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(57) ABSTRACT

According to one embodiment, a liquid crystal display
device includes an array substrate including a common
electrode, an insulation film disposed on the common elec-
trode, and a pixel electrode disposed on the insulation film,
opposed to the common electrode and provided with a slit,
a counter-substrate disposed to be opposed to the array
substrate, and a liquid crystal layer formed of a negative-
type liquid crystal material held between the array substrate
and the counter-substrate, wherein the liquid crystal layer
includes liquid crystal molecules which are initially aligned
at an angle of 10° to 45° to a direction which is perpen-
dicular to a direction of extension of the slit.

14 Claims, 3 Drawing Sheets

8.0% N
S 6.0%
I Alignment film
E 40% > thickness
5% 2 0% - -5nm
83 V[ Attime of adopting At time of adopting
s o, | positive-type__ negative-type J
52 0% lqudonstal iquid orysta )
gé -2.0%
=ps Alignment film
o -4.0% >~ thickness
% 5.0% +5nm
-8.0% | ! I i L J
4 7 10 13 16 19 22

Bias angle (deg.)



US 9,599,858 B2

Sheet 1 of 3

Mar. 21,2017

U.S. Patent

L O14

z%\K«

SA

/

s

P r|:lu..x||||1||||||-||..|1..|l|||..||||||||||-|||||||.J_
T
Huo
T
e
_ B
BN
5<\,<LL_||H||--- dl b ol ol bl x
P

| 1Y 1 Lt
Tttt o g 1
mo WS-~ S~ €S~ ¢s~ 1s+ 9

a8~ | | | _

Z

T I T T

—d9




U.S. Patent Mar. 21,2017  Sheet 2 of 3 US 9,599,858 B2

208 gy
'z D2
\ DN PL2)
20~ \ \
20A— i
CF~F /
OC~EN NN N NNNN NN
Lo o
AL S 8 ~LQ
[ OS
[eamme) o
13/-\/ / / / yy / Y. A‘\_,AR
127 NN N N
11— /7 | Z
10\./‘ //s\ /Y /// /\ // .
_/ N 4 £ y.a { y .4 £ lll 4
((F),E;) ) ) PEA__ PEA  PEA, ) X
1B S PE § Y
st/
FIG. 2
PEA PEA

pl

D
)
|
! /
1t/
1/
e fvi f
T
/1
S
4

iy




U.S. Patent Mar. 21,2017 Sheet 3 of 3 US 9,599,858 B2

Intermediate-gradation response

time ratio to positive liguid crystal

70%

60% -
50% -
40% -
30%

20%

10%

00/0 | ] 1 ] |
4 7 10 13 16 19 22

Bias angle (deg.)

FIG.4

8.0% 3
6.0%
4.0%

2.0% = pt fime of adopting At time of adopting
0.0% L positive-type negative-type
' liquid crystal liquid crystal

0%)

Alignment film
> thickness

-onm

AN

-2.0%
-4.0%
-6.0%

-8.0% | [ | | | J
4 7 10 13 16 19 22

Bias angle (deg.)

FIG.5

Luminance factor

(Alignment film thickness 0 nm

Alignment film
> thickness

+5nm




US 9,599,858 B2

1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-015706,
filed Jan. 30, 2013, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a liquid
crystal display device.

BACKGROUND

In recent years, flat-panel display devices have been
vigorously developed. By virtue of such advantageous fea-
tures as light weight, small thickness and low power con-
sumption, special attention has been paid to liquid crystal
display devices among others. In particular, in active matrix
liquid crystal display devices in which switching elements
are incorporated in respective pixels, attention is paid to the
configuration which makes use of a lateral electric field
(including a fringe electric field), such as an IPS (In-Plane
Switching) mode or an FFS (Fringe Field Switching) mode.
Such a liquid crystal display device of the lateral electric
field mode includes pixel electrodes and a counter-electrode,
which are formed on an array substrate, and liquid crystal
molecules are switched by a lateral electric field which is
substantially parallel to a major surface of the array sub-
strate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a view which schematically illustrates a structure
and an equivalent circuit of a liquid crystal display device
according to an embodiment.

FIG. 2 is a view which schematically illustrates an
example of a cross section of an active area of a liquid
crystal display panel shown in FIG. 1.

FIG. 3 is a view for explaining an example of the
relationship between electrode portions of a pixel electrode,
on one hand, and an initial alignment direction of a liquid
crystal molecule.

FIG. 4 is a view for explaining an example of the
relationship between a bias angle and a response speed at a
time of displaying an intermediate gradation.

FIG. 5 is a view for explaining an example of a luminance
factor at a time of varying a film thickness of an alignment
film and a bias angle in the liquid crystal display device of
the embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a liquid crystal
display device includes an array substrate including a com-
mon electrode, an insulation film disposed on the common
electrode, and a pixel electrode disposed on the insulation
film, opposed to the common electrode and provided with a
slit; a counter-substrate disposed to be opposed to the array
substrate; and a liquid crystal layer formed of a negative-
type liquid crystal material held between the array substrate
and the counter-substrate, wherein the liquid crystal layer
includes liquid crystal molecules which are 1nitially aligned
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2

at an angle of 10° to 45° to a direction which is perpen-
dicular to a direction of extension of the slit.

According to another embodiment, a liquid crystal display
device includes an array substrate including a common
electrode, an insulation film disposed on the common elec-
trode, and a pixel electrode which is disposed on the
insulation film, is opposed to the common electrode, and
includes a plurality of electrode portions spaced apart by a
slit; a counter-substrate disposed to be opposed to the array
substrate; and a liquid crystal layer held between the array
substrate and the counter-substrate, wherein the liquid crys-
tal layer includes liquid crystal molecules which are initially
aligned at an angle of 10° to 45° to a direction which is
perpendicular to a direction of extension of the electrode
portions.

Embodiments will now be described in detail with refer-
ence to the accompanying drawings. In the drawings, struc-
tural elements having the same or similar functions are
denoted by like reference numerals, and an overlapping
description is omitted.

FIG. 1 is a view which schematically shows a structure
and an equivalent circuit of a liquid crystal display device
according to an embodiment.

Specifically, the liquid crystal display device includes an
active-matrix-type liquid crystal display panel LPN. The
liquid crystal display panel LPN includes an array substrate
AR which is a first substrate, a counter-substrate CT which
is a second substrate that is disposed to be opposed to the
array substrate AR, and a liquid crystal layer LQ which is
held between the array substrate AR and the counter-sub-
strate CT. The liquid crystal display panel LPN includes an
active area ACT which displays an image. The active area
ACT is composed of a plurality of pixels PX which are
arrayed in a matrix of mxn (m and n are positive integers).

The liquid crystal display panel LPN includes, in the
active area ACT, an n-number of gate lines G (G1 to Gn),
and an m-number of source lines S (S1 to Sm). The gate
lines G extends, for example, substantially linearly in a first
direction X. The gate lines G are disposed in parallel in a
second direction Y crossing the first direction X. In this
example, the first direction X and the second direction Y are
substantially perpendicular to each other. The source lines S
cross the gate lines G. The source lines S extend substan-
tially linearly in the second direction Y. It is not always
necessary that each of the gate lines G and source lines S
extend linearly, and a part thereof may be bent.

Each of the gate lines G is led out of the active area ACT
and is connected to a gate driver GD. Each of the source
lines S is led out of the active area ACT and is connected to
a source driver SD. At least parts of the gate driver GD and
source driver SD are formed on, for example, the array
substrate AR, and are connected to a driving IC chip 2 which
incorporates a controller.

Each of the pixels PX includes a switching element SW,
a pixel electrode PE and a common electrode CE.

In the present embodiment, the liquid crystal display
panel LPN is configured such that the pixel electrodes PE
and common electrode CE are formed on the array substrate
AR, and liquid crystal molecules of the liquid crystal layer
LQ are switched by mainly using an electric field which is
produced between the pixel electrodes PE and the common
electrode CE. The electric field, which is produced between
the pixel electrodes PE and the common electrode CE, is an
oblique electric field which is slightly inclined to an X-Y
plane or a substrate major surface which is defined by the
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first direction X and second direction Y (or a lateral electric
field which is substantially parallel to the substrate major
surface).

The switching element SW is composed of, for example,
an n-channel thin-film transistor (TFT). The switching ele-
ment SW is electrically connected to the gate line G and
source line S. The switching element SW may be of a top
gate type or a bottom gate type. In addition, a semiconductor
layer of the switching element SW is formed of, for
example, polysilicon, but it may be formed of amorphous
silicon.

The pixel electrodes PE are disposed in the respective
pixels PX, and are electrically connected to the switching
elements SW. The common electrode CE is disposed com-
mon to the pixel electrodes PE of plural pixels PX via an
insulation layer. The pixel electrodes PE and common
electrode CE are formed of, for example, a light-transmis-
sive, electrically conductive material such as indium tin
oxide (ITO) or indium zinc oxide (1Z0), but may be formed
of other metallic material such as aluminum.

The array substrate AR includes a power supply module
VS for applying a voltage to the common electrode CE. The
power supply module VS is formed, for example, on the
outside of the active area ACT. The common electrode CE
is led out to the outside of the active area ACT, and is
electrically connected to the power supply module VS.

FIG. 2 is a view which schematically illustrates an
example of a cross section of the active area of the liquid
crystal display panel shown in FIG. 1.

The array substrate AR is formed by using a first insula-
tive substrate 10 having light transmissivity. Source lines S
are formed on a first interlayer insulation film 11, and are
covered with a second interlayer insulation film 12. The
second interlayer insulation film 12 is a planarization film,
and is a transparent organic insulation film in this embodi-
ment. Gate lines and storage capacitance lines, which are not
shown, are disposed, for example, between the first insula-
tive substrate 10 and the first interlayer insulation film 11. A
common electrode CE is formed on the second interlayer
insulation film 12, and is covered with a third interlayer
insulation film 13. Pixel electrodes PE are formed on the
third interlayer insulation film 13. The pixel electrode PE
includes slits SI, which extend, for example, in the second
direction Y, and a plurality of electrode portions PEA which
are mutually spaced apart by the slits SL. The common
electrode CE is opposed to plural pixel electrodes PE via the
third interlayer insulation film 13.

A first alignment film AL1 is disposed on that surface of
the array substrate AR, which is opposed to the counter-
substrate CT, and the first alignment film AL1 extends over
substantially the entirety of the active area ACT. The first
alignment film AL1 covers the pixel electrodes PE, etc., and
is also disposed on the third interlayer insulation film 13.
The first alignment film AL1 is formed of a material which
exhibits horizontal alignment properties.

The counter-substrate CT is formed by using a second
insulative substrate 20 having light transmissivity. The
counter-substrate CT includes a black matrix BM, a color
filter CF, an overcoat layer OC, and a second alignment film
AL2.

The black matrix BM partitions each pixel PX and forms
an aperture portion AP which is opposed to the pixel
electrode PE. Specifically, the black matrix BM is disposed
so as to be opposed to wiring portions, such as the source
lines S, gate lines, and switching elements. In this example,
only those portions of the black matrix BM, which extend in
the second direction Y, are illustrated, but the black matrix
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BM may include portions extending in the first direction X.
The black matrix BM is disposed on an inner surface 20A of
the second insulative substrate 20, which is opposed to the
array substrate AR.

The color filter CF is disposed in association with each
pixel PX. Specifically, the color filter CF is disposed in the
aperture portion AP on the inner surface 20A of the second
insulative substrate 20, and a part of the color filter CF
extends over the black matrix BM. Color filters CF, which
are disposed in the pixels PX neighboring in the first
direction X, have mutually different colors. For example, the
color filters CF are formed of resin materials which are
colored in three primary colors of red, blue and green. A red
color filter CFR, which is formed of a resin material that is
colored in red, is disposed in association with a red pixel. A
blue color filter CFB, which is formed of a resin material that
is colored in blue, is disposed in association with a blue
pixel. A green color filter CFG, which is formed of a resin
material that is colored in green, is disposed in association
with a green pixel. Boundaries between these color filters CF
are located at positions overlapping the black matrix BM.

The overcoat layer OC covers the color filters CF. The
overcoat layer OC reduces the effect of asperities on the
surface of the color filters CF.

The second alignment film AL2 is disposed on that
surface of the counter-substrate CT, which is opposed to the
array substrate AR, and the second alignment film AL2
extends over substantially the entirety of the active area
ACT. The second alignment film AL2 covers the overcoat
layer OC, etc. The second alignment film AL2 is formed of
a material which exhibits horizontal alignment properties.

The first alignment film AL1 and second alignment film
AL 2 are in contact with the liquid crystal layer LQ. The first
alignment film AL1 and second alignment film AL2 are
subjected to alignment treatment (e.g. rubbing treatment or
optical alignment treatment) for initially aligning the liquid
crystal molecules of the liquid crystal layer LQ in a prede-
termined direction.

In the meantime, a state in which no voltage is applied to
the liquid crystal layer LQ, that is, a state (OFF time) in
which no potential difference (or electric field) is produced
between the pixel electrode PE and common electrode CE,
corresponds to the initial alignment state, and the alignment
direction of the liquid crystal molecule LM at the OFF time
corresponds to the initial alignment direction.

The above-described array substrate AR and counter-
substrate CT are disposed such that their first alignment film
ALl and second alignment film AL2 are opposed to each
other. In this case, columnar spacers, which are formed of,
e.g. a resin material so as to be integral to one of the array
substrate AR and counter-substrate CT, are disposed
between the first alignment film AL1 of the array substrate
AR and the second alignment film AL2 of the counter-
substrate CT. Thereby, a predetermined cell gap is created.
The array substrate AR and counter-substrate CT are
attached by a sealant (not shown) on the outside of the active
area ACT in the state in which the predetermined cell gap is
created therebetween.

The liquid crystal layer LQ is held in the cell gap which
is created between the array substrate AR and the counter-
substrate CT, and is disposed between the first alignment
film AL1 and second alignment film AL2. The liquid crystal
layer LQ is composed of, for example, a liquid crystal
material having a negative (negative-type) dielectric con-
stant anisotropy.

A first optical element OD1 is attached by, e.g. an
adhesive to an outer surface of the array substrate AR, that
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is, an outer surface 10B of the first insulative substrate 10
which constitutes the array substrate AR. The first optical
element OD1 is located on that side of the liquid crystal
display panel LPN, which is opposed to backlight 4, and
controls the polarization state of incident light which enters
the liquid crystal display panel LPN from the backlight 4.
The first optical element OD1 includes a first polarizer PL1
having a first polarization axis (or a first absorption axis).

A second optical element OD2 is attached by, e.g. an
adhesive to an outer surface of the counter-substrate CT, that
is, an outer surface 20B of the second insulative substrate 20
which constitutes the counter-substrate CT. The second
optical element OD2 is located on the display surface side of
the liquid crystal display panel LPN, and controls the
polarization state of emission light emerging from the liquid
crystal display panel LPN. The second optical element OD2
includes a second polarizer PL.2 having a second polariza-
tion axis (or a second absorption axis).

The first polarization axis of the first polarizer PL1 and the
second polarization axis of the second polarizer PL2 have,
for example, an orthogonal positional relationship (crossed
Nicols). In this case, one of the polarizers is disposed, for
example, such that the polarization axis thereof is parallel or
perpendicular to the initial alignment direction of liquid
crystal molecules, that is, a first alignment treatment direc-
tion or a second alignment treatment direction.

FIG. 3 is a view for explaining an example of the
relationship between electrode portions PEA of the pixel
electrode PE, on one hand, and an initial alignment direction
of a liquid crystal molecule LM.

The initial alignment direction of the liquid crystal mol-
ecule LM is a direction inclined to a direction which is
substantially perpendicular to the direction of extension of
the slits SL or the direction of extension of the electrode
portions PEA. In the example illustrated, the direction of
extension of the slits SL and electrode portions PEA is the
second direction Y. An angle (bias angle) 6 formed between
the direction (first direction X), which is substantially per-
pendicular to the direction of extension of the slits SL or the
direction of extension of the electrode portions PEA, and the
initial alignment direction of the liquid crystal molecule LM,
is set in a range of, for example, 10° to 45°. The bias angle
0 is defined by the alignment treatment direction of the first
alignment film AL1 and second alignment film AL2.

In the above-described liquid crystal display device, in a
state in which no voltage is applied to the liquid crystal layer
LQ, that is, in a state (OFF time) in which no potential
difference (or electric field) is produced between the pixel
electrode PE and common electrode CE, the liquid crystal
molecule LM of the liquid crystal layer 1.Q is aligned such
that the major axis thereof is positioned in the first alignment
treatment direction of the first alignment film AL1 and the
second alignment treatment direction of the second align-
ment film AL2. This OFF time corresponds to the initial
alignment state, and the alignment direction of the liquid
crystal molecule LM at the OFF time corresponds to the
initial alignment direction.

Part of light from the backlight 4 passes through the first
polarizer PL1, and enters the liquid crystal display panel
LPN. The polarization state of the light, which has entered
the liquid crystal display panel LPN, varies depending on the
alignment state of the liquid crystal molecule LM when the
light passes through the liquid crystal layer LQ. Thus, at the
OFF time, the light, which has passed through the liquid
crystal display panel LPN; is absorbed by the second polar-
izer PL2 (black display).
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On the other hand, in a state in which a voltage is applied
to the liquid crystal layer LQ, that is, in a state (ON time) in
which a potential difference (or electric field) is produced
between the pixel electrode PE and the common electrode
CE, a lateral electric field (or oblique electric field) compo-
nent, which is substantially parallel to the substrates, is
produced between the pixel electrode PE and the common
electrode CE. The liquid crystal molecule LM is affected by
the electric field, and rotates in a plane which is substantially
parallel to the X-Y plane.

At this ON time, part of light, which is incident on the
liquid crystal display panel LPN from the backlight 4, passes
through the first polarizer PL1 and enters the liquid crystal
display panel LPN. The light, which has entered the liquid
crystal display panel LPN, changes its polarization state. At
this ON time, at least part of the light emerging from the
liquid crystal layer LQ passes through the second polarizer
PL2 (white display).

In this case, the bias angle 0 is set at a predetermined
angle in order to prevent the occurrence of a reverse domain
in the liquid crystal layer LQ. In the case of a liquid crystal
having a positive (positive-type) dielectric constant anisot-
ropy, there is a tendency that the director of the liquid crystal
molecule LM varies in the cell gap direction Z by a vertical
electric field component occurring between the pixel elec-
trode PE and the common electrode CE, and between the
pixel electrode PE and common electrode CE, on one hand,
and the counter-substrate CT, on the other hand. Thus, even
when a predetermined bias angle is provided, if a high
voltage is applied to the liquid crystal layer LQ or if a
pressing force is applied from the outside, there is a possi-
bility that the alignment of the liquid crystal molecule LM
is disturbed and a reverse domain occurs. On the other hand,
in the case of a liquid crystal display device which adopts a
negative-type liquid crystal, the director of the liquid crystal
molecule LM hardly varies in the cell gap direction Z by the
vertical electric field component occurring between the pixel
electrode PE and the common electrode CE. Thus, such a
result was obtained that in the liquid crystal display device
which adopts a negative-type liquid crystal, compared to the
liquid crystal display device which adopts a positive-type
liquid crystal, the occurrence of a reverse domain can be
suppressed.

Specifically, in an FFS-mode liquid crystal display device
which adopts a negative-type liquid crystal, compared to an
FFS-mode liquid crystal display device which adopts a
positive-type liquid crystal, there are a smaller number of
liquid crystal molecules which are aligned in the cell gap
direction 7 (tilt angle) when a voltage is applied to the pixel
electrode PE and common electrode CE. Thus, when the
negative-type liquid crystal is adopted, a reverse domain
hardly occurs even if the bias angle 0 is small.

In the meantime, in the liquid crystal display device which
adopts a positive-type liquid crystal, the bias angle 0 is an
angle of an initial alignment direction of liquid crystal
molecules to the direction of extension of the slit of the pixel
electrode.

However, as regards the negative-type liquid crystal,
compared to the positive-type liquid crystal, it is difficult to
compound a liquid crystal material with low viscosity. For
example, such a tendency was observed that a response
speed at a time of displaying an intermediate gradation
under common conditions was slower when the negative-
type liquid crystal was applied to the FFS-mode liquid
crystal display device than when the positive-type liquid
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crystal was applied to the FFS-mode liquid crystal display
device. This tendency is conspicuous when an intermediate
gradation is displayed.

Taking the above into consideration, the inventor found
that in the FFS-mode liquid crystal display device which
adopts the negative-type liquid crystal, the response speed at
a time of displaying an intermediate gradation can be
improved by setting the bias angle 8 at 10° or more.

In addition, the inventor found that in the FFS-mode
liquid crystal display device which adopts the negative-type
liquid crystal, compared to the FFS-mode liquid crystal
display device which adopts the positive-type liquid crystal,
the sensitivity to the film thickness of the alignment film is
high, and non-uniformity in luminance tends to easily occur,
but the occurrence of non-uniformity in luminance can be
suppressed by setting the bias angle 6 at 10° or more.

FIG. 4 is a view for explaining an example of the
relationship between the bias angle 6 and a response speed
of a liquid crystal at a time of displaying an intermediate
gradation. In the meantime, the response speed of the liquid
crystal is, for example, a time that is needed from the
application of a predetermined voltage to the stabilization of
the alignment state of liquid crystal molecules. In this
example, a response time (the bias angle is fixed at a
predetermined value) at a time of displaying an intermediate
gradation in an FFS-mode liquid crystal display device,
which adopts a positive-type liquid crystal, is used as a
reference, and the response time is indicated by a response
time ratio at a time of displaying an intermediate gradation
in an FFS-mode liquid crystal display device which adopts
a negative-type liquid crystal ((the response time at a time of
adopting a negative-type liquid crystal—the response time at
a time of adopting a positive-type liquid crystal (the bias
angle is fixed at a predetermined value))/the response time
at a time of adopting a positive-type liquid crystal (the bias
angle is fixed at a predetermined value)).

In the FFS-mode liquid crystal display device which
adopts the negative-type liquid crystal, when the bias angle
0 was set at 10°, the response time was such that a sufficient
display quality can be obtained, even when this display
device was compared with the FFS-mode liquid crystal
display device which adopts the positive-type liquid crystal.
In the FFS-mode liquid crystal display device which adopts
the negative-type liquid crystal, when the bias angle 8 was
set at, for example, 10° or more, the response time at a time
of displaying an intermediate gradation became shorter as
the bias angle 0 became larger.

Specifically, according to the present embodiment, a
liquid crystal display device, which can improve the
response speed of the negative-type liquid crystal, as has
been described above, and can suppress degradation in
display quality, can be provided.

FIG. 5 is aview for explaining an example of a luminance
factor at a time of varying the film thickness of the alignment
film and the bias angle in the liquid crystal display device of
the embodiment. In FIG. 5, a solid line indicates an example
of the luminance factor of an FFS-mode liquid crystal
display device which adopts a negative-type liquid crystal,
and a broken line indicates an example of the luminance
factor of an FFS-mode liquid crystal display device which
adopts a positive-type liquid crystal. Incidentally, a lumi-
nance factor at a time when the variation amount of the
thickness of the alignment film is +0 nm, the luminance
factor is set as a reference (luminance factor=0%), and the
ratio of a varied luminance to this value is indicated on the
ordinate as a luminance factor.
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When the alignment film thickness is =5 nm, the lumi-
nance increases, compared to a time when the variation
amount of the alignment film thickness is +0 nm. When the
alignment film thickness was set at =5 nm, the luminance
factor of the FFS-mode liquid crystal display device, which
adopts the negative-type liquid crystal, became smaller as
the bias angle became larger. When the bias angle 6 was set
at 19°, the luminance factor of the FFS-mode liquid crystal
display device, which adopts the negative-type liquid crys-
tal, became substantially equal to the luminance factor of the
FFS-mode liquid crystal display device, which adopts the
positive-type liquid crystal.

When the alignment film thickness is +5 nm, the lumi-
nance decreases, compared to a time when the variation
amount of the alignment film thickness is +0 nm. When the
alignment film thickness was set at +5 nm, the luminance
factor of the FFS-mode liquid crystal display device, which
adopts the negative-type liquid crystal, became greater as the
bias angle 6 became larger. When the bias angle 6 was set
at 19°, the luminance factor of the FFS-mode liquid crystal
display device, which adopts the negative-type liquid crys-
tal, became substantially equal to the luminance factor of the
FFS-mode liquid crystal display device, which adopts the
positive-type liquid crystal.

According to this result, as the bias angle 6 becomes
larger, the difference in luminance factor between the case
where the negative-type liquid crystal is adopted and the
case where the positive-type liquid crystal is adopted
becomes smaller. When the bias angle 8 was set at 19°, the
luminance factor was substantially equal between the case
where the negative-type liquid crystal was adopted and the
case where the positive-type liquid crystal was adopted.

Specifically, as the bias angle 6 was made larger, the
sensitivity of the negative-type liquid crystal to the align-
ment film thickness was successfully made lower. Further-
more, by setting the bias angle 6 at 10° or more, the
sensitivity of the negative-type liquid crystal to the align-
ment film thickness can be made sufficiently low, and the
occurrence of non-uniformity in display was successfully
suppressed.

As has been described above, according to the present
embodiment, a liquid crystal display device, which can
suppress degradation in display quality, can be provided.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:

1. A liquid crystal display device comprising:

an array substrate including a common electrode, an
insulation film disposed on the common electrode, a
pixel electrode disposed on the insulation film, opposed
to the common electrode and provided with a slit, and
a first alignment film disposed on the pixel electrode;

a counter-substrate disposed to be opposed to the array
substrate; and

a liquid crystal layer formed of a negative-type liquid
crystal material held between the array substrate and
the counter-substrate,
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wherein the liquid crystal layer includes liquid crystal
molecules which are initially aligned at an angle of 10°
to 45° to a direction which is perpendicular to a
direction of extension of the slit, and

a ratio of a varied luminance to a variation amount of a

thickness of the first alignment film is less than or equal
to 6.0%.
2. The liquid crystal display device of claim 1, wherein
the first alignment film is in contact with the liquid crystal
layer,
the counter-substrate includes a second alignment film
which is in contact with the liquid crystal layer, and

the first alignment film and the second alignment film are
subjected to alignment treatment in such a manner as to
define an initial alignment direction of the liquid crystal
molecules.

3. The liquid crystal display device of claim 1, wherein
the array substrate further includes a gate line extending in
a first direction and a source line extending in a second
direction which is perpendicular to the first direction, and

the slit extends in the second direction.

4. A liquid crystal display device comprising:

an array substrate including a common electrode, an

insulation film disposed on the common electrode, a
pixel electrode which is disposed on the insulation film,
is opposed to the common electrode, and includes a
plurality of electrode portions spaced apart by a slit,
and a first alignment film disposed on the pixel elec-
trode;

a counter-substrate disposed to be opposed to the array

substrate; and

aliquid crystal layer held between the array substrate and

the counter-substrate,

wherein the liquid crystal layer is composed of a liquid

crystal material having a negative dielectric constant
anisotropy,

the liquid crystal layer includes liquid crystal molecules

which are initially aligned at an angle of 10° to 45° to
a direction which is perpendicular to a direction of
extension of the electrode portions, and
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a ratio of a varied luminance to a variation amount of a
thickness of the first alignment film is less than or equal
to 6.0%.
5. The liquid crystal display device of claim 4, wherein
the first alignment film is in contact with the liquid crystal
layer,
the counter-substrate includes a second alignment film
which is in contact with the liquid crystal layer, and

the first alignment film and the second alignment film are
subjected to alignment treatment in such a manner as to
define an initial alignment direction of the liquid crystal
molecules.

6. The liquid crystal display device of claim 4, wherein
the array substrate further includes a gate line extending in
a first direction and a source line extending in a second
direction which is perpendicular to the first direction, and

the electrode portions extend in the second direction.

7. The liquid crystal display device of claim 2, wherein
the first alignment film is in contact with the pixel electrode.

8. The liquid crystal display device of claim 7, wherein
the counter-substrate further includes a color filter and an
overcoat layer covering the color filter, and

the second alignment film is in contact with the overcoat

layer.

9. The liquid crystal display device of claim 3, wherein
the common electrode is arranged directly below the pixel
electrode and is arranged directly above the source line.

10. The liquid crystal display device of claim 1, wherein
the angle is set in a range of 19° to 45°.

11. The liquid crystal display device of claim 5, wherein
the first alignment film is in contact with the pixel electrode.

12. The liquid crystal display device of claim 11, wherein
the counter-substrate further includes a color filter and an
overcoat layer covering the color filter, and the second
alignment film is in contact with the overcoat layer.

13. The liquid crystal display device of claim 6, wherein
the common electrode is arranged directly below the pixel
electrode and is arranged directly above the source line.

14. The liquid crystal display device of claim 4, wherein
the angle is set in a range of 19° to 45°.
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