 4 4
Sum of composition 100 100 100 100
ratios (%)
Tni/° C. 75.5 81.8 83.5 75.1
An (207 0.088  0.077 0.078 0.087
120/mPa - s 16 16.5 20.2 15.5
Ae (20°C)) -4.2 -4.2 -4.2 -4.3
Vsat’'V (25° C.) 4.52 4.57 4.55 4.50
Tt + d/msec (25°C., 6V) 3.6 3.6 3.8 3.5

[0086] The liquid crystal display devices of Examples 7 to
10 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external

11
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pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.

Examples 11 to 13

[0087] A liquid crystal display device of Example 11 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 4; a liquid crystal display device of Example 12
was produced in the same manner as in Example 1; and a
liquid crystal display device of Example 13 was produced in
the same manner as in Example 1.

TABLE 4

Example 11 Example12  Example 13
2-Cy-2-Nd4-02 4 4
2-Cy-2-Nd4-04 4 4
3-Cy-10-Ch3-5 3
3-Cy-10-Nd4-O4 3 4 4
5-Cy-10-Ch3-5 3
3-Cy-10-Nd4-02 2
3-Cy-10-Nd4-03 3 4 4
0d1-Cy-Cy-5 23
0d3-Cy-Cy-3 10
1d1-Cy-Cy-3 8
3-Cy-Cy-2 15
3-Cy-Cy-4 7 6 22
3-Cy-Cy-5 7 22
3-Cy-Ph-2 15 15
3-Cy-Ph-O1 5
3-Cy-Ph-0O2 5
5-Ph-Ph-1 6
2-Cy-Cy-10-Nd4-02 3 4 4
2-Cy-Cy-10-Nd4-04 2 4 4
3-Cy-2-Cy-10-Nd4-02 4
3-Cy-2-Cy-10-Nd4-03 4
3-Cy-Cy-10-Ch3-5 3
3-Cy-Cy-10-Nd4-04 3 4 4
4-Cy-Cy-10-Ch3-5 3
4-Cy-Cy-10-Nd4-02 2 4 4
4-Cy-Cy-2-Nd4-02 6 6
3-Cy-Cy-Ph-1 8 3
Sum of composition 100 100 100
ratios (%)
Tni/* C. 92 90 91
An (20°) 0.093 0.092 0.093
n20/mPa - s 24.9 24.1 255
Ae (20°C.) -3.3 -3.2 -32
Vsat'V (25° C.) 5.16 5.32 5.28
Tr + d/msec (25° C., 6 V) 4.7 4.7 4.8

[0088] Theliquid crystal display devices of Examples 11 to
13 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external
pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.

Examples 14 and 15

[0089] A liquid crystal display device of Example 14 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 5, and a liquid crystal display device of
Example 15 was produced in the same manner as in Example
1.
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TABLE 5 TABLE 6-continued
Example 14 Example 15 Example 16 ~ Example17  Example 18

3-Cy-10-Ch3-$ 2 4-Cy-Cy-10-Ch3-5 2 3

3-Cy-2-PhS-02 6 10 4-Cy-Cy-10-Nd4-02 2

3-Cy-Phs-02 10 3-Cy-Cy-Ph-1 8 9 6

4-Cy-10-Nd4-02 5 5 3-Cy-Ph-Ph-1 9 6

5-Cy-10-Ch3-$ 2

0d1-Cy-Cy-3 16 Sum of composition 100 100 98

3-Cy-1=1-Cy-3 10 ratios (%)

3-Cy-Cy-2 15 Tni/° C. 86 81 76

3-Cy-Cy-4 7 An (20°) 0.091 0.082 0.104

3-Cy-Cy-5 7 M20/mPa - s 2 192 178

3-Cy-Ph-01 6 A€ (20°C) -2 -25 -23

3-Cy-2-Cy-10-Nd4-02 3 Vsat/V (25° C.) 571 5.93 6.12

3-Cy-2-Cy-10-Nd4-03 3 r + d/msec (25° C., 6 V) 37 3.6 37

3-Cy-Cy-10-Ch3-5 2

3-Cy-Cy-2-Ph3-02 7 10

gggzgﬂ;gz ; }8 [0092] Theliquid crystal display devices of Examples 16 to

4-Cy-Cy-10-Ch3-5 2 18 realized higher response speeds, larger amounts of light

5-Cy-Cy-10-Nd4-03 5 5 transmission, a reduction in light leakage caused by external

0d1-Cy-Cy-Ph-1 14 pressure, wider viewing angles, and higher contrast ratios, as

3-Cy-Cy-Ph-1 14 . 5 I . .
compared with conventional VA liquid crystal display devices

Sum of composition ratios 100 100 in which the same liquid crystals having negative dielectric

Tni/° C. 87 85 anisotropy were interposed.

An (209) 0.086 0.085

1n20/mPa - s 242 23.8

Ae(20°C.) =27 -2.5 Examples 19 to 22

Vsat/V (25°C.) 572 5.81

Tr + d/msec (25° C., 6 V) 4.7 4.7

[0090] The liquid crystal display devices of Examples 14
and 15 realized higher response speeds, larger amounts of
light transmission, a reduction in light leakage caused by
external pressure, wider viewing angles, and higher contrast
ratios, as compared with conventional VA liquid crystal dis-
play devices in which the same liquid crystals having negative
dielectric anisotropy were interposed.

Examples 16 to 18

[0091] A liquid crystal display device of Example 16 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 6; a liquid crystal display device of Example 17
was produced in the same manner as in Example 1; and a
liquid crystal display device of Example 18 was produced in
the same manner as in Example 1.

TABLE 6
Example 16 ~ Example 17 Example 18

3-Cy-10-Ch3-5 3

3-Cy-10-Nd4-04 3 4
5-Cy-10-Ch3-5 3

5-Cy-10-Nd4-02 2 4 4
5-Cy-10-Nd4-03 3 4 4
3-Cy-Cy-2 7 21 11
3-Cy-Cy-4 11 7 7
3-Cy-Cy-5 11 7 7
3-Cy-Ph-2 6
3-Cy-Ph-O1 7 13 7
3-Cy-Ph-O2 7 13 7
5-Ph-Ph-1 6 13
2-Cy-Cy-10-Nd4-02 3 4 4
2-Cy-Cy-10-Nd4-04 2

3-Cy-2-Cy-10-Nd4-02 3 4 4
3-Cy-2-Cy-10-Nd4-03 3 4 4
3-Cy-Cy-10-Ch3-5 2 3
3-Cy-Cy-10-Nd4-04 3 4 4

[0093] A liquid crystal display device of Example 19 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 7; a liquid crystal display device of Example 20
was produced in the same manner as in Example 1; a liquid
crystal display device of Example 21 was produced in the
same manner as in Example 1; and a liquid crystal display
device of Example 22 was produced in the same manner as in
Example 1.

TABLE 7
Example Exam- Exam- Exam-
19 ple20  ple2l ple22

3-Cy-10-Ph5-02 2 11
5-Cy-10-Ph5-02 2 10
0d1-Cy-Cy-3 30
0d1-Cy-Cy-5 4 4 10 20
0d3-Cy-Cy-3 10
3-Cy-1=1-Cy-3 10
3-Cy-Cy-2 4 4
3-Cy-Cy-4 4 4
3-Cy-Cy-5 4 4
3-Cy-Ph-01 2 2
5-Ph-Ph-1 20 20
0d1-Cy-10-Ph3-01-Cy-1d0 12
0d1-Cy-10-Ph3-01-Cy-2 7 8 10
0d1-Cy-10-Ph5-O1-Cy-3 7 8 12
0d1-Cy-10-Ph3-01-Cy-4 7 8 12
0d1-Cy-10-Ph3-01-Cy-3 5 10
0d1-Cy-Cy-10-Ph5-03d0 13 6
0d1-Cy-Cy-10-Ph5-04d0 13 6
2-Cy-Cy-10-Ph35-02 13 5
3-Cy-Cy-10-Ph5-02 13 12
4-Cy-Cy-10-Ph5-02 13 5
0d1-Cy-10-Ph5-01-Cy-Cy-2 5 2 5
0d1-Cy-10-Ph5-01-Cy-Cy-3 5 5 2
Sum of composition ratios (%) 100 110 100 100
Tni/° C. 80.5 79.8 83.6 83.1
An (20°) 0.102 0.101 0.075 0.075
N20/mPa - s 23.9 27.6 15.1 18
Ae (20°C.) -4.1 -4.1 -4.8 -4.8
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TABLE 7-continued

Example Exam- Exam- Exam-
19 ple20  ple21 ple22

Vsat/V (25° C.) 4.54 44 408 412
T + d/msee (25°C., 6V) 4.8 5.0 34 3.6
[0094] Theliquid crystal display devices of Examples 19 to

22 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external
pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.

Examples 23 to 26

[0095] A liquid crystal display device of Example 23 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 8; a liquid crystal display device of Example 24
was produced in the same manner as in Example 1; a liquid
crystal display device of Example 25 was produced in the
same manner as in Example 1; and a liquid crystal display
device of Example 26 was produced in the same manner as in
Example 1.

TABLE 8
Example Exam- Exam- Exam-
23 ple24 ple25 ple26
2-Cy-2-Nd4-02 10 10
3-Cy-10-Ch3-0O5 7 10
3-Cy-2-Nd4-04 10 10
4-Cy-2-Nd4-02 10 10
5-Cy-10-Ch3-05 7 10
5-Cy-2-Nd4-02 5 5
0d1-Cy-Cy-3 30 40
0d1-Cy-Cy-5 15 20
3-Cy-Cy-4 15 14
3-Cy-Ph-02 10
5-Ph-Ph-1 10 10
2-Cy-Cy-2-Nd4-02 4 4
3-Cy-Cy-10-Ph5-0O1 4 3
3-Cy-Cy-10-Ph5-02 9 5
3-Cy-Cy-2-Ph5-02
3-Cy-Cy-Ph5-02
4-Cy-Cy-10-Ph5-01 4 3
4-Cy-Cy-2-Nd4-02 4 4
0d1-Cy-Cy-Ph-1 9 6 9 4
0d1-Cy-Ph-Ph-3 5 3
0d3-Cy-Cy-Ph-1 6 6
Sum of composition ratios (%) 100 100 100 100
Tni/® C. 82.7 82.3 80.9 81.8
An (20°) 0.087 0.098  0.084  0.097
1n20/mPa - s 194 18.1 26 227
Ae (20°C.) -3.1 -3.1 -3.1 -3.2
Vsat'V (25° C.) 5.37 5.29 542 5.25
Tr + d/msec (25°C., 6 V) 3.7 3.6 4.9 4.6

[0096] Theliquid crystal display devices of Examples 23 to
26 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external
pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.
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Examples 27 to 29

[0097] A liquid crystal display device of Example 27 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 9; aliquid crystal display device of Example 28
was produced in the same manner as in Example 1; and a
liquid crystal display device of Example 29 was produced in
the same manner as in Example 1.

TABLE 9

Example 27  Example 28 Example 29
3-Cy-Ph5-04 9 10 11
30-Ph5-Ph5-02 8
5-Cy-Ph3-04 9 10 11
0d1-Cy-Cy-5 5
0d1-0-Cy-Cy-Ph5-1 10
0d2-Cy-Cy-Ph35-02 10
0d2-0-Cy-Cy-Ph5-1 10
1d2-0-Cy-Cy-Ph5-1
2-Cy-Cy-Ph5-1 11 12 12
2-Cy-Cy-Ph5-02 9 10 9
3-Cy-Cb1-Ph5-02 4
3-Cy-Cy-Ph5-1 10 11 12
3-Cy-Cy-Ph5-02 10 10 9
3-0-Cy-Cy-Ph5-02 10
5-Cy-Cb1-Ph5-02 6
5-Cy-Cb-Ph3-02 18
5-Cy-Cy-Ph5-02 9 9 3
Sum of composition 100 100 100
ratios (%)
Tni/° C. 101.2 103.9 118.1
An (20°) 0.100 0.098 0.105
ne (20°C.) 1.581 1.579 1.586
A€ (20°C) -75 =55 -64
el 20°C) 119 9.5 10.4
K3/K1(20°C.) 1.08 1.16 1.05
KI/pN (20° C.) 15.8 16.5 202
Vsat'V (25° C.) 2.31 2.83 2.68
Tr + d/msec (25°C., 6 V) 7.1 6.3 7.0
[0098] Theliquid crystal display devices of Examples 27 to

29 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external
pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.

Examples 30 to 32

[0099] A liquid crystal display device of Example 30 was
produced in the same manner as in Example 1 by interposing
the liquid crystals having negative dielectric anisotropy indi-
cated in Table 10; a liquid crystal display device of Example
31 was produced in the same manner as in Example 1; and a
liquid crystal display device of Example 32 was produced in
the same manner as in Example 1.

TABLE 10

Example 30  Example31  Example 32
3-Cy-Ph5-04 16 16 16
5-Cy-Ph5-02 12 16 16
0d1-Cy-Cy-5 7 4 10
0d3-Ph-Ph-1 11 10 10
1d1-Cy-Cy-3 9 8
2-Cy-Ph-Ph5-02 13 12 12
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TABLE 10-continued

Example 30 Example 31 Example 32
3-Cy-Cy-Ph5-02 6 7 10
3-Cy-Ph-Ph5-02 12 12 12
0d1-Cy-Cy-Ph-1 4 4 4
3-Cy-Ph-Ph-2 10 11 10
Sum of composition ratios 100 100 100
Thi/® C. 80.2 80.3 80.9
An (20°) 0.128 0.129 0.126
ne (20°C.) 1.492 1.491 1.491
Ae (20°C.) -33 =35 =37
€l (20°C)) 6.8 7.1 7.4
K3/K1{20°C.) 0.99 1.01 1.04
K1/pN {20° C.) 16.7 15.2 16.4
Vsat'V (25° C.) 5.27 5.16 4.98
Tr + d/msec (25°C., 6 V) 4.7 4.8 5.2

[0100] Theliquid crystal display devices of Examples 30 to
32 realized higher response speeds, larger amounts of light
transmission, a reduction in light leakage caused by external
pressure, wider viewing angles, and higher contrast ratios, as
compared with conventional VA liquid crystal display devices
in which the same liquid crystals having negative dielectric
anisotropy were interposed.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate; and

a liquid crystal composition layer having negative dielec-

tric anisotropy that is interposed between the first sub-
strate and the second substrate, the liquid crystal display
device having a plurality of pixels, with each of the
pixels being independently controllable, the pixel com-
prising a pair of a pixel electrode and a common elec-
trode, the two electrodes being provided on at least one
substrate between the first and second substrates, and the
long axis of the liquid crystal molecules in the liquid
crystal composition layer being in a substantial vertical
alignment or a hybrid alignment.

2. The liquid crystal display device according to claim 1,
wherein the distance between the pixel electrode and the
common electrode (d,,,, tm) is smaller than the width of the
pixel electrode or the common electrode (d, 5, um).

3. The liquid crystal display device according to claim 2,
wherein as the liquid crystal composition layer, a liquid crys-
tal composition comprising two or more kinds of compounds
selected from the group of compounds represented by Gen-
eral Formula (LC1) to General Formula (LCS):

[Chemical Formula 1]

(Lcy

(LCY)
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-continued
(LC3)
E F
my my
(LCH
F F
F
Ol
pOpaig e
(LC5)

F F
" Z4R2

wherein R, and R, each independently represent an alkyl
group having 1 to 15 carbon atoms; one or two or more CH,
groups in the alkyl group are substituted by —O—,
—CH=CH—, —CO—, —0CO—, —CO0—, —C=C—,
—CF,0— or —OCF,— such that O atoms are not directly
adjacentto each other; one or two or more H atoms in the alkyl
group may be optionally substituted by halogen; A, and A,
each independently represent any one of the following struc-
tures:

[Chemical Formula 2]

S C F >:
F F F
(wherein one or two or more CH, groups of the cyclohex-
anering in the structures may be substituted by O atoms;
one or two or more CH groups of the benzene ring in the
structures may be substituted by N atoms; and one or two
or more H atoms may be substituted by Cl, CF; or
OCF,); 7, to Z, each independently represent a single
bond, —CH=CH—, —(C=C— —CH,CH,—,
—(CH,),—, —COO0—, —OCH,—, —CH,0—,
—OCF ,—or—CF,0—, while at least one of 7, and 7,
is not a single bond; Z represents a CH, group or an O
atom; m; and m, each independently represent 0 to 3,
and m +m, is 1, 2 or 3.
4. The liquid crystal display device according to claim 3,
wherein as the liquid crystal composition layer, a liquid crys-

tal composition comprising one kind or two or more kinds of
compounds represented by General Formula (LC6):
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[Chemical Formula 3]

(LCS)

RIZ3 9 Z4 6 RZ

"

wherein R, and R, each independently represent an alkyl
group having 1 to 15 carbon atoms; one or two or more CH,
groups in the alkyl group may be substituted by —O—,
—CH—CH—, —CO—, —0CO—, —CO0—, —C=C—,
—CF,0— or —OCF,— such that O atoms are not directly
adjacentto each other; one or two or more H atoms in the alkyl
groupmay be optionally substituted by halogen; B, to B, each
independently represent any one of the following:

[Chemical Formula 4]

-~

(wherein one or two or more CH,CH, groups in the cyclo-
hexane ring are substituted by —CH—CH—,
—CF,0—, or —OCF,—; and one or two or more CH
groups in the benzene ring may be substituted by N
atoms); 7 and 7, each independently represent a single
bond, —CH—CH—, —(C=C— —CH,CH,—
—(CH,),—, —COO0—, —OCH,—, —CH,0—,
—OCF ,—or—CF,0—; at least one of Z, and Z, is not
a single bond; and m, represents 0 to 3.

5. The liquid crystal display device according to claim 3,
wherein the compound of General Formula (LC2)is one kind
or two or more kinds of compounds selected from the group
consisting of compounds represented by the following Gen-
eral Formula (LC2)-1 to General Formula (I.C2)-3:

[Chemical Formula 5]

(LC2)-1

Ry Ry

F F

LC2)2
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-continued

6. The liquid crystal display device according to claim 3,
wherein the compound of General Formula (LC3)is one kind
or two or more kinds of compounds selected from the group
consisting of compounds represented by the following Gen-
eral Formula (LC3)-1 to General Formula (LC3)-13:

LC2)3

[Chemical Formula 6]

(LC3)-1
AQCH7 @Rz
(1C3)2
Rl4<:>7C ‘@71{2
1.C3)-3
F F
_< >_< >_ —<‘ '>_R2
(LC3)-4
F F
4<:>_<:>7CH204C§7R2
(L.C3)-5
4<:>_<:>7CF7 GRZ
(LC3)-6
F F
RIOCHzomRZ
(LC3)T

F F
R]O CHZO 4@ OCH2 O R2
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-continued
(LC3)-8

F F
R14<:>7CH20 R2

(LC3)-9

F F F T
RIOC2H4 R2

(LC)-10

E F F F
R14<:>7CHZO Rz

(LC3)-11

F F

(LC3)-12

¥ T

(LC3)-13

7. The liquid crystal display device according to claim 3,
wherein the compound of General Formula (LC4) is one kind
or two or more kinds of compounds selected from the group
consisting of compounds represented by the following Gen-
eral Formula (I.C4)-1 to General Formula (1.C4)-6, and the
compound General Formula (LC5) is one kind or two or more
kinds of compounds selected from the group consisting of
compounds represented by the following General Formula
(LC5)-1 to General Formula (LC5)-4:

[Chemical Formula 7]

r F
F
aOad

(LC4)-1
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-continued
LC4)-2

i
e

R

LC4)-3
E F F
F
el
s
LCAr4
F F
F
R14<:>7CH20 QQ
R,
(LC4)-5
F F

{LC4)-6
F F
F
Ry
{LCS)-1
F F
R, 0
Ry
1LC5)2
F F
R14<:>—CHZO 0
R,
{LCS)-3
F F

R 0
R,
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-continued
(LC5)-4
F F

R14<:>_<:>7 e ’
Rz

8. The liquid crystal display device according to claim 4,
wherein the compound of General Formula (LC6) is one kind
or two or more kinds of compounds selected from the group
consisting of compounds represented by General Formula
(LC6)-1 to General Formula (LC6)-11:

[Chemical Formula 8]

{LC6)-1
{LC6)-2
(LC6)-3
{LC6)-4
{LC6)-5
000
(LC6)-6
— OO~
(LC6)-7

Rl4<:>_<:>7CZH44<;>7R2

(LC6)-8
OO

1LC6)-9

(LC6)-10

R14<:>7 CHZO Q Q R2
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-continued
(LC6)-11

T
¥

9. The liquid crystal display device according to claim 4 or
8, wherein the liquid crystal composition comprises 30% to
70% by mass of the compound represented by General For-
mula (LC6), and the viscosity 1 of the liquid crystal compo-
sition at 20° C. is 20 mPas or less.

10. The liquid crystal display device according to claim 6
or 7, wherein in General Formula (LC3)-1 to General For-
mula (LC3)-13, General Formula (LC4)-1 to General For-
mula (LC4)-6, and General Formula (LC5)-1 to General For-
mula (LC5)-4, at least one of 7, and 7, is —C,FO— or
—OCF,—.

11. The liquid crystal display device according to claim 3,
wherein a liquid crystal composition comprising two or more
kinds of compounds represented by General Formulas (LC1)
to (LCS), in which A€ is —4 or less, is used.

12. The liquid crystal display device according to any one
of claims 3 to 12, wherein a liquid crystal composition com-
prising two or more kinds of compounds represented by Gen-
eral Formulas (LC1)to (LCS), in which A€ is —4 or less, in an
amount of 70% to 30% by mass, and comprising a compound
represented by General Formula (LC6) in an amount of 30%
to 70% by mass, is used.

13. The liquid crystal display device according to claim 4,
wherein the liquid crystal composition comprises two or
more kinds of compounds represented by General Formula
(LC2) to (LCS), in which A€ is -4 or less, in an amount of
70% to 30% by mass, and comprises a compound represented
by General Formula (LC6) in an amount of 30% to 70% by
mass.

14. The liquid crystal display device according to any one
of claims 3 to 13, wherein a liquid crystal composition com-
prising one kind or two or more kinds of polymerizable com-
pounds is used as the liquid crystal composition layer.

15. The liquid crystal display device according to claim 14,
wherein the polymerizable compound is a disc-shaped liquid
crystal compound having a structure in which a benzene
derivative, a triphenylene derivative, a truxene derivative, a
phthalocyanine derivative or a cyclohexane derivative serves
as a parent nucleus at the center of the molecule, and a linear
alkyl group, alinear alkoxy group or a substituted benzoyloxy
group is radially substituted as a side chain.

16. The liquid crystal display device according to claim 14,
wherein the polymerizable compound is a polymerizable
compound represented by General Formula (PC1):

[Chemical Formula 9]

(PC1)
Pr—S8p— Qi MG—tRy),,
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wherein P, represents a polymerizable functional group; Sp,
represents a spacer group having 0 to 20 carbon atoms; Q,
represents a single bond, —O—, —NH—, —NHCOO—,
—OCONH—, —CH=—CH—, —CO—, —CO0—,
—0CO0—, —0CO00—, —00CO—, —CH—CH—,
—CH—CH—CO0—,—0CO—CH—CH—or —C=C—;
n, and n, each represent 1, 2 or 3; MG represents a mesogen
group or a mesogenic supporting group; R, represents a halo-
gen atom, a cyano group or an alkyl group having 1 to 25
carbon atoms; one or two or more CH, groups in the alkyl
group may be substituted by —O—, —S—, —NH—,
—N(CH;)— —CO—, —COO0—, —0CO—, —OCO0—,
—SCO—, —COS— or —C=C— such that O atoms are not
directly adjacent to each other; or R, represents P,-Sp,-Q,-
(wherein P,, Sp, and Q, have the same meanings as P,, Sp,
and Q,, respectively).

17. The liquid crystal display device according to claim 16,
wherein in General Formula (PC1), MG is represented by the
following structure:

[Chemical Formula 10]

— OG5 G

wherein C, to C; each independently represent a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, a 1,4-cyclohexenyl
group, a tetrahydropyrane-2,5-diyl group, a 1,3-dioxane-2,5-
diyl group, a tetrahydrothiopyrane-2,5-diyl group, a 1,4-bi-
cyclo(2,2,2)octylene group, a decahydronaphthalene-2,6-
diyl group. a pyridine-2,5-diyl group, a pyrimidine-2,5-diyl
group, a pyrazine-2,5-diyl group, a 1,2,3 4-tetrahydronaph-
thalene-2,6-diyl group, a 2,6-naphthylene group, a phenan-
threne-2,7-diyl group, a 9,10-dihydrophenanthrene-2,7-diyl
group, a 1,2,3,44a,9,10a-octahydrophenanthrene-2,7-diyl
group, or a fluorene-2,7-diyl group; the 1,4-phenylene group,
1,2,3,4-tetrahydronaphthalene-2,6-diyl group, 2,6-naphthyl-
ene group, phenanthrene-2,7-diyl group, 9,10-dihydro-
phenanthrene-2,7-diyl group, 1,2,3,4,4a,9.10a-octahydro-
phenanthrene-2,7-diyl group, and fluorene-2,7-diyl group
may have, as substituents, one or more of F, Cl, CF5, OCF;, a
cyano group, an alkyl group having 1 to 8 carbon atoms, an
alkoxy group, an alkanoyl group, an alkanoyloxy group, an
alkenyl group having 2 to 8 carbon atoms, an alkenyloxy
group, an alkenoyl group or an alkenoyloxy group; Y, and Y,
each independently represent —COO—, —OCO—,
—CH,CH,—, —OCH,—, —CH,0— —CH—CH—,

—(=C—, - CH=CHCOO—, —OCOCH=CH,
—CH,CH,CO0-—, —CH,CH,0C0—,
— COOCH,CH,—, —OCOCH,CH,—, —CONH—,

—NHCO—, or a single bond; and n5 represents 0, 1 or 2.

18. The liquid crystal display device according to claim 16
or 17, wherein in General Formula (PC1), Sp, and Sp, each
independently represent an alkylene group, the alkylene
group may be substituted with one or more halogen atoms or
CN, and one or two or more CH,, groups present in the group
may be substituted by —O—, —S—, —NH—, —N(CH; )}—,
—CO—, —CO00—, —0CO—, —0CO00—, —SCO—,
—COS— or —C=C— such that O atoms are not directly
adjacent to each other.
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19. The liquid crystal display device according to claim 16
or 17, wherein in General Formula (PC1), P, and P, each
independently represent a structure selected from the group
consisting of compounds represented by the following Gen-
eral Formula (PC1-a) to General Formula (PC1-d):

[Chemical Formula 11]

(PCl-a)
I|{41
—O—C=?—R43
Rap
(PC1-b)
I|<41
—C=C—Rg
Ry
(PC1-¢)
Rs;
_O_ﬁ_C:C_Rjg
0 Rs»
(PC1-d)
Rei Ren
—C—C—Rg;
\/
0

wherein R, to R,;, Ry, to Ry;, and R, to R, each indepen-
dently represent a hydrogen atom, a halogen atom, or an alkyl
group having 1 to 5 carbon atoms.

20. The liquid crystal display device according to any one
of claims 17 to 19, wherein the compound of General For-
mula (PC1) is a polymerizable compound represented by
General Formula (PC1)-1 or General Formula (PC1)-2:

[Chemical Formula 12]
(PCI1)-1
Cr—S8pr— Qi MG—t Q—5p2— P,

, (PC1)-2
(Pr—Qi5 MG Q—Pa),,

wherein P, Sp,, Q,, P,, Sp,, Q, and MG have the same
meanings as P;, Sp,, Q,, P,, Sp,, Q, and MG of General
Formula (PC1), respectively; and n; and n, each indepen-
dently represent 1, 2 or 3.

21. The liquid crystal display device according to any one
of claims 16 to 20, wherein the compound of General For-
mula (PC1) is one kind or two or more kinds of compounds
selected from the group consisting of compounds represented
by General Formula (PC1)-3 to General Formula (PC1)-8:
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[Chemical Formula 13]

(PC1)-3

(PI_SPI_Q1‘>\ Qz_spz_Pz)

(Wl)ns
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(PC1)-4

9\<:>7COO @ 4

(PC1}-5

P—S8p—

_spl—Ql)\ \ / \ / Q—Sp— Pz

'Wl)nﬁ
PI—S8p—Q

(Wl)ns

(PC1)-6

O

(PC1)-7

(Wl)ns
PI—S8p—Q

wherein W, each independently represents F, CF;, OCF,,
CH,, OCH,, an alkyl group having 2 to 5 carbon atoms, an
alkoxy group, an alkenyl group, COOW,, OCOW, or
OCOOW, (wherein W, represents a linear or branched alkyl
group having 1 to 10 carbon atoms, or an alkenyl group
having 2 to 5 carbon atoms); and n, represents 0, 1, 2, 3 or 4.

22. The liquid crystal display device according to any one
of claims 16 to 21, wherein in General Formula (PC1) and
General Formula (PC1)-1 to General Formula (PC1)-8, Sp,,
Sp,, Q, and Q, are all single bonds.

23. The liquid crystal display device according to claim 21
or 22, wherein in General Formula (PC1)-1 to General For-
mula (PC1)-8, ny+n, is from 3 to 6.

24. The liquid crystal display device according to any one
of claims 19 to 23, wherein in General Formula (PC1) and
General Formula (PC1)-1 to General Formula (PC1)-8, P,
and P, represent General Formula (PC1-b).

25. The liquid crystal display device according to any one
of claims 21 to 23, wherein in General Formula (PC1)-1 to
General Formula (PC1)-8, W, represents F, CF,, OCF;, CH,
or OCHj;, and ng4 represents 1, 2,3 or 4.

26. The liquid crystal display device according to claim 16,
wherein a liquid crystal composition comprising one kind or
two or more kinds of disc-shaped liquid crystal compounds
represented by General (PC1) in which MG is represented by
General Formula (PC1)-9:

(PC1)-8

’\Q @ @% o

[Chemical Formula 14]

(PC1)-9

(PCl-¢)

—o0—C RS

wherein R, each independently represents P,-Sp,-Q, or a
substituent of General Formula (PC1-e) (wherein P, Sp, and
Q, have the same meanings as P,, Sp, and Q, of General
Formula (PC1); Ry, and R, each independently represent a
hydrogen atom, a halogen atom or a methyl group; Ry, rep-
resents an alkoxy group having 1 to 20 carbon atoms; and at
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least one hydrogen atom in the alkoxy group is substituted by
a substituent represented by any one of General Formulas
(PCl1-a) to (PC1-d):

[Chemical Formula 15]

(PCl-0)
Ry
—0—C=C—Rg3
Ray
(PC1-b)
Ry
—C=C—Ry;
Ry
(PC1-c)
Rsy
_O_ﬁ_CZC_ng
0 Rsy
(PC1-d)
Il{m I|{62
—C—(C—Rg
\/
(6]

wherein R, to R,3, Ry, to Rs5, and R to R, each indepen-
dently represent a hydrogen atom, a halogen atom, or an alkyl
group having 1 to 5 carbon atoms.
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27. The liquid crystal display device according to any one
of claims 14 to 26, wherein the liquid crystal composition
does not comprise a polymerization initiator.

28. The liquid crystal display device according to any one
of claims 14 to 26, wherein the content of the polymerizable
compound is 0.05% to 2.0% by mass.

29. The liquid crystal display device according to any one
of claims 1 to 28, wherein the product (An-d) of the refractive
index anisotropy (An) of the liquid crystal composition and
the distance (d) between the first substrate and the second
substrate of the display device is 0.30 to 0.40.

30. The liquid crystal display device according to any one
of claims 1 to 30, wherein an alignment film formed from a
polyimide (PI), a polyamide, a chalcone, a cinnamate or a
cinnamoyl is provided on each of the surfaces that are in
contact with the liquid crystal composition on the first sub-
strate and the second substrate of the display device.

31. The liquid crystal display device according to claim 30,
wherein an alignment film produced by utilizing a photo-
alignment technology is provided on each of the surfaces that
are in contact with the liquid crystal composition on the first
substrate and the second substrate of the display device.

32. The liquid crystal display device according to any one
of claims 1 to 31, wherein the tilt angle of the liquid crystal
composition on the substrate surface is 85° to 90°.

33. The liquid crystal display device according to any one
of claims 1 to 31, wherein the tilt angle of the liquid crystal
composition on any one substrate surface of the first substrate
and the second substrate is 85° to 90°, and the tilt angle of the
liquid crystal composition on the other substrate surface is 3°
to 20°.
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