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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2011-
008776, filed Jan. 19, 2011, the entire contents of which are
incorporated 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 vig-
orously developed. By virtue of such advantageous features
as light weight, small thickness and low power consumption,
special attention has been paid to liquid crystal display
devices among others. In particular, in active matrix liquid
crystal 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
alateral electric field which is substantially parallel to a major
surface of the array substrate.

On the other hand, there has been proposed a technique
wherein a lateral electric field or an oblique electric field is
produced between a pixel electrode formed on an array sub-
strate and a counter-electrode formed on a counter-substrate,
thereby switching liquid crystal molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a structure of a liquid crystal
display device according to an embodiment.

FIG. 2 is a view which schematically illustrates a structure
and an equivalent circuit of a liquid crystal display panel
shown in FIG. 1.

FIG. 3 isaplan view which schematically shows a structure
ofan array substrate at a time when a pixel of the liquid crystal
display panel shown in FIG. 2 is viewed from a counter-
substrate side.

FIG. 4is a plan view which schematically shows a structure
of a pixel on the counter-substrate of the liquid crystal display
panel shown in FIG. 2.

FIG. 5 is a plan view which schematically shows a mini-
mum unit structure in one pixel of a structure example of the
embodiment.

FIG. 6 is a schematic cross-sectional view of a liquid crys-
tal display panel including a first main electrode and a second
main electrode, taken along line A-A' in the unit structure
shown in FIG. 5.

FIG. 7 is a schematic cross-sectional view of the liquid
crystal display panel, for explaining a pre-tilt angle o of a
liquid crystal molecule included in the liquid crystal layer.

FIG. 8 is a schematic cross-sectional view of the liquid
crystal display panel, for explaining alignment states ofliquid
crystal molecules included in the liquid crystal layer.
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FIG. 9 is a plan view which schematically shows a mini-
mum unit structure in one pixel of another structure example
of the embodiment.

FIG. 10 is a schematic cross-sectional view of the liquid
crystal display panel, for explaining alignment states of liquid
crystal molecules included in the liquid crystal layer.

FIG. 11 is a schematic cross-sectional view of the liquid
crystal display panel, for explaining a pre-tilt angle o of
splay-aligned liquid crystal molecules included in the liquid
crystal layer.

DETAILED DESCRIPTION

In general, according to one embodiment, a liquid crystal
display device includes a first substrate including a gate line
and a storage capacitance line which extend in a first direc-
tion, a first source line and a second source line which extend
in a second direction perpendicular to the first direction, a
T-shaped pixel electrode including a strip-shaped first main
electrode, which is positioned midway between the first
source line and the second source line and extends in the
second direction, and a strip-shaped sub-electrode, which is
continuous with the first main electrode, is positioned above
the storage capacitance line and extends in the first direction,
and a first alignment film formed of a material which exhibits
horizontal alignment propetties, the first alignment film cov-
ering the pixel electrode; a second substrate including a
counter-electrode which includes a strip-shaped second main
electrode positioned above the first source line and the second
source line and extending in the second direction, and a sec-
ond alignment film formed of a material which exhibits hori-
zontal alignment properties, the second alignment film cov-
ering the counter-electrode; and a liquid crystal layer
including a liquid crystal molecule held in a cell gap between
the first substrate and the second substrate, wherein when an
inter-electrode distance in the first direction between the first
main electrode and the second main electrodeis L and the cell
gap is GP, a formed angle ©, which is expressed by a rela-
tionship oftan =GP/, is greater than a pre-tilt angle o of the
liquid crystal molecule.

According to another embodiment, a liquid crystal display
device includes a first substrate including a gate line extend-
ing in a first direction, a first source line and a second source
line which extend in a second direction perpendicular to the
first direction, a pixel electrode including a strip-shaped first
main electrode, which is positioned midway between the first
source line and the second source line and extends in the
second direction, and a sub-electrode extending from the first
main electrode toward the first source line and the second
source line, and a first alignment film formed of a material
which exhibits horizontal alignment properties, the first
alignment film covering the pixel electrode; a second sub-
strate including a counter-electrode which includes a strip-
shaped second main electrode positioned above the first
source line and the second source line and extending in the
second direction, and a second alignment film formed of a
material which exhibits horizontal alignment properties, the
second alignment film covering the counter-electrode; and a
liquid crystal layer including a liquid crystal molecule held in
acell gap between the first substrate and the second substrate,
wherein when an inter-electrode distance in the first direction
between the first main electrode and the second main elec-
trode is L and the cell gap is GP, a formed angle ©, which is
expressed by a relationship of tan @=GP/L, is greater than a
pre-tilt angle o of the liquid crystal molecule.

According to another embodiment, a liquid crystal display
device includes a first substrate including a gate line extend-
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ing in a first direction, a pixel electrode including a strip-
shaped first main electrode, which extends in a third direction
crossing a second direction perpendicular to the first direction
at an acute angle clockwise from the second direction, and a
strip-shaped second main electrode, which extends in a fourth
direction crossing the second direction at an acute angle
counterclockwise from the second direction, and a first align-
ment film formed of a material which exhibits horizontal
alignment properties, the first alignment film covering the
pixel electrode; a second substrate including a counter-elec-
trode which includes a strip-shaped third main electrode dis-
posed on both sides of the first main electrode and extending
in the third direction, and a strip-shaped fourth main electrode
disposed on both sides of the second main electrode and
extending in the fourth direction, and a second alignment film
formed of a material which exhibits horizontal alignment
properties, the second alignment film covering the counter-
electrode; and a liquid crystal layer including a liquid crystal
molecule which is held in a cell gap between the first substrate
and the second substrate, and is initially aligned along the
second direction at an OFF time when no electric field is
produced between the pixel electrode and the counter-elec-
trode, wherein an inter-electrode distance L in the first direc-
tion between the first main electrode and the third main elec-
trode is substantially equal to an inter-electrode distance L in
the first direction between the second main electrode and the
fourth main electrode, and when the cell gap is GP, a formed
angle ®, which is expressed by a relationship of tan @=GP/L,
is greater than a pre-tilt angle o of the liquid crystal molecule.

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 of
aliquid crystal display device 1 according to an embodiment.

Specifically, the liquid crystal display device 1 includes an
active-matrix-type liquid crystal display panel LPN, a driving
1C chip 2 and a flexible wiring board 3 which are connected to
the liquid crystal display panel LPN, and a backlight 4 which
illuminates the liquid crystal display panel LPN.

The liquid crystal display panel LPN is configured to
include an array substrate AR which is a first substrate, a
counter-substrate CT which is a second substrate that is dis-
posed to be opposed to the array substrate AR, and a liquid
crystal layer which is disposed between the array substrate
AR and the counter-substrate 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 backlight 4, in the example illustrated, is disposed on
the back side of the array substrate AR. Various modes are
applicable to the backlight 4. As the backlight 4, use may be
made of either a backlight which utilizes a light-emitting
diode (LED) as a light source, or a backlight which utilizes a
cold cathode fluorescent lamp (CCFL) as a light source. A
description of the detailed structure of the backlight 4 is
omitted.

FIG. 2 is a view which schematically shows a structure and
an equivalent circuit of the liquid crystal display panel LPN
shown in FIG. 1.

The liquid crystal display panel LPN includes, in the active
area ACT, an n-number of gate lines G (G1 to Gn), an n-num-
ber of storage capacitance lines C (C1 to Cn), and an m-num-
ber of source lines S (S1 to Sm). The gate lines G and storage
capacitance lines C extend in a first direction X. In addition,
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the gate lines G and storage capacitance lines C neighbor at
intervals along a second direction’Y which is perpendicular to
the first direction X, and are alternately arranged in parallel.
The source lines S cross the gate lines G and storage capaci-
tance lines C, and extend in the second direction Y. In addi-
tion, the source lines S are arranged in parallel along the first
direction X. In the example illustrated, the gate lines G and
storage capacitance lines C, on one hand, and the source lines
S, on the other hand, are perpendicular to each other, but are
electrically insulated from each other. It is not always neces-
sary that each of the gate lines G, storage capacitance lines C
and sourcelines S extend in a straight shape, 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
Sisled out ofthe 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 counter-electrode CE. A storage
capacitance CS is formed, for example, between the storage
capacitance line C and the pixel electrode PE. The storage
capacitance line C is electrically connected to a voltage appli-
cation module VCS to which a storage capacitance voltage is
applied.

In the present embodiment, the liquid crystal display panel
LPN is configured such that the pixel electrodes PE are
formed on the array substrate AR, and at least a part of the
counter-electrode CE is formed on the counter-substrate CT,
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 counter-electrode
CE. The electric field, which is produced between the pixel
electrodes PE and the counter-electrode CE, is an oblique
electric field which is slightly inclined to an X-Y plane which
is defined by the first direction X and second direction Y, or to
a substrate major surface of the array substrate AR or a sub-
strate major surface of the counter-substrate CT (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 element
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 may be formed of, for example, poly-
silicon, or amorphous silicon. In the active area ACT, an
(mxn) number of switching elements SW are formed.

The pixel electrodes PE are disposed in the respective
pixels PX, and are electrically connected to the switching
elements SW. The counter-electrode CE has, for example, a
common potential, and is disposed common to the pixel elec-
trodes PE of plural pixels PX via the liquid crystal layer LQ.
The pixel electrodes PE and counter-electrode CE are formed
of a light-transmissive electrically conductive material such
as indium tin oxide (ITO) or indium zinc oxide (1ZO). How-
ever, the pixel electrodes PE and counter-electrode CE 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 counter-electrode CE. The power
supply module VS is formed, for example, on the outside of
the active area ACT. The counter-electrode CE of the counter-
substrate CT 1s led out to the outside of the active area ACT,
and is electrically connected to the power supply module VS
via an electrically conductive member (not shown).
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FIG. 3 isa plan view which schematically shows a structure
of the array substrate AR at a time when the pixel of the liquid
crystal display panel LPN shown in FIG. 2 is viewed from the
counter-substrate CT side.

A gate line G1, a storage capacitance line C1 and a storage
capacitance line C2 extend in the first direction X. A source
line S1 and a source line S2 extend in the second direction Y.
The gate line G1 is positioned between the storage capaci-
tance line C1 and storage capacitance line C2, and is disposed
close to the storage capacitance line C2. Specifically, the
distance between the gate line G1 and the storage capacitance
line C2 in the second direction Y is smaller than the distance
between the gate line G1 and the storage capacitance line C1
in the second direction Y.

In the example illustrated, the pixel PX corresponds to a
grid region which is formed by the storage capacitance lines
C1 and C2 and the source lines S1 and S2, as indicated by a
broken line. The pixel PX has a rectangular shape having a
greater length in the second direction Y than in the first
direction X. The length of the pixel PX in the first direction X
corresponds to a pitch between the source line S1 and source
line S2 in the first direction X. The length of the pixel PX in
the second direction Y corresponds to a pitch between the
storage capacitance line C1 and storage capacitance line C2
in the second direction Y.

In the pixel PX illustrated, the storage capacitance line C1
is disposed at an upper side end portion, the storage capaci-
tance line C2 is disposed at a lower side end portion, the
source line S1 is disposed at a left side end portion, and the
source line S2 is disposed at a right side end portion. Strictly
speaking, the source line S1 is disposed to extend over a
boundary between the pixel PX and a pixel neighboring on
the left side, and the source line S2 is disposed to extend over
a boundary between the pixel PX and a pixel neighboring on
the right side. A substantially rectangular transmissive region,
which extends in the second direction Y, is formed between
the source line S1 and the pixel electrode PE, and between the
source line S2 and the pixel electrode PE.

The pixel electrode PE includes a first main electrode PA
and a sub-electrode PC. The first main electrode PA and
sub-electrode PC are integrally formed as one piece, and are
electrically connected to each other. In the meantime, in the
example illustrated, only the pixel electrode PE which is
disposed in one pixel PX is shown, but pixel electrodes of the
same shape are disposed in other pixels, the depiction of
which is omitted. The pixel electrode PE is electrically con-
nected to the switching element, for example, at the sub-
electrode PC.

The first main electrode PA is formed in a strip shape which
linearly extends in the second direction Y. The first main
electrode PA is positioned within the pixel PX, on the inside
of positions immediately above the source line S1 and source
line S2, and is disposed at a substantially middle point
between the source line S1 and source line S2. The first main
electrode PA extends from the vicinity of the upper side end
portion of the pixel PX to the vicinity of the lower side end
portion of the pixel PX. In the example illustrated, the first
main electrode PA crosses the gate line G1 on the side near the
storage capacitance line C2 of the pixel PX, but the first main
electrode PA and the gate line G1 are electrically insulated.

The sub-electrode PC is continuous with the first main
electrode PA, and is formed in a strip shape which linearly
extends in the first direction X. The sub-electrode PC is posi-
tioned above the storage capacitance line C1. In other words,
the sub-electrode PC is opposed to the storage capacitance
line C1, and the storage capacitance line C1 is positioned
below the sub-electrode PC. However, the sub-electrode PC
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and storage capacitance line C1 are electrically insulated. In
addition, from another viewpoint, the sub-electrode PC
extends from the first main electrode PA toward the source
line S1 and source line S2, and is formed in a straight-line
shape. The sub-electrode PC may be formed, as shown in
FIG. 3, as a part of the pixel electrode PE (i.e. the sub-
electrode PC may integrally formed of the same material as,
e.g. the first main electrode PA), or may be formed of some
other member which is electrically connected to the pixel
electrode PE, for example, the same member as the semicon-
ductor layer of the switching element or the same member as
the source line. It is desirable that the length of the sub-
electrode PC in the first direction X be less than the length of
the storage capacitance line C1 in the first direction X
between the source line S1 and source line S2, and that the
sub-electrode PC overlap neither the source line S1 nor the
source line S2.

In the example shown in FIG. 3, the sub-electrode PC is
continuous with the upper end of the first main electrode PA,
that is, the position overlapping the storage capacitance line
C1, and the pixel electrode PE is formed in a T shape. How-
ever, in a case where the sub-electrode PC is continuous with
an intermediate part of the first main electrode PA, the pixel
electrode PE is formed in a cross (+) shape.

FIG. 4 is a plan view which schematically shows the struc-
ture of the pixel PX on the counter-substrate CT of the liquid
crystal display panel LPN shown in FIG. 2. The pixel elec-
trode PE, source line S1 and source line S2 are depicted by
broken lines, in order to explain the positional relationship
between the counter-electrode CE and the pixel electrode PE.

The counter-electrode CE includes a second main elec-
trode CA1 and a second main electrode CA2. Each of the
second main electrode CA1 and second main electrode CA2
is formed in a strip shape which linearly extends in the second
direction Y. The second main electrode CA1 is positioned
above the source line S1, and the second main electrode CA2
is positioned above the source line S2. In other words, the
second main electrode CA1 is opposed to the source line S1,
and the source line S1 is positioned below the second main
electrode CAl. In addition, the second main electrode CA2 is
opposed to the source line S2, and the source line S2 is
positioned below the second main electrode CA2. The second
main electrode CAl and second main electrode CA2 are
integrally formed and electrically connected to each other.

The second main electrode CA1 and second main electrode
CA2 do not overlap the first main electrode PA of the pixel
electrode PE, and are alternately arranged in the first direction
X at substantially regular intervals. Specifically, the first main
electrode PA is positioned at a substantially middle point
between the second main electrode CAl and second main
electrode CA2. In other words, one first main electrode PA is
positioned between the neighboring second main electrode
CA1 and second main electrode CA2. In short, the second
main electrode CA1 and second main electrode CA2 are
positioned on both sides of one first main electrode PA. The
second main electrode CAl, first main electrode PA and
second main electrode CA2 are arranged in the name order in
the first direction X from the left side in FIG. 3. The inter-
electrode distance between the first main electrode PA and the
second main electrode CA1 in the first direction X is substan-
tially equal to the inter-electrode distance between the first
main electrode PA and the second main electrode CA2 in the
first direction X.

Transmissive regions (aperture portions) of the pixel PX,
which mainly contribute to display, are formed between the
first main electrode PA and the second main electrode CAl
and between the first main electrode PA and the second main
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electrode CA2. In the state in which an electric field is pro-
duced between the pixel electrode PE and the counter-elec-
trode CE, the main alignment direction of liquid crystal mol-
ecules in each aperture portion is a direction which is
indicated by an arrow Al or an arrow A2 in FIG. 4. In short,
a plurality of domains, for example, two domains, are formed
in one pixel PX.

This phenomenon will be described in greater detail.

FIG. 5 is a plan view which schematically shows a mini-
mum unit structure in one pixel PX of a structure example of
the embodiment. In general, a liquid crystal molecule LM has
a rod shape or a rugby-ball shape. In this example, however,
the liquid crystal molecule LM is schematically depicted in a
conical shape.

The pixel electrode PE includes a first main electrode PA
extending in the second direction Y. The counter-electrode CE
includes a second main electrode CA1 and a second main
electrode CA2 which extend in the second direction Y. These
first main electrode PA, second main electrode CAl and
second main electrode CA2 are arranged in parallel to each
other.

FIG. 6 is a schematic cross-sectional view of the liquid
crystal display panel LPN including the first main electrode
PA, second main electrode CA1 and second main electrode
CA2,taken along line A-A' in the unit structure shown in FIG.
5. FIG. 6 illustrates equipotential lines in the state in which a
potential difference is produced between the first main elec-
trode PA, on one hand, and the second main electrode CA1
and second main electrode CA2, on the other hand.

The array substrate AR is formed by using a first insulative
substrate SUB1 having light transmissivity, such as a glass
substrate or a plastic substrate. The array substrate AR
includes the pixel electrode and a first alignment film AL1, in
addition to the switching element, on that side of the first
insulative substrate SUB1, which is opposed to the counter-
substrate CT.

The pixel electrode PE includes the sub-electrode PC (not
shown) in addition to the first main electrode PA which is
shown. In the example illustrated, the pixel electrode PE is
formed on an insulation layer IS, and the pixel electrode PE is
electrically connected to the switching element via a contact
hole which is formed in the insulation layer IS.

The 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 electrode PE. The first
alignment film AL1 is formed of a material which exhibits
horizontal alignment properties. In order to initially align the
liquid crystalmolecules LM of the liquid erystal layer LQ, the
first alignment film AL1 is subjected to alignment treatment
along a first alignment treatment direction RB1 (e.g. rubbing
treatment or optical alignment treatment). The first alignment
treatment direction RB1, in which the first alignment film
AL initially aligns the liquid crystal molecules, is set to be a
third direction D3 shown in FIG. 5.

On the other hand, the counter-substrate CT is formed by
using a second insulative substrate SUB2 having light trans-
missivity, such as a glass substrate or a plastic substrate. The
counter-substrate CT includes the counter-electrode CE and a
second alignment film AL2, on that side of the second insu-
lative substrate SUB2, which is opposed to the array substrate
AR. Although not illustrated, the counter-substrate CT may
include a black matrix which partitions the pixels PX, a color
filter layer which is disposed in association with each pixel
PX, and an overcoat layer which reduces the effect of asperi-
ties on the surface of the color filter layer.
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The counter-electrode CE includes the second main elec-
trode CA1 and second main electrode CA2, as illustrated. As
shown in FIG. 6, the second main electrode CA1 and second
main electrode CA2 are disposed at positions which are dis-
placed from a position immediately above the first main elec-
trode PA. Specifically, the second main electrode CAl and
second main electrode CA2 are disposed on both sides of the
position immediately above the first main electrode PA, so
that the second main electrode CA1 and second main elec-
trode CA2 may not be opposed to the first main electrode PA.

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 counter-electrode CE.
The second alignment film AL2 is formed of a material which
exhibits horizontal alignment properties. In order to initially
align the liquid crystal molecules LM of the liquid crystal
layer LQ, the second alignment film AL2 is subjected to
alignment treatment along a second alignment treatment
direction RB2 (e.g. rubbing treatment or optical alignment
treatment). The second alignment treatment direction RB2, in
which the second alignment film AL2 initially aligns the
liquid crystal molecules, is the same direction as the first
alignment treatment direction RB1. In other words, the sec-
ond alignment treatment direction RB2 is parallel to the third
direction D3 inthe X-Y plane. In anexample shown in part (a)
of FIG. 5, the first alignment treatment direction RB1 and
second alignment treatment direction RB2 are opposite to
each other. In an example shown in part (b) of FIG. 5, the first
alignment treatment direction RB1 and second alignment
treatment direction RB2 are identical.

The above-described array substrate AR and counter-sub-
strate CT are disposed such that their first alignment film AL1
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, for example, a cell gap of 2 to 7 um,
is created. The array substrate AR and counter-substrate CT
are attached by a sealant (not shown) 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-sub-
strate CT, and is disposed between the first alignment film
AL and second alignment film AL.2. The liquid crystal layer
LQ includes liquid crystal molecules LM. The liquid crystal
layer LQ is composed of a positive-type liquid crystal mate-
rial.

A first optical element OD1 is attached, by, e.g. an adhe-
sive, to the outer surface of the array substrate AR, that is, the
outer surface of the first insulative substrate SUB1 which
constitutes the array substrate AR. The first optical element
OD1 is positioned on that side of the liquid crystal display
panel LPN, which is opposed to the 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 PL.1 having a
first polarization axis (or first absorption axis) AX1. In the
meantime, another optical element, such as a retardation
plate, may be disposed between the first polarizer PL1 and the
first insulative substrate SUB1.

A second optical element OD?2 is attached, by, e.g. an
adhesive, to the outer surface of the counter-substrate CT, that
1s, the outer surface of the second insulative substrate SUB2
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which constitutes the counter-substrate CT. The second opti-
cal element OD2 is positioned on the display surface side of
the liquid crystal display panel LPN, and controls the polar-
ization state of emission light emerging from the liquid crys-
tal display panel LPN. The second optical element OD2
includes a second polarizer PL2 having a second polarization
axis (or second absorption axis) AX2. In the meantime,
another optical element, such as a retardation plate, may be
disposed between the second polarizer PL2 and the second
insulative substrate SUB2.

The first polarization axis AX1 of the first polarizer PL1
and the second polarization axis AX2 of the second polarizer
PL2 have such a positional relationship (crossed-Nicol) that
the first polarization axis AX1 and the second polarization
axis AX2 are substantially perpendicular to each other. In this
case, one of the polarizers is disposed such that the polariza-
tion axis thereof is parallel (i.e. parallel to the third direction
D3) or perpendicular (i.e. perpendicular to the third direction
D3) to the major axis direction of the liquid crystal molecule
LM, that is, the first alignment treatment direction RB1 or
second alignment treatment direction RB2.

In an example shown in part (¢) of FIG. 5, the first polarizer
PL1 is disposed such that the first polarization axis AX1
thereof is perpendicular to the third direction D3, and the
second polarizer PL2 is disposed such that the second polar-
ization axis AX2 thereof'is parallel to the third direction D3.
In an example shown in part (d) of FIG. 5, the second polar-
izer PL2 is disposed such that the second polarization axis
AX2 thereof is perpendicular to the third direction D3, and
the first polarizer PL1 is disposed such that the first polariza-
tion axis AX1 thereof is parallel to the third direction D3.

Thereby, a normally black mode is realized.

An angle 61 formed between the second direction Y, in
which the first main electrode PA of pixel electrode PE and
the second main electrode CA of counter-electrode CE
extend, and the third direction, which is parallel to the first
alignment treatment direction RB1 and second alignment
treatment direction RB2, is 0° or more and is less than 45°.
Specifically, the third direction D3 is a direction crossing the
second direction Y at an acute angle, but there may be a case
in which the third direction D3 is parallel to the second
direction Y. For example, from the standpoint of alignment
control of liquid crystal molecules LM, it is very effective to
set the angle 61 at about 0° to 25°, preferably about 10°. In this
example, each of'the first alignment treatment direction RB1
and second alignment treatment direction RB2 is a direction
which is slightly inclined to the second direction’Y by several
degrees.

Atatime of no electric field (at OFF time) when no electric
field is produced between the pixel electrode PE and counter-
electrode CE, the liquid crystal molecule LM of the liquid
crystal layer LQ is aligned such that the major axis thereofis
positioned in the first alignment treatment direction RB1 of
first alignment film AL1 and the second alignment treatment
direction RB2 of second alignment film AL2 in the X-Y
plane. This OFF time corresponds to the initial alignment
state, and the alignment direction of the liquid crystal mol-
ecule LM at the OFF time corresponds to the initial alignment
direction. Strictly speaking, the liquid crystal molecule LM is
not aligned in parallel to the X-Y plane, and is pre-tilted.
Thus, the initial alignment direction of the liquid crystal
molecule LM corresponds to a direction in which the major
axis of the liquid crystal molecule LM at the OFF time is
orthogonally projected onto the X-Y plane.

In this case, each of the first alignment treatment direction
RB1 and the second alignment treatment direction RB2 is
parallel to the third direction D3. Specifically, at the OFF
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time, the liquid crystal molecule LM is initially aligned such
that the major axis thereof is substantially parallel to the third
direction D3 in the X-Y plane. The initial alignment direction
of the liquid crystal molecule LM is parallel to the third
direction D3.

In particular, when the first alignment treatment direction
RB1 and the second alignment treatment direction RB2 are
parallel and opposite to each other, theliquid crystal molecule
LM s aligned such that the major axis thereofis parallel to the
third direction D3, as indicated by a broken line in FIG. 5. In
addition, at this time, the liquid crystal molecules LM are
aligned with substantially equal pre-tilt angles in the vicinity
of the first alignment film AL1, in the vicinity of the second
alignment film AL2, and in the middle part of the liquid
crystal layer LQ (homogeneous alignment).

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 enters the liquid
crystal display panel LPN, varies depending on the alignment
state of liquid crystal molecules LM at a time when the light
passes through the liquid crystal layer LQ. However, at the
OFF time, the polarization state at the time of incidence is
kept until the light has passed through the liquid crystal layer
LQ. Thus, at the OFF time, the light, which has passed
through the liquid crystal layer LQ, is absorbed by the second
polarizer PL2 (black display).

On the other hand, in the state (ON time) in which an
electric field is produced between the pixel electrode PE and
counter-electrode CE, as shown in FIG. 6, a lateral electric
field, which is substantially parallel to the substrates, is pro-
duced between the first main electrode PA and second main
electrode CAl and between the first main electrode PA and
second main electrode CA2. Thereby, the liquid crystal mol-
ecule LM rotates within a plane which is parallel to the
substrate major surface, so that the major axis of the liquid
crystal molecule LM may become substantially parallel to the
direction of the electric field.

In the example shown in FIG. 5, the liquid crystal molecule
LM between the first main electrode PA and the second main
electrode CA1 rotates along the lateral electric field between
the first main electrode PA and the second main electrode
CAl, and is so aligned as to be directed leftward in the Figure
with respect to the second direction Y. The liquid crystal
molecule LM between the first main electrode PA and the
second main electrode CA2 rotates along the lateral electric
field between the first main electrode PA and the second main
electrode CA2, and is so aligned as to be directed rightward in
the Figure with respect to the second direction Y.

As has been described above, in the state in which the
lateral electric field is produced between the pixel electrode
PE and counter-electrode CE in each pixel PX, the liquid
crystal molecules LM are aligned in two alignment direc-
tions, and domains are formed in the respective alignment
directions. Specifically, two domains are formed in each pixel
PX.

The polarization state of part of backlight, which is inci-
dent on the liquid crystal display panel LPN, varies when the
part of backlight has passed through the region between the
first main electrode PA and second main electrode CA1 and
the region between the first main electrode PA and second
main electrode CA2. At such ON time, at least part of the
light, which has passed through the liquid crystal layer LQ,
passes through the second polarizer PL2 (white display).
Specifically, the region between the first main electrode PA
and second main electrode CA1 and the region between the
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first main electrode PA and second main electrode CA2 serve
as transissive regions (or aperture portions) which contrib-
ute to display.

According to the present embodiment, since a plurality of
domains can be formed in one pixel, viewing angles in plural
directions can optically be compensated, and a wider viewing
angle can be realized, and the occurrence of gray level inver-
sion can be suppressed. Therefore, a liquid crystal display
device which has a good display quality can be provided.

If 61 is 45° or more, it becomes difficult for the liquid
crystal molecules LM to uniformly rotate in the above-de-
scribed directions in the respective transmissive regions when
the electric field is produced between the pixel electrode PE
and the counter-electrode CE, and disturbance of alignment
tends to easily occur. On the other hand, when 61 is an acute
angle of less than 45°, the liquid crystal molecules LM uni-
formly rotate in the above-described directions in the respec-
tive transmissive regions, even if the intensity of the electric
field between the pixel electrode PE and counter-electrode
CE is relatively low, and a plurality of domains can stably be
formed.

When misalignment occurs between the array substrate AR
and the counter-substrate CT, there are cases in which a
difference occurs between the inter-electrode distance
between the first main electrode PA and second main elec-
trode CAl, on one hand, and the inter-electrode distance
between the first main electrode PA and second main elec-
trode CA2, on the other hand. However, since such misalign-
ment commonly occurs in all pixels PX, the electric field
distribution does not differ between the pixels PX, and the
display of images is not affected.

In addition, even if a large difference occurs in one pixel
between the inter-electrode distance between the first main
electrode PA and second main electrode CA1l, on one hand,
and the inter-electrode distance between the first main elec-
trode PA and second main electrode CA2, on the other hand,
the rotational direction of liquid crystal molecules LM is
identical in the respective transmissive regions, and it is easy
to make uniform the alignment of liquid crystal molecules
LM in the respective regions. Therefore, it is possible to
suppress a decrease in transmittance of the liquid crystal
display panel LPN due to, e.g. abnormality in alignment.

In other words, even if misalignment occurs between the
array substrate AR and counter-substrate CT, it is possible to
keep V-T characteristics substantially constant, which indi-
cate the relation of the transmittance (T) of the liquid crystal
display panel LPN to the application voltage (V) between the
pixel electrode PE and counter-electrode CE. Thereby, a vari-
ance among liquid crystal display panels can be reduced, and
the load necessary for adjusting V-T characteristics can also
be reduced.

At the ON time, since a lateral electric field is hardly
produced in the vicinity of the first main electrode PA of the
pixel electrode PE, or in the vicinity of the second main
electrode CAl and second main electrode CA2 of counter-
electrode CE (or an electric field enough to drive liquid crys-
tal molecules LM is not produced), the liquid crystal mol-
ecules LM hardly move from the third direction D3, as in the
case of OFF time. Hence, although the pixel electrode PE and
counter-electrode CE are formed of the light-transmissive,
electrically conductive material, backlight hardly passes
through these regions and hardly contribute to display at the
ON time. This being the case, the pixel electrode PE and
counter-electrode CE do not always need to be formed of a
transparent electrically conductive material, and these may be
formed of an electrically conductive material such as alumi-
num or silver.
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FIG. 7 is a schematic cross-sectional view of the liquid
crystal display panel LPN, for explaining a pre-tilt angle o of
the liquid crystal molecule LM included in the liquid crystal
layer LQ. FIG. 7 corresponds to a cross section of the liquid
crystal display panel LPN along the third direction D3, and
shows only the structure that is necessary for the description.

The first alignment film AT1, which is disposed on the
surface of the array substrate AR, is subjected to alignment
treatment along the first alignment treatment direction RB1
which is parallel to the third direction D3. The second align-
ment film AL2, which is disposed on the surface of the
counter-substrate CT, is subjected to alignment treatment
along the second alignment treatment direction RB2 which is
parallel to the third direction D3. The liquid crystal molecule
LM has a rod shape extending in one direction.

At the OFF time, the liquid crystal molecules LM of the
liquid crystal layer LQ are uniformly aligned. In the present
embodiment, the pre-tilt angle « of the liquid crystal mol-
ecule LM is defined as an angle formed between a plane (or
X-Y plane), which is parallel to the major surface of the array
substrate AR, and the major axis of the liquid crystal molecule
LM which is positioned near the first alignment film AL1. Of
the liquid crystal molecule LM, a top end portion which is
raised toward the counter-substrate CT is referred to as
“LMT”, and a bottom end portion which is fallen toward the
array substrate AR is referred to as “LMB”.

FIG. 8 is a schematic cross-sectional view of the liquid
crystal display panel LPN, for explaining alignment states of
liquid crystal molecules LM included in the liquid crystal
layer LQ. FIG. 8 corresponds to a cross section of the liquid
crystal display panel LPN along the first direction X, and
shows only the structure that is necessary for the description.
In addition, the example illustrated corresponds to the case in
which the inter-electrode distance between the first main
electrode PA and the second main electrode CA1 in the first
direction X is equal to the inter-electrode distance between
the first main electrode PA and the second main electrode
CA2 in the first direction X.

In the present embodiment, when the inter-electrode dis-
tance between the first main electrode PA and the second
main electrode CA1 (or second main electrode CA2) in the
first direction X is L, and the cell gap between the array
substrate AR and counter-substrate CT, which hold the liquid
crystal layer LQ, is GP, an angle ©, which is expressed by the
relationship of tan ©=GP/L, is greater than the pre-tilt angle
.. The inter-electrode distance L, in this case, is a distance in
the first direction X from an edge portion of the first main
electrode PA to an edge portion of the second main electrode
CAL1 (or second main electrode CA2) at a time when the
liquid crystal display panel LPN is viewed from the counter-
substrate CT side. In addition, the cell gap GP, in this case, is
a mean value calculated from the retardation of the liquid
crystal layer LQ, and is not a value which is actually measured
at a specific position.

At the ON time, an oblique electric field is produced with
the angle ©, which is greater than the pre-tilt angle o, between
the first main electrode PA and second main electrode CAl,
and between the first main electrode PA and second main
electrode CA2. In the region between the first main electrode
PA and second main electrode CA1 and the region between
the first main electrode PA and second main electrode CA2,
the liquid crystal molecules LM are aligned and controlled by
such an oblique electric field.

Specifically, in the region between the first main electrode
PA and second main electrode CAl, the liquid crystal mol-
ecule LM rotates by the electric field which is produced
between the first main electrode PA and second main elec-
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trode CA1, and the liquid crystal molecule LM is aligned such
that the top end portion LMT at the OFF time is directed to the
array substrate AR side and the bottom end portion LMB is
directed to the counter-substrate CT side. In addition, in the
region between the first main electrode PA and second main
electrode CA2, the liquid crystal molecule LM rotates by the
electric field which is produced between the first main elec-
trode PA and second main electrode CA2, and the liquid
crystal molecule LM is aligned such that the top end portion
LMT at the OFF time is directed to the counter-substrate CT
side and the bottom end portion LMB is directed to the array
substrate AR side. At this time, as shown in FIG. 8, the liquid
crystal molecules LM, which are aligned at the angle ©,
which is greater than the pre-tilt angle c, are included in the
region between the first main electrode PA and second main
electrode CA1 and the region between the first main electrode
PA and second main electrode CA2.

According to the present embodiment, since the angle ©,
which is expressed by the relationship of tan ®=GP/L, is
greater than the pre-tilt angle c. of the liquid crystal molecule
LM, the force which raises the liquid crystal molecule LM is
large, and thus the liquid crystal molecule can smoothly be
rotated in the region between the first main electrode PA and
second main electrode CA2 and also the liquid crystal mol-
ecule can smoothly be rotated in the region between the first
main electrode PA and second main electrode CA1.

As a result, the rotational directions of liquid crystal mol-
ecules LM can be made uniform in the region between the
first main electrode PA and second main electrode CA2 and
the region between the first main electrode PA and second
main electrode CAL, Therefore, at the OFF time and ON time,
the alignment of liquid crystal molecules LM can be stabi-
lized, and the decrease in transmittance of the liquid crystal
display panel due to abnormality in alignment can be sup-
pressed.

The pre-tilt angle a is set by, for example, the alignment
restriction force of the material of which the first alignment
film AL1 and second alignment film AL2 are formed, the
condition for alignment treatment, and the dielectric constant
anisotropy of liquid crystal molecules LM. In this embodi-
ment, the pre-tilt angle c. is set at an angle which is 1° or more
and 10° or less.

The angle 0, as described above, is set by the cell gap GP
and the inter-electrode distance L. In this embodiment, the
angle ® is setat an angle which is greater than 0° and less than
45°,

Next, another structure example of the present embodi-
ment is described. A description of the same structure (e.g.
gate lines, storage capacitance lines, and source lines) as the
above-described structure example is omitted.

FIG. 9 is a plan view which schematically shows a mini-
mum unit structure in one pixel PX of another structure
example of the embodiment.

The pixel electrode PE includes a first main electrode PA
and a second main electrode PB. The first main electrode PA
and second main electrode PB extend in directions which are
different from the first direction X in which gate lines (not
shown) extend and the second direction Y in which source
lines (not shown) extend. To be more specific, the first main
electrode PA has a strip shape extending along a third direc-
tion D3 which crosses the second directionY atan acute angle
clockwise from the second direction Y. The second main
electrode PB has a strip shape extending along a fourth direc-
tion D4 which crosses the second directionY atan acuteangle
counterclockwise from the second direction Y. The first main
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electrode PA and second main electrode PB are connected at
their end portions. Accordingly, the pixel electrode PE has a
substantially V shape.

The counter-electrode CE includes a third main electrode
CA and a fourth main electrode CB, which extend in direc-
tions which are different from the first direction X and the
second direction Y. The third main electrode CA has a strip
shape extending along the third direction D3, and is parallel to
the first main electrode PA. The fourth main electrode CB has
a strip shape extending along the fourth direction D4, and is
parallel to the second main electrode PB. The third main
electrode CA and fourth main electrode CB are connected at
their end portions. Accordingly, the counter-electrode CE,
like the pixel electrode PE, has a substantially V shape.

In the illustrated example, two third main electrodes CA
are arranged along the first direction X. In the description
below, in order to distinguish the two third main electrodes
CA, the third main electrode shown on the left side is denoted
by CAl, and the third main electrode shown on the right side
is denoted by CA2. Similarly, two fourth main electrodes CB
are arranged along the first direction X. In the description
below, in order to distinguish the two fourth main electrodes
CB, the fourth main electrode shown on the left side is
denoted by CB1, and the fourth main electrode shown on the
right side is denoted by CB2. The third main electrode CAl
and fourth main electrode CB1 are connected, and the third
main electrode CA2 and fourth main electrode CB2 are con-
nected. The third main electrode CA1 and third main elec-
trode CA2, and the fourth main electrode CB1 and fourth
main electrode CB2, are all electrically connected. In short,
the counter-electrode CE is formed in a comb shape.

One first main electrode PA is positioned between the
neighboring third main electrode CA1 and third main elec-
trode CA2. Specifically, the third main electrode CA1 and
third main electrode CA2 are disposed on both sides of a
position immediately above the first main electrode PA.
Accordingly, the third main electrode CA1, first main elec-
trode PA and third main electrode CA2 are alternately
arranged along the first direction X. The first main electrode
PA, third main electrode CA1 and third main electrode CA2
are arranged in parallel to each other. The inter-electrode
distance between the third main electrode CA1 and the first
main electrode PA in the first direction X is substantially
equal to the inter-electrode distance between the third main
electrode CA2 and the first main electrode PA in the first
direction X.

One second main electrode PB is positioned between the
neighboring fourth main electrode CB1 and fourth main elec-
trode CB2. Specifically, the fourth main electrode CB1 and
fourth main electrode CB2 are disposed on both sides of a
position immediately above the second main electrode PB.
Accordingly, the fourth main electrode CB1, second main
electrode PB and fourth main electrode CB2 are alternately
arranged along the first direction X. The second main elec-
trode PB, fourth main electrode CB1 and fourth main elec-
trode CB2 are arranged in parallel to each other. The inter-
electrode distance between the fourth main electrode CB1
and the second main electrode PB in the first direction X is
substantially equal to the inter-electrode distance between the
fourth main electrode CB2 and the second main electrode PB
in the first direction X.

It is desirable that an angle 01 formed between the second
direction Y and the third direction D3, and an angle 62 formed
between the second direction Y and the fourth direction D4,
be greater than 0° and less than 45°. The formed angle 61 and
the formed angle 02 may be equal. In this case, when the
length of the first main electrode PA and the length of the
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second main electrode PB are equal, the pixel electrode PE
has a line-symmetric shape with respect to a boundary line
along the first direction X between the first main electrode PA
and second main electrode PB. In addition, in this case, when
the length of the third main electrode CA1 and the length of
the fourth main electrode CB1 are equal and the length of the
third main electrode CA2 and the length of the fourth main
electrode CB2 are equal, the counter-electrode CE has a line-
symmetric shape with respect to a boundary line along the
first direction X between the third main electrode CA and
fourth main electrode CB.

The first alignment treatment direction RB1 of the first
alignment film AL1, which covers the pixel electrode PE, and
the second alignment treatment direction RB2 of the second
alignment film AL2, which covers the counter-electrode CE,
are parallel to each other, and are parallel to, for example, the
second direction Y. In an example shown in part (a) of FIG. 9,
the first alignment treatment direction RB1 and the second
alignment treatment direction RB2 are parallel and opposite
to each other. In an example shown in part (b) of FIG. 9, the
firstalignment treatment direction RB1 and second alignment
treatment direction RB2 are parallel and identical.

In the other structural aspects, this structure example is the
same as the above-described structure example, so a descrip-
tion thereof is omitted here.

In this structure example, at the OFF time, theliquid crystal
molecules LM of the liquid crystal layer L.Q are aligned in a
direction parallel to the first alignment treatment direction
RB1 and second alignment treatment direction RB2. In this
case, as indicated by broken lines, the liquid crystal molecules
LM are aligned such that the major axes thereof are parallel to
the second direction Y. At this time, black display is effected,
like the above-described structure example.

On the other hand, at the ON time, a lateral electric field,
which is substantially parallel to the substrates, is produced
between the first main electrode PA and third main electrode
CA1 and between the first main electrode PA and third main
electrode CA2. Similarly, a lateral electric field, which is
substantially parallel to the substrates, is produced between
the second main electrode PB and fourth main electrode CB1
and between the second main electrode PB and fourth main
electrode CB2. Thereby, the liquid crystal molecule LM
rotates within a plane which is parallel to the substrate major
surface, so that the major axis of the liquid crystal molecule
LM may become substantially parallel to the direction of the
electric field.

In the example shown in FIG. 9, the liquid crystal molecule
LM between the first main electrode PA and the third main
electrode CA1 rotates counterclockwise along the lateral
electric field between the first main electrode PA and the third
main electrode CA1, and is so aligned as to be directed to the
upper left side in the Figure. The liquid crystal molecule LM
between the first main electrode PA and the third main elec-
trode CA2 rotates counterclockwise along the lateral electric
field between the first main electrode PA and the third main
electrode CA2, and is so aligned as to be directed to the lower
right side in the Figure.

In addition, the liquid crystal molecule LM between the
second main electrode PB and the fourth main electrode CB1
rotates clockwise along the lateral electric field between the
second main electrode PB and the fourth main electrode CB1,
and is so aligned as to be directed to the lower left side in the
Figure. The liquid crystal molecule LM between the second
main electrode PB and the fourth main electrode CB2 rotates
clockwise along the lateral electric field between the second
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main electrode PB and the fourth main electrode CB2, and is
so aligned as to be directed to the upper right side in the
Figure.

As has been described above, in the state in which the
lateral electric field is produced between the pixel electrode
PE and counter-electrode CE in each pixel PX, the liquid
crystal molecules LM are aligned in four alignment direc-
tions, and domains are formed in the respective alignment
directions. Specifically, four domains are formed in each
pixel PX.

At this time, the polarization state of part of backlight,
which is incident on the liquid crystal display panel LPN,
varies when the part of backlight has passed through the
region between the first main electrode PA and third main
electrode CA1, the region between the first main electrode PA
and third main electrode CA2, the region between the second
main electrode PB and fourth main electrode CB1, and the
region between the second main electrode PB and fourth main
electrode CB2. The light emerging from the liquid crystal
layer LQ passes through the second polarizer PL2, thus
effecting white display.

According to this structure example of the embodiment,
the same advantageous effects as with the above-described
structure example can be obtained. Moreover, since four
domains can be formed in one pixel, viewing angles in four
directions can optically be compensated, and a wider viewing
angle can be realized, and the occurrence of gray level inver-
sion can be suppressed. Therefore, a liquid crystal display
device which has a good display quality can be provided.

FIG. 10 is a schematic cross-sectional view of the liquid
crystal display panel LPN, for explaining alignment states of
liquid crystal molecules LM included in the liquid crystal
layer LQ. A cross-sectional view shown in part (a) of FIG. 10
corresponds to a cross section of the liquid crystal display
panel LPN, taken along line B-B' along the first direction X in
FIG. 9. A cross-sectional view shown in part (b) of FIG. 10
corresponds to a cross section of the liquid crystal display
panel LPN, taken along line C-C' along the first direction X in
FIG. 9. These cross-sectional views show only the structure
that is necessary for the description.

In addition, the example illustrated corresponds to the case
in which the inter-electrode distance between the first main
electrode PA and third main electrode CA1 in the first direc-
tion X, the inter-electrode distance between the first main
electrode PA and third main electrode CA2 in the first direc-
tion X, the inter-electrode distance between the second main
electrode PB and fourth main electrode CB1 in the first direc-
tion X, and the inter-electrode distance between the second
main electrode PB and fourth main electrode CB2 in the first
direction X, are all equal.

Also in this structure example, when the inter-electrode
distance between the first main electrode PA and the third
main electrode CA1 (or third main electrode CA2) in the first
direction X is L, and the cell gap between the array substrate
AR and counter-substrate CT, which hold the liquid crystal
layer LQ, is GP, an angle ®, which is expressed by the rela-
tionship oftan ®=GP/L, is greater than a pre-tilt angle o of the
liquid crystal molecule LM. Besides, when the inter-elec-
trode distance between the second main electrode PB and the
fourth main electrode CB1 (or fourth main electrode CB2) in
the first direction X is L, and the cell gap between the array
substrate AR and counter-substrate CT, which hold the liquid
crystal layer LQ, is GP, an angle ©, which is expressed by the
relationship of tan ®=GP/L, is greater than a pre-tilt angle @
of the liquid crystal molecule LM.

At the ON time, an oblique electric field is produced with
the angle ©, which is greater than the pre-tilt angle o, between
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the first main electrode PA and third main electrode CA1,
between the first main electrode PA and third main electrode
CA2, between the second main electrode PB and fourth main
electrode CB1, and between the second main electrode PB
and fourth main electrode CB2. The liquid crystal molecules
LM are aligned and controlled by such an oblique electric
field in the transmissive regions between the first main elec-
trode PA and third main electrode CA1, between the first main
electrode PA and third main electrode CA2, between the
second main electrode PB and fourth main electrode CB1,
and between the second main electrode PB and fourth main
electrode CB2.

Specifically, in the transmissive region between the first
main electrode PA and third main electrode CA1, the liquid
crystal molecule LM rotates by the electric field which is
produced between the first main electrode PA and third main
electrode CA1, and the liquid crystal molecule LM is aligned
such that the top end portion LMT at the OFF time is directed
to the counter-substrate CT side and the bottom end portion
LMB is directed to the array substrate AR side. In the trans-
missive region between the first main electrode PA and third
main electrode CA2, the liquid crystal molecule LM rotates
by the electric field which is produced between the first main
electrode PA and third main electrode CA2, and the liquid
crystal molecule LM is aligned such that the top end portion
LMT at the OFF time is directed to the array substrate AR side
and the bottom end portion LMB is directed to the counter-
substrate CT side.

In addition, in the transmissive region between the second
main electrode PB and fourth main electrode CB1, the liquid
crystal molecule LM rotates by the electric field which is
produced between the second main electrode PB and fourth
main electrode CB1, and the liquid crystal molecule LM is
aligned such that the top end portion LM T at the OFF time is
directed to the array substrate AR side and the bottom end
portion LMB is directed to the counter-substrate CT side. In
the transmissive region between the second main electrode
PB and fourth main electrode CB2, the liquid crystal mol-
ecule LM rotates by the electric field which is produced
between the second main electrode PB and fourth main elec-
trode CB2, and the liquid crystal molecule LM is aligned such
that the top end portion LMT at the OFF time is directed to the
counter-substrate CT side and the bottom end portion LMB is
directed to the array substrate AR side.

In this structure example, too, the same advantageous
effects as in the above-described structure example can be
obtained.

In the present embodiment, when the first alignment treat-
ment direction RB1 and the second alignment treatment
direction RB2 are parallel and opposite to each other, the
liquid crystal molecules LM are homogeneously aligned at
the OFF time. When the first alignment treatment direction
RB1 and the second alignment treatment direction RB2 are
parallel to the third direction D3 and are identical, the liquid
crystal molecules LM are aligned at the OFF time such that
their major axes are parallel to the third direction D3. In
addition, at this time, the liquid crystal molecules LM are
aligned, as illustrated in FIG. 11, with such a pre-tilt angle o
that the liquid crystal molecules LM are substantially hori-
zontally aligned in the middle part of the liquid crystal layer
LQ and the liquid crystal molecules LM become symmetric
in the vicinity of the first alignment film AL1 and in the
vicinity of the second alignment film AL2, with respect to the
middle part as the boundary (splay alignment). In the present
embodiment, as has been defined with reference to F1G. 7, the
pre-tilt angle c is an angle formed between the major axis of
the liquid crystal molecule LM, which is positioned near the

10

15

20

25

30

35

40

45

50

55

60

65

18

first alignment film AL1, and the plane, which is parallel to
the major surface of the array substrate AR, and the alignment
of liquid crystal molecules in the middle part of the liquid
crystal layer LQ is ignored.

Next, Example 1 and Example 2 are described.

Example 1

An array substrate AR including a pixel electrode PE hav-
ing a shape as shown in FIG. 3 was prepared. As regards the
array substrate AR, a first alignment film AL1, which covers
the pixel electrode PE and exhibits horizontal alignment
properties, was formed and subjected to alignment treatment
along the first alignment treatment direction RB1 that is par-
allel to the third direction D3.

On the other hand, a counter-substrate CT including a
counter-electrode CE having a shape as shown in FIG. 4 was
prepared. As regards the counter-substrate CT, a second
alignment film AL2, which covers the counter-electrode CE
and exhibits horizontal alignment properties, was formed and
subjected to alignment treatment along the second alignment
treatment direction RB2 that is parallel to the third direction
D3 and is opposite to the first alignment treatment direction
RB1 (homogeneous alignment treatment).

A cell gap GP of 5.0 pm was created between the array
substrate AR and the counter-substrate CT, and the array
substrate AR and the counter-substrate CT were attached. At
this time, the inter-electrode distance L between each main
electrode of the pixel electrode PE and each main electrode of
the counter-electrode CE was set at 10 um. A positive-type
liquid crystal material (manufactured by Merck & Co., Ltd.)
was injected between the array substrate AR and the counter-
substrate CT, and a liquid crystal display panel was fabri-
cated.

In this case, the angle ©, which is expressed by the rela-
tionship of tan ®=GP/L, is 27°. The pre-tilt angle o of the
liquid crystal molecule LM in the vicinity of the first align-
ment film AL1 was set at 5°,

According to Example 1, it was confirmed that a uniform
display quality, which does not depend on the degree of
misalignment in assembly, can be obtained. In addition, lig-
uid crystal panels LPN, in which the pre-tilt angle o was set
at 1°, 3°, 7° and 10°, respectively, were fabricated, and the
display quality thereof was confirmed. It was confirmed that
in each of these liquid crystal display panels [L.PN, a uniform
display quality, which does not depend on the degree of
misalignment in assembly, can be obtained.

Example 2

A liquid crystal display panel LPN was fabricated under
the same conditions as in Example 1, except that the second
alignment treatment direction RB2 of the second alignment
film AL2 was set to be identical to the first alignment treat-
ment direction RB1. In this case, the angle ©, which is
expressed by the relationship of tan ®=GP/L, is 27°. The
pre-tilt angle o of the liquid crystal molecule LM in the
vicinity of the first alignment film AL1 was set at 5°.

According to Example 2, it was confirmed that a uniform
display quality, which does not depend on the degree of
misalignment in assembly, can be obtained. In addition, lig-
uid crystal panels LPN, in which the pre-tilt angle o was set
at 1°, 3°, 7° and 10°, respectively, were fabricated, and the
display quality thereof was confirmed. It was confirmed that
in each of these liquid crystal display panels LPN, a uniform
display quality, which does not depend on the degree of
misalignment in assembly, can be obtained.
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As has been described above, according to the present
embodiment, a liquid crystal display device which has a good
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:

a first substrate comprising a gate line, a first storage
capacitance line, and a second storage capacitance line
which extend in a first direction, a first source line and a
second source line which extend in a second direction
perpendicular to the first direction, a T-shaped pixel
electrode comprising a strip-shaped first main electrode,
which s positioned midway between the first source line
and the second source line and extends in the second
direction, and a strip-shaped sub-electrode, which is
continuous with the first main electrode, is positioned
above the first storage capacitance line and extends in
the first direction, and a first alignment film formed of a
material which exhibits horizontal alignment properties,
the first alignment film covering the pixel electrode;

a second substrate comprising a counter-electrode which
comprises a strip-shaped second main electrode posi-
tioned above the first source line and the second source
line and extending in the second direction, and a second
alignment film formed of a material which exhibits hori-
zontal alignment properties, the second alignment film
covering the counter-electrode; and

a liquid crystal layer comprising a liquid crystal molecule
held in a cell gap between the first substrate and the
second substrate,

wherein when an inter-electrode distance in the first direc-
tion between the first main electrode and the second
main electrode is L and the cell gap is GP, aformed angle
0, which is expressed by a relationship of tan ®=GP/L,
is greater than a pre-tilt angle o of the liquid crystal
molecule,

afirst distance between the gate line and the second storage
capacitance line in the second direction is smaller than a
second distance between the gate line and the first stor-
age capacitance line in the second direction,

the first main electrode crosses the gate line, and extends
toward the second storage capacitance line beyond the
gate line, and

alength of'the sub-electrode along the first direction is the
same as or less than a length of the first storage capaci-
tance line which is between the first source line and the
second source line along the first direction, a width of the
sub-electrode along the second direction is greater than
a width of the first storage capacitance line, and the
sub-electrode is disposed to cover the first storage
capacitance line between the first source line and the
second source line.

2. The liquid crystal display device of claim 1, wherein the
liquid crystal molecule is initially aligned along a third direc-
tion at an OFF time when no electric field is produced
between the pixel electrode and the counter-electrode, and
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an angle 61 formed between the second direction and the
third direction is 0° or more and is less than 45°.

3. The liquid crystal display device of claim 2, further
comprising a first polarizer which is disposed on an outer
surface of the first substrate and has a first polarization axis,
and a second polarizer which is disposed on an outer surface
of the second substrate and has a second polarization axis, the
second polarization axis and the first polarization axis are
substantially perpendicular,

wherein the first polarization axis or the second polariza-
tion axis is set to be parallel to the third direction.

4. The liquid crystal display device of claim 3, wherein a
first alignment treatment direction of the first alignment film
and a second alignment treatment direction of the second
alignment film are parallel to the third direction and are oppo-
site to each other.

5. The liquid crystal display device of claim 3, wherein a
first alignment treatment direction of the first alignment film
and a second alignment treatment direction of the second
alignment film are parallel to the third direction and are iden-
tical.

6. The liquid crystal display device of claim 1, wherein the
pre-tilt angle o is 1° or more and 10° or less.

7. The liquid crystal display device of claim 1, wherein the
formed angle © is greater than 0° and less than 45°.

8. A liquid crystal display device comprising:

a first substrate comprising a gate line extending in a first
direction, a first source line and a second source line
which extend in a second direction perpendicular to the
first direction, a pixel electrode comprising a strip-
shaped first main electrode, which is positioned midway
between the first source line and the second source line
and extends in the second direction, and a sub-electrode
extending from the first main electrode toward the first
source line and the second source line, and a first align-
ment film formed of'a material which exhibits horizontal
alignment properties, the first alignment film covering
the pixel electrode;

a second substrate comprising a counter-electrode which
comprises a strip-shaped second main electrode posi-
tioned above the first source line and the second source
line and extending in the second direction, and a second
alignment film formed of a material which exhibits hori-
zontal alignment properties, the second alignment film
covering the counter-electrode; and

a liquid crystal layer comprising a liquid crystal molecule
held in a cell gap between the first substrate and the
second substrate,

wherein when an inter-electrode distance in the first direc-
tion between the first main electrode and the second
main electrode is L and the cell gap is GP, a formed angle
0, which is expressed by a relationship of tan ®@=GP/L,
is greater than a pre-tilt angle o of the liquid crystal
molecule,

wherein the first substrate further comprises a first storage
capacitance line and a second storage capacitance line
which extend in the first direction,

the first storage capacitance line is positioned below the
sub-electrode,

a first distance between the gate line and the second storage
capacitance line in the second direction is smaller than a
second distance between the gate line and the first stor-
age capacitance line in the second direction,

the first main electrode crosses the gate line, and extends
toward the second storage capacitance line beyond the
gate line, and
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alength of the sub-electrode along the first direction is the
same as or less than a length of the first storage capaci-
tance line which is between the first source line and the
second source line along the first direction, a width of the
sub-electrode along the second direction is greater than
a width of the first storage capacitance line, and the
sub-electrode is disposed to cover the first storage
capacitance line between the first source line and the
second source line.

9. The liquid crystal display device of claim 8, wherein the
liquid crystal molecule is initially aligned along a third direc-
tion at an OFF time when no electric field is produced
between the pixel electrode and the counter-electrode, and

an angle 01 formed between the second direction and the

third direction is 0° or more and is less than 45°.

10. The liquid crystal display device of claim 9, further
comprising a first polarizer which is disposed on an outer
surface of the first substrate and has a first polarization axis,
and a second polarizer which is disposed on an outer surface
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of the second substrate and has a second polarization axis, the
second polarization axis and the first polarization axis are
substantially perpendicular,

wherein the first polarization axis or the second polariza-

tion axis is set to be parallel to the third direction.

11. The liquid crystal display device of claim 10, wherein
a first alignment treatment direction of the first alignment film
and a second alignment treatment direction of the second
alignment film are parallel to the third direction and are oppo-
site to each other.

12. The liquid crystal display device of claim 10, wherein
a first alignment treatment direction of the first alignment film
and a second alignment treatment direction of the second
alignment film are parallel to the third direction and are iden-
tical.

13. The liquid crystal display device of claim 8, wherein
the pre-tilt angle a is 1° or more and 10° or less.

14. The liquid crystal display device of claim 8, wherein
the formed angle © is greater than 0° and less than 45°.
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