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(7) ABSTRACT

To allow drive at low voltage and obtaining high transmit-
tance in liquid crystal panel driven by FFS mode. Liquid
crystal panel 10 has first substrate 14 and second substrate 27
oppositely arranged, and liquid crystal layer LC interposed
between the first and the second substrates, wherein the first
substrate has plural signal lines 18 and scanning lines 15
formed in matrix in mutually insulated state, upper electrode
24 having plural slit-shaped openings 25 divided by the scan-
ning lines and signal lines, and formed for every sub-pixel,
and lower electrode 21 formed with the upper electrode
through insulating layer 23, the second substrate has light-
shielding layer 28 superimposed with the signal lines and
scanning lines in planar view, and color filter layer 29 formed
for every sub-pixel, and the liquid crystal layer has at least one
compound having negative dielectric anisotropy and at least
one compound having positive dielectric anisotropy mixed.
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LIQUID CRYSTAL PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of Japan
application serial no. 2013-090324, filed on Apr. 23, 2013.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The invention relates to a liquid crystal panel, par-
ticularly, to a liquid crystal panel suitable for a driving system
according to a fringe field switching (FFS) mode.

[0004] 2. Background Art

[0005] A liquid crystal panel has features of lighter weight,
a flat-panel and lower electric power consumption in com-
parison with a cathode ray tube (CRT), and therefore is used
for many electronics as a display use.

[0006] According to the liquid crystal panel, orientation of
liquid crystal molecules aligned in a predetermined direction
is changed by an electric field to change an amount of light
transmitted through a liquid crystal layer, thereby displaying
an image.

[0007] The liquid crystal panel includes a reflective type in
which outside light enters the liquid crystal layer to be
reflected on a reflector, and reflected light re-transmits the
liquid crystal layer and is emitted, a transmissive type in
which incident light from a backlight apparatus transmits the
liquid crystal layer, and a transflective type having both prop-
erties.

[0008] Moreover, specific methods for applying the electric
field to the liquid crystal layer of the liquid crystal panel
include a longitudinal electric field system and a transverse
electric field system.

[0009] In the liquid crystal panel according to the longitu-
dinal electric field system, an electric field substantially in a
longitudinal direction is applied to liquid crystal molecules
by means of a pair of electrodes arranged by interposing the
liquid crystal layer. As the liquid crystal panel according to
the longitudinal electric field system, a liquid crystal panel
having a mode such as a twisted nematic (TN) mode, a ver-
tical alignment (VA) mode and a multi-domain vertical align-
ment (MVA) mode is known.

[0010] In the liquid crystal panel according to the trans-
verse electric field system, a pair of electrodes is mutually
insulated and arranged on an inner surface side of one of
substrates of a pair of substrates arranged by interposing the
liquid crystal layer, and an electric field substantially in a
transverse direction is applied to the liquid crystal molecules.
As the liquid crystal panel according to the transverse electric
field system, a liquid crystal panel having an in-plane switch-
ing (IPS) mode in which a pair of electrodes does not overlap
in a planar view, and a fringe field switching (FFS) mode in
which a pair of electrodes overlaps in the planar view are
known.

[0011] The liquid crystal panel according to the transverse
electric field system allows obtaining of a wide viewing
angle, and therefore has been increasingly used in recent
years.

[0012] So far, according to a liquid crystal display appara-
tus having upper and lower substrates to be driven by the FFS
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mode, ina pixel electrode and a counter electrode being a pair
of electrodes arranged in one substrate, even when off-state
voltage corresponding to 0 V is applied to a certain pixel,
other pixels are turned on, and therefore a specific signal is
continuously applied to a data bus line.

[0013] Accordingly, a noise field is formed between the
data bus line and the pixel electrode or between the data bus
line and the counter electrode, thereby liquid crystal molecule
isolating from a polarization axis to cause light leakage in the
part.

[0014] In order to block the leaked light, patterning of a
black matrix in a large region is performed to the other sub-
strate, which requires patterning and also induces a decrease
of an opening ratio in the liquid crystal panel, and thus a
problem resulting in reduction of brightness has been caused.
[0015] In order to solve such a problem, Patent literature
No. 1 below discloses an art in which, in a liquid crystal
display apparatus driven by an IPS mode or an FFS mode
being a normally black mode, a rubbing direction of a liquid
crystal having a positive dielectric anisotropy (AE) is
adjusted to coincide with a direction of a noise field, resulting
in allowing a major axis of liquid crystal molecules to pre-
cisely coincide with the direction of the noise field, and thus
even if the noise field acts, the liquid crystal molecules are not
isolated from the polarization axis of a polarizer, and a dark
state is designed to be maintained at any time.

[0016] Moreover, Patent literature No. 2 below discloses an
art in which, in a transflective liquid crystal display apparatus
such as an FFS mode liquid crystal display apparatus, a
reflection display unit and a transmission display unit are
adjusted in twist alignment and homogeneous alignment dut-
ing no voltage application, and thus a less colored black
display having high contrast is designed to be secured.

CITATION LIST
Patent Literature
[0017] Patent literature No. 1: JP 2002-221726 A.
[0018] Patent literature No. 2: JP 2012-113332 A.
SUMMARY OF INVENTION
[0019] A liquid crystal panel according to an embodiment

of the invention concerns a liquid crystal panel having a first
substrate and a second substrate that are oppositely arranged,
and a liquid crystal layer interposed between the first sub-
strate and the second substrate, wherein the first substrate has
a plurality of signal lines and scanning lines formed in a
matrix, an upper electrode having a plurality of slit-shaped
openings and cross-sectional curve-shaped protruded elec-
trodes alternately formed for every sub-pixel divided by the
scanning lines and the signal lines, and a lower electrode
formed with the upper electrode through an insulating layer,
and the second substrate has a light-shielding layer superim-
posed with the signal lines and the scanning lines in a planar
view, and a color filter layer formed for every sub-pixel
described above.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 shows a conceptual diagram of an electric
line of force when a cross-sectional shape of a protruded
electrode according to an embodiment of the invention is
semicircular.
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[0021] FIG. 2 shows a plan view of a liquid crystal panel
according to an embodiment of the invention.

[0022] FIG. 3 shows an A-A cross-sectional view of aliquid
crystal panel in FIG. 2 according to an embodiment of the
invention.

[0023] FIG. 4 shows a B-B cross-sectional view of a liquid
crystal panel in FIG. 2 according to an embodiment of the
invention.

[0024] FIG. 5 shows a B-B cross-sectional view of a liquid
crystal panel in FIG. 2 according to a modified example of an
embodiment of the invention.

[0025] FIG. 6 shows a conceptual diagram of molecular
arrangement of a liquid crystal layer formed of a mixture of a
compound having a negative dielectric anisotropy (AS) and a
compound having a positive dielectric anisotropy (AE).
[0026] FIG. 7 shows a conceptual diagram of an electric
line of force when a cross-sectional shape of an upper elec-
trode is quadrangular (in a flat plate form) according to a
conventional art.

DESCRIPTION OF EMBODIMENTS

Technical Problem

[0027] However, a pixel electrode (upper electrode) of a
liquid crystal display apparatus according to Patent literature
No. 1 described above is in a flat plate form, and has a problem
of increased driving voltage.

[0028] When the problem is explained based on FIG. 7
showing a conceptual diagram of an electric line of force
between an upper electrode and a lower electrode according
to an FFS mode, an electric line of force extended from an
upper surface of the upper electrode to the lower electrode
becomes nonuniform by small height of the side surface of the
upper electrode, and existence of a corner of the upper surface
with the side surface of the upper electrode. Therefore, appli-
cation of somewhat high driving voltage is required in order
to obtaina uniform electric line of force, and a dark line is also
generated, and thus hindrance of improvement in a transmit-
tance has been caused.

[0029] Moreover, with regard to a transflective liquid crys-
tal display apparatus according to Patent literature No. 2
described above, while a less colored black display can be
secured, optimization is only made to a reflection display
portion, and a pixel electrode (upper electrode) is in a flat
plate form, in a manner similar to the art in Patent literature
No. 1 described above, the apparatus has had a problem of
increased driving voltage, and also a problem of no achieve-
ment of an improvement in a transmittance.

[0030] The invention has been made in order to solve the
problem, and an object is to allow driving at a low voltage and
obtaining of a high transmittance in a liquid crystal panel
according to a driving system of the FFS mode.

Solution to Problem

[0031] Ttem 1. A liquid crystal panel according to an
embodiment of the invention concerns a liquid crystal panel
having a first substrate and a second substrate that are oppo-
sitely arranged, and a liquid crystal layer interposed between
the first substrate and the second substrate, wherein the first
substrate has a plurality of signal lines and scanning lines
formed in a matrix, an upper electrode having a plurality of
slit-shaped openings and cross-sectional curve-shaped pro-
truded electrodes alternately formed for every sub-pixel
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divided by the scanning lines and the signal lines, and a lower
electrode formed with the upper electrode through an insu-
lating layer, and the second substrate has a light-shielding
layer superimposed with the signal lines and the scanning
lines in a planar view, and a color filter layer formed for every
sub-pixel described above.

[0032] Item 2. The liquid crystal panel according to an
embodiment of the invention concerns the liquid crystal panel
according to item 1, wherein the upper electrode and the
lower electrode overlap with each other in a planar view.

[0033] Item 3. The liquid crystal panel according to an
embodiment of the invention concerns the liquid crystal panel
according to item 1 or 2, wherein the protruded electrode has
a semicircle shape, an elliptic shape or a trapezoidal shape.

[0034] Item 4. The liquid crystal panel according to an
embodiment of the invention concerns the liquid crystal panel
according to any one of items 1 to 3, wherein the protruded
electrode is formed of an organic substance.

[0035] TItem 5. The liquid crystal panel according to an
embodiment of the invention concerns the liquid crystal panel
according to anyone of items 1 to 4, wherein the liquid crystal
layer is formed of a mixture of at least one compound having
a negative dielectric anisotropy and at least one compound
having a positive dielectric anisotropy.

[0036] Item 6. The liquid crystal panel according to an
embodiment of the invention concerns the liquid crystal panel
according to item 5, wherein the compound having the nega-
tive dielectric anisotropy has a structure represented by for-
mula (a), and a dielectric anisotropy in a range of =10 or more
and -2 or less, and the compound having the positive dielec-
tric anisotropy has a dielectric anisotropy in a range of 2 or
more and 30 or less.

[0037] Ttem 7. The liquid crystal panel according to an
embodiment of the invention concerns the liquid crystal panel
according to item 6, wherein the compound having the posi-
tive dielectric anisotropy is further formed of a mixture with
a compound having structure represented by formula (b).

ada

Advantageous Effects of Invention

®)

[0038] According to the invention, in a liquid crystal panel
according to a driving system of an FFS mode, the panel can
be driven at a low voltage, and simultaneously a high trans-
mittance can be obtained.

[0039] Hereinafter, an embodiment ofa liquid crystal panel
according to the invention is described with reference to a
drawing.



US 2014/0313461 Al

Constitution of a Liquid Crystal Panel

[0040] FIG. 2 shows a plan view of a liquid crystal panel
according to an embodiment of the invention, FIG. 3 shows an
A-A cross-sectional view of the liquid crystal panel in FIG. 2,
and FIG. 4 shows a B-B cross-sectional view of the liquid
crystal panel in a similar manner.

[0041] Liquidcrystal panel 10 of the present embodiment is
driven by an FFS mode according to a transverse electric field
system.

[0042] An essential part of liquid crystal panel 10 is
explained using FIG. 2 to FIG. 4.

[0043] Liquid crystal panel 10 has a constitution in which
liquid crystal layer LC is interposed between array substrate
AR and color filter substrate CF.

[0044] Array substrate AR is formed of transparent insulat-
ing glass, quartz, plastic or the like, and has first transparent
substrate 14 as a base substance.

[0045] On first transparent substrate 14, scanning line 15
formed of a metal such as aluminum and molybdenum is
formed on a side facing with liquid crystal LC.

[0046] Moreover, transparent gate insulating film 16
formed of silicon nitride, silicon oxide or the like is laminated
s0 as to cover scanning line 15 and gate electrode G. Then, on
gate insulating film 16 overlapping with gate electrode G ina
planar view, semiconductor layer 17 formed of amorphous
silicon, polycrystalline silicon or the like is formed. On gate
insulating film 16, a plurality of signal lines 18 formed of a
metal such as aluminum and molybdenum are formed.
[0047] Furthermore, signal line 18 and drain electrode D
simultaneously formed with a material identical with the
material of source electrode S are arranged on gate insulating
film 16, and drain electrode D is closely arranged with source
electrode S, and partially brought in contact with semicon-
ductor layer 17.

[0048] Thin film transistor TFT that serves as a switching
device is constituted by gate electrode G, gate insulating film
16, semiconductor layer 17, source electrode S and drain
electrode D.

[0049] Moreover, transparent passivation film 19 formed of
silicon nitride, silicon oxide or the like is laminated so as to
cover an exposed part of signal line 18, TFT and gate insu-
lating film 16.

[0050] Then, flattened resin layer 20 formed of a transpar-
ent resin material such as a photoresist is laminated so as to
cover passivation film 19.

[0051] Lowerelectrode 21 formed of a transparent conduc-
tive material such as indium tin oxide (ITO) or indium zinc
oxide (IZ0) is formed so as to cover flattened resin layer 20.
[0052] Moreover, contact hall 22 reaching drain electrode
D through flattened resin layer 20 and passivation film 19 is
formed, and lower electrode 21 and drain electrode D are
electrically connected through the contact hall 22. Therefore,
lower electrode 21 operates as a pixel electrode herein.
[0053] Transparent inter-electrode insulating film 23
formed of silicon nitride, silicon oxide or the like is laminated
so as to cover lower electrode 21.

[0054] Then, upper electrode 24 formed of a transparent
conductive material such as ITO and IZO is formed so as to
cover inter-electrode insulating film 23.

[0055] On each sub-pixel divided by scanning line 15 and
signal line 18, upper electrode 24 is integrally formed and
operates as a common electrode.

[0056] As shown in FIG. 2 to FIG. 4, a plurality of slit-
shaped openings 25 are formed on upper electrode 24. Slit-
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shaped openings 25 are oval, and inclined in a longitudinal
direction, for example, by five degrees downward to the right
relative to an extending direction of scanning line 15.
[0057] Alignment film 26 formed of polyimide is laminated
by covering upper electrode 24.

[0058] Liquid crystal direction alignment treatment (rub-
bing treatment) is applied to alignment film 26 in parallel to
an extending direction of signal line 18, and alignment of
liquid crystal molecules in liquid crystal layer LC changes by
an electric field between upper electrode 24 and lower elec-
trode 21 in a position corresponding to slit-shaped opening
25.

[0059] Color filter substrate CF has, as a base substance,
second transparent substrate 27 formed of transparent insu-
lating glass, quartz, plastic or the like.

[0060] On second transparent substrate 27, as shown in
FIG. 3 and FIG. 4, light-shielding layer 28 and color filter
layer 29 through which light (R, G, B, for example) having a
color different for every sub-pixel transmits are formed.
[0061] Overcoat layer 30 formed of a transparent resin
material such as a photoresist is laminated so as to cover
light-shielding layer 28 and color filter layer 29.

[0062] Overcoat layer 30 is arranged in order to flatten a
level difference by color filter layer 29 having a different
color, and simultaneously to allow no entry of an impurity
flowing out from light-shielding layer 28 or color filter layer
29 into liquid crystal layer LC.

[0063] Alignment film 31 formed of polyimide or the like is
formed so as to cover overcoat layer 30, and liquid crystal
direction alignment treatment in a direction reverse to the
direction of liquid crystal of alignment film 26 is applied to
alignment film 31.

[0064] The thus formed array substrate AR and color filter
substrate CF are opposed with each other, a sealing material
(not shown) is arranged in a circumference of both substrates
to bond both substrates, and a liquid crystal is filled between
both substrates.

[0065] In addition, a spacer (not shown) for holding liquid
crystal layer LC at predetermined thickness is formed on
color filter substrate CF.

[0066] First polarizer 11 is arranged in an outside of array
substrate AR, and second polarizer 12 is arranged in an out-
side of color filter substrate CF, respectively.

[0067] In the constitution described above, when TFT is
turned into an ON state and voltage is applied between lower
electrode 21 and upper electrode 24, an electric field is gen-
erated between both electrodes 21 and 24, and alignment of
liquid crystal molecules in liquid crystal layer L.C changes.
[0068] Thus, a light transmittance of liquid crystal layer LC
changes to allow displaying of an image. Then, auxiliary
capacity is formed by lower electrode 21, upper electrode 24
and inter-electrode insulating film 23, and when TFT is turned
into OFF, the electric field between both electrodes 21 and 24
is held for a predetermined period of time.

[0069] FIG. 1 shows lower electrode 21, round cross-sec-
tional upper electrode 24, and inter-electrode insulating film
23 arranged between both electrodes.

[0070] Here, when voltage is applied between lower elec-
trode 21 and upper electrode 24, as shown in the conceptual
diagram of the electric line of force between the electrodes of
the liquid crystal panel according to the FFS mode in FIG. 1,
which is different from the conventional art in FIG. 7, a
cross-sectional semicircle-shaped protruded electrode is
formed on an upper electrode according to the invention.



US 2014/0313461 Al

Therefore, a lateral (transverse) electric field is easily gener-
ated in the vicinity of an electrode interface, and a uniform
electric line of force can be obtained, and further generation
of a dark line is suppressed, and thus a transmittance can be
improved.

[0071] In addition, FIG. 5 shows a B-B cross-sectional
view of a liquid crystal panel in FIG. 2 according to a modi-
fied example of the present embodiment, and is similar to the
present embodiment except that a cross-sectional curve shape
of the upper electrode is formed into a trapezoidal form.

Liquid Crystal Material

[0072] As a liquid crystal material used for the present
embodiment, various kinds of conventionally known liquid
crystal compounds are applied. In particular, in a case where
amixture of at least one compound having a negative dielec-
tric anisotropy and at least one compound having a positive
dielectric anisotropy is applied, such a case is preferred in
view of allowing optically uniform self-compensation, and
minimizing of a color difference during a white display, and
further securing of a high transmittance. The compound hav-
ing the negative anisotropy and the compound having the
positive dielectric anisotropy are formed of at least one com-
pound, respectively, and preferably, a mixture of at least two
compounds.

[0073] More specifically, as shown in FIG. 6, when no
voltage is applied, a liquid crystal component is arranged
substantially in parallel to an electrode, and when voltage is
applied, the compound having the positive dielectric anisot-
ropy (LE) (shown by black) changes in a direction substan-
tially perpendicular to the direction of the electrode, and the
compound having the negative compound dielectric anisot-
ropy (AE€) (shown by an outline) changes in a direction sub-
stantially parallel to the direction of the electrode.

[0074] On the occasion, the compound having the negative
compound dielectric anisotropy (A€) and the compound hav-
ing the positive dielectric anisotropy (A€) become substan-
tially perpendicular and are not spatially divided bordering on
arefraction region of the electrode, and the compound having
the negative compound dielectric anisotropy (AE€) and the
compound having the positive dielectric anisotropy (A€) are
mixed in any part, and uniform optical compensation is per-
formed as a whole.

[0075] In the present embodiment, an embodiment is
explained in which at least one compound having the negative
dielectric anisotropy and at least one compound having the
positive dielectric anisotropy are used.

[0076] General examples of the compound having the
negative dielectric anisotropy include compounds as repre-
sented by compounds (1) to (5) below, and dielectric anisot-
ropy of each compound is approximately =10 or more and
approximately -2 or less, and preferably, approximately -7 or
more and approximately =3 or less.

[0077] A ratio of mixing a crystal component having a
negative dielectric anisotropy is preferably approximately
5% by weight or more for developing self-optical compensa-
tion, and preferably approximately 60% by weight or less for
suppress a rise of driving voltage, and further preferably,
approximately 10% by weight or more and approximately
50% by weight or less.

[0078] In the liquid crystal panel according to the FFS
mode, when a compound is used for a liquid crystal layer
formed of the mixture of the compound having the negative
dielectric anisotropy (A€ ) and the compound having the posi-
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tive dielectric anisotropy to allow optically uniform self-
compensation, an absolute value of A€ is preferably moder-
ately larger.
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wherein, R is an alkyl group having 2 to 7 carbons or an
alkenyl group having 2 to 7 carbons.

[0079] Moreover, compounds represented in (6) to (13)
described below are preferred.
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-continued
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[0080] Next, general examples of the compound having the
positive dielectric anisotropy include compounds as repre-
sented by chemical formulas (14) to (21) below, and dielectric
anisotropy of each compound is approximately 2 or more and
approximately 30 or less. Moreover, the dielectric anisotropy
can be classified into a middle degree including approxi-
mately 2 to approximately 15, and a high degree exceeding
approximately 15 and approximately 30 or less.

[0081] Furthermore, a compound having structure repre-
sented by formula (b) may be appropriately formed of a
mixture with the compound having a high degree exceeding
approximately 15 and approximately 30 or less. The mixing
allows an increase in A€ while suppressing a rise of refractive
index anisotropy An, and suppression of a rise of V90.

4@‘
[0082] In the liquid crystal panel according to the FFS
mode, when a compound is used for the liquid crystal layer
formed of the mixture of the compound having the negative
dielectric anisotropy (A€) and the compound having the posi-
tive dielectric anisotropy to allow optically uniform self-

compensation, an absolute value of AE is preferably moder-
ately larger.

(b)

14

F F F
F F

Oct. 23,2014
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wherein, R is an alkyl group having 2 to 7 carbons or an
alkenyl group having 2 to 7 carbons.

[0083] Above all, a compound having 2-tetrahydropyran-
1,4-yl, 3-tetrahydropyran-1,4-yl and 3,5-dioxane-1,4-yl
being a compound having structure represented by formula
(b) has a middle degree of refractive index anisotropy (An),
and also has the high degree of dielectric anisotropy (A€)
(exceeding approximately 15 and approximately 30 or less),
and thus has excellent capability of adjusting a ratio of refrac-
tive index anisotropy (An) to dielectric anisotropy (AE).

O

®)
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[0084] Preferred examples of such compounds include
compounds as represented by (22) to (25) below.
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wherein, R is an alkyl group having 2 to 7 carbons or an
alkenyl group having 2 to 7 carbons.
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[0085] Specific examples include compound (26) to (28)
below.
(26)
F F
o]
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F F
@n
F F F
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F F
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F F F
0O
ke
(0]
F F
[0086] It will be apparent to those skilled in the art that

various modifications and variations can be made in the
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invention and specific examples provided herein without
departing from the spirit or scope of the invention. Thus, it is
intended that the invention covers the modifications and
variations of this invention that come within the scope of any
claims and their equivalents.

[0087] Thefollowing examples are for illustrative purposes
only and are not intended, nor should they be interpreted to,
limit the scope of the invention.

EXAMPLES

[0088] Color filter substrate CF was prepared by using, on
a glass substrate, a black pigment dispersion resist, forming a
black matrix pattern, and then repeatedly performing, in the
order of red, green and black, coating of a pigment dispersion
type resist according to a spin coating method, pre-baking,
exposure, etching and post-baking, and further forming an
ITO film having a thickness of approximately 1,500 A by a
sputtering method, and a photo spacer having a height of
approximately 3.5 micrometers by a positive resist, and form-
ing a polyimide alignment film having a thickness of approxi-
mately 1,000 A.

[0089] Array substrate AR was prepared by laminating and
forming, on TFT formed on a glass substrate, a passivation
film, a flattened resin layer and also a lower electrode, an
insulating film and an upper electrode by an ordinary method,
and forming a polyimide alignment film having a thickness of
approximately 1,000 A.

[0090] A protruded electrode in an upper electrode can be
prepared for example, by etching of TTO, but may prepared by
preparing a protrusion with an organic material, and then
coating ITO or metal oxide.

[0091] Liquid crystals A to D were injected between color
filter substrate CF and array substrate AR, and liquid crystal
cells A to D were prepared.

[0092] Inliquid crystals A to D, with regard to a compound
having a negative dielectric anisotropy, at least one com-
pound can be appropriately selected from the compounds (1)
to (13), and specific compounds are as presented in Table 1.
With regard to acompound having a positive dielectric anisot-
ropy, at least one compound can be appropriately selected
from the compounds (14) to (25), and specifically,
JC-5149XX (NI: 91.6°C., An: 0.105, A€: 14.0) made by INC
Corporation was used.

[0093] In addition, with regard to liquid crystals B and C,
compound (26) was mixed as a compound having structure
represented by formula (b), and further compound (28) as any
other compound were mixed for liquid crystal C, and liquid
crystals B and C were prepared at ratios presented in Table 1.

_<O:>_
[0094] Table 1 presents compounds and compositions (%
was expressed in terms of weight %) of liquid crystals A to D,

and characteristics of liquid crystal cells A to D. The structure
represented by formula (b) was abbreviated as ring (b).

®)
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TABLE 1

Compound Liquid crystal A Liquid crystal B Liquid crystal C Liquid crystal D
Ratio of compound 60% 30% 5% 0%
having negative Ae
Breakdown of compound ~ Compound (6) 10% Compound (4) 3% Compound (4) 5%
having negative Ae Compound (7) 10% Compeund (12) 10%

Compound (8) 10% Compound (13) 15%

Compound (9) 10%

Compound (10)
Compound (11)

10%
10%

Ratio of compound JC-5194XX 40%  JC-5194XX 65%  JC-5194XX 65% JC-5194XX 100%
having positive Ae
without ring (b)
Ratio of compound 0% Compound (26) 5% Compound (26) 15% 0%
having positive Ae
with ring (b)
Ratio of any 0% 0% Compound (28) 15% 0%
other compound
Characteristics of Liquid crystal Liquid crystal Liquid crystal Liquid crystal
liquid crystal cell cell A2 cell B cell C cell D
An 0.101 0.139 0.116 0.105
Ae 24 10.0 205 14.0
Tmax 0.266 0.245 0.2424 0.234
[0095] Characteristics of liquid crystal cells A to D were [0103] In addition, color temperature in a white display in

measured according to the methods described below.

[0096] Optical anisotropy (An; measured at 25° C.): Mea-
surement was carried out using an Abbe refractometer using
light having a wavelength of 589 nm.

[0097] Dielectric anisotropy (AE€; measured at 25° C.): A
sample was put in a TN device in which a distance (cell gap)
between two glass substrates was 9 micrometers and a twist
angle was 80 degrees. A voltage of 10 V was applied to the
cell, and a dielectric constant (€])) in the major axis direction
of liquid crystal molecules was measured. A voltage of 0.5V
was applied to the cell, and a dielectric constant (€1) in the
minor axis direction of the liquid crystal molecules was mea-
sured. A value of dielectric anisotropy was calculated from an
equation: A&=€||-€1.

[0098] Maximum value of a light transmittance (Tmax;
measured at 25° C.): A transmittance at which a transmit-
tance-driving voltage curve becomes substantially constant
after raising driving voltage from a threshold was measured
as Tmax.

[0099] Next, apolarizer and a phase difference plate (An-d=
(nx-ny)-d=50 nm), Rth=(nx-nz), d=120 nm) obtained by
performing stretching treatment of a norbornene-based film
were bonded through an acrylic pressure-sensitive adhesive
such that an absorption axis of the polarizer and a phase
lagging axis (nx direction) of the phase difference plate were
orthogonally crossed with each other, and thus a composite
optical film was obtained.

[0100] A phase difference value was measured using
KOBRA-21ADH made by Oji Scientific Instruments.

[0101] Next, the composite optical films described above
were bonded on both sides of liquid crystal cells A to D, and
thus liquid crystal panels 1 to 7 were prepared.

[0102] An electrode shape of each of liquid crystal panels 1
and 3 was formed into a semicircular form, a shape of panel 5
was formed into a trapezoidal form, and a shape of each of
panels 2, 4, 6 and 7 was formed into a quadrangular form (flat
plate form).

each panel was adjusted to approximately 10,000 K by a
backlight.

[0104] Each liquid crystal panel was driven by an FFS
mode, and driving voltage (V90) at a 90% transmittance, and
a transmittance of liquid crystal panels were measured using
Luminance Colorimeter BM-5A made by Topcon Corpora-
tion. The results are presented in Table 2.

TABLE 2
Electrode
Panel Liquid crystal shape V90  Transmittance
1 Liquid crystal A Semicircular 3.6 8.0%
2 Liquid crystal A Quadrangular 7.1 7.7%
3 Liquid crystal B Semicircular 1.8 7.5%
4 Liquid crystal B Quadrangular 32 7.3%
5 Liquid crystal C Trapezoidal 14 7.3%
5 Liquid crystal C Quadrangular 2.8 7.2%
7 Liquid crystal D Quadrangular 35 6.9%
[0105] Table 2 presents that, when a same kind of liquid

crystal is used, both V90 and the transmittance are found to be
further improved for panels 1, 3 and 5 in which a cross-
sectional shape of the electrode is in a curved surface of the
semicircular or trapezoidal form, in comparison with a panel
having a rectangular form. In particular, the compound hav-
ing structure represented by ring (b) is mixed with regard to
panels 3 and 5, and therefore a value of V90 is found to be
significantly decreased.

®)

[0106] Moreover, with regard to panels 1,3 and 5, a respect
of decreased color difference during the white display is
confirmed in an experiment.
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[0107] As described above, according to the present
embodiment, in the liquid crystal panel according to the FFS
mode, formation of the cross-sectional shape of the upper
electrode into a semicircular form or trapezoid form allowed
driving at a low voltage, and simultaneously obtaining of a
high transmittance.

[0108] Although the invention has been described and illus-
trated with a certain degree of particularity, it is understood
that the disclosure has been made only by way of example,
and that numerous changes in the conditions and order of
steps can be resorted to by those skilled in the art without
departing from the spirit and scope of the invention.

REFERENCE SIGNS LIST

[0109] 10 ...liquid crystal panel, 11 . . . first polarizer, 12
... second polarizer, 13 . . . backlight apparatus, 14 . . . first
transparent substrate, 15 . . . scanning line, 16 . . . gate
insulating film, 17 . . . semiconductor layer, 18 .. . signal line,
19...passivation film, 20. . . flattened resin layer, 21 .. . lower
electrode, 22 . .. contacthole, 23 .. . inter-electrode insulating
film (insulating layer), 24 . . . upper electrode (protruded
electrode), 25 . . . slit-shaped opening, 26 . . . alignment film,
second transparent substrate, 28 . . . light-shielding layer, 29
... color filter layer, 30 . . . overcoat layer, 31 .. . alignment
film, LC. .. liquid crystal layer, AR . . . array substrate (first
substrate), CF . . . color filter substrate (second substrate), S .
..source electrode, G . .. gate electrode, D . . . drain electrode.

What is claimed is:

1. A liquid crystal panel having a first substrate and a
second substrate that are oppositely arranged, and a liquid
crystal layer interposed between the first substrate and the
second substrate, wherein

the first substrate has a plurality of signal lines and scan-

ning lines formed in a matrix, an upper electrode having
a plurality of slit-shaped openings and cross-sectional
curve-shaped protruded electrodes alternately formed
for every sub-pixel divided by the scanning lines and the
signal lines, and a lower electrode formed with the upper
electrode through an insulating layer, and

the second substrate has a light-shielding layer superim-

posed with the signal lines and the scanning lines in a
planar view, and a color filter layer formed for every
sub-pixel described above.

2. The liquid crystal panel according to claim 1, wherein
the upper electrode and the lower electrode overlap with each
other in a planar view.

3. The liquid crystal panel according to claim 1, wherein
the protruded electrode has a semicircular shape, an elliptic
shape or a trapezoidal shape.

4. The liquid crystal panel according to claim 1, wherein
the protruded electrode is formed of an organic substance.

5. The liquid crystal panel according to claim 1, wherein
the liquid crystal layer is formed of a mixture of at least one
compound having a negative dielectric anisotropy and at least
one compound having a positive dielectric anisotropy.

6. The liquid crystal panel according to claim 3, wherein
the liquid crystal layer is formed of a mixture of at least one
compound having a negative dielectric anisotropy and at least
one compound having a positive dielectric anisotropy.

7. The liquid crystal panel according to claim 5, wherein
the compound having the negative dielectric anisotropy has a
structure represented by formula (a), and a dielectric anisot-

Oct. 23,2014

ropy in a range of =10 or more and =2 or less, and the
compound having the positive dielectric anisotropy has a
dielectric anisotropy in a range of 2 or more and 30 or less:

(@)

X

8. The liquid crystal panel according to claim 6, wherein
the compound having the negative dielectric anisotropy has a
structure represented by formula (a), and a dielectric anisot-
ropy in a range of -10 or more and -2 or less, and the
compound having the positive dielectric anisotropy has a
dielectric anisotropy in a range of 2 or more and 30 or less:

(@)

(X

9. The liquid crystal panel according to claim 6, wherein
the compound having the positive dielectric anisotropy is
further formed of'a mixture with a compound having structure
represented by formula (b):

®)

.

10. The liquid crystal panel according to claim 7, wherein
the compound having the positive dielectric anisotropy is
further formed of'a mixture with a compound having structure
represented by formula (b):

®)

.

11. The liquid crystal panel according to claim 8, wherein
the compound having the positive dielectric anisotropy is
further formed of'a mixture with a compound having structure
represented by formula (b):

()

.

*
*
*
*
*
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