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Description

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001] The present invention relates to a liquid crystal
display and, more particularly, to a liquid crystal display
in which a predetermined opening pattern is formed at
pixel and common electrodes such that a wide viewing
angle is obtained.

(b) Description of the Related Art

[0002] Generally, liquid crystal displays have a struc-
ture in which liquid crystal material is sandwiched be-
tween two substrates, and an electric field is applied to
the liquid crystal material to control the alignment of mol-
ecules of the liquid crystal material, ultimately controlling
the transmittance of incident light In VA liquid crystal dis-
plays, the liquid crystal molecules are aligned normal to
the substrates when an electric field is not applied. In
case two polarizer films are arranged with their lines (a
plurality of which is formed in parallel on each polarizer
film) perpendicular to each other, the linearly polarized
light passed through the first polarizer film is completely
blocked by the second polarizer film in the absence of
an electric field. As such a liquid crystal display exhibits
a very low brightness in an "off" state of the normally
black mode, a relatively higher contrast ratio than that of
the conventional TN liquid crystal display can be ob-
tained.

[0003] However, the liquid crystal molecules are irreg-
ularly inclined with respect to the substrate in the pres-
ence of an electric field such that one or more areas de-
velop where the direction of the long axis of some of the
liquid crystal molecules conforms to the polarizing direc-
tion of the first or second polarizer film. In such areas,
the liquid crystal molecules cannot induce the rotation of
the polarizing direction, i.e., polarization, and the light is
completely blocked by the polarizer film. Such areas ap-
pear as black portions on the screen which cause a re-
duction in picture quality. These areas are referred to as
areas of "texture".

[0004] In order to solve the above problem, several
electrode-patterning techniques have been suggested.
EP 0 884 626 A2 discloses a vertically aligned crystal
display having several pattern structures in the pixel and
common electrodes wherein a predetermined opening
pattern is formed at pixel and common electrodes such
that a wide viewing angle is obtained. However, the prob-
lem of a slow response speed remains in the resulting
LCD.

[0005] Fig. 1 illustrates a schematic view of opening
patterns formed at pixel and common electrodes in a prior
artliquid crystal display. As shown in Fig. 1, the pixel and
common electrodes are formed with opening patterns 1
and 2, respectively. Each of the opening patterns 1 and
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2 is formed in a V-shape and is arranged with ends of
the V-shapes in proximity to one another so that roughly
a diamond shape is formed by the opening patterns 1
and 2. Liquid crystal material is injected between the pixel
and common electrodes, and liquid crystal molecules 3
are aligned perpendicular to the electrodes.

[0006] When an electric field is applied to the liquid
crystal material, the liquid crystal molecules 3 come to
be arranged parallel to the electrodes. However, the re-
sponse speed of the liquid crystal molecules 3 with re-
spect to the applied electric field is very slow with the
formation of the opening patterns 1 and 2 at the pixel and
common electrodes. That is, as a result of a fringe field
formed due to the opening patterns 1 and 2, the liquid
crystal molecules 3 are first arranged perpendicular to
the opening patterns 1 and 2 (A state), then aligned to
be parallel thereto (B state) due to the inherent tendency
of long axes of liquid crystal molecules to align them-
selves roughly parallel. Because of these two alignment
steps, a slow response speed results.

[0007] The slow response speed of liquid crystal mol-
ecules causes afterimages when displaying moving pic-
tures on the screen. There is therefore a need toincrease
the response speed of liquid crystal molecules.

SUMMARY OF THE INVENTION

[0008] Itis an object of the presentinvention to provide
a liquid crystal display which has an improved response
speed and a wide viewing angle.

[0009] It is another object of the present invention to
provide a liquid crystal display which produces improved
picture images. These and other objects may be
achieved by a liquid crystal display as defined in claim
1. Further embodiments are defined in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete appreciation of the invention,
and many of the attendant advantages thereof, will be
readily apparent as the same becomes better understood
by reference to the following detailed description when
considered in conjunction with the accompanying draw-
ings in which like reference symbols indicate the same
or the similar components, wherein:

Fig. 1 is a schematic view of opening pattern units
formed at common and pixel electrodes in a prior art
liquid crystal display;

Fig. 2 is a schematic cross sectional view of a liquid
crystal display according to an example useful for
understanding of the present invention;

Fig. 3A is a schematic view of opening pattern units
formed at common and pixel electrodes according
to a first example useful for understanding of the
present invention;

Fig. 3B is a schematic view of opening pattern units
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formed at common and pixel electrodes according
to a second example useful for understanding of the
present invention;

Fig. 4A is a schematic view of an opening pattern of
a pixel electrode according to a third example useful
for understanding of the present invention;

Fig. 4B is a schematic view of an opening pattern of
a common electrode according to the third example;
Fig. 4C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 4A and 4B in an overlapped state;
Fig. 5A is a schematic view of an opening pattern of
a pixel electrode according to a fourth example use-
ful for understanding of the present invention;

Fig. 5B is a schematic view of an opening pattern of
a common electrode according the fourth example;
Fig. 5C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 5A and 5B in an overlapped state;
Fig. 6A is a schematic view of an opening pattern of
a pixel electrode according to a fifth example useful
for understanding of the present invention;

Fig. 6B is a schematic view of an opening pattern of
a common electrode according to the fifth example;
Fig. 6C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 6A and 6B in an overlapped state;
Fig. 7A is a schematic view of an opening pattern of
a pixel electrode according to a sixth example useful
for understanding of the present invention;

Fig. 7B is a schematic view of an opening pattern of
a common electrode according to the sixth example;
Fig. 7C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 7A and 7B in an overlapped state;
Fig. 8A is a schematic view of an opening pattern of
a pixel electrode according to a seventh example
useful for understanding of the present invention;
Fig. 8B is a schematic view of an opening pattern of
a common electrode according to the seventh ex-
ample;

Fig. 8C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 8A and 8B in an overlapped state;
Fig. 9A is a schematic view of an opening pattern of
a pixel electrode according to an eighth example
useful for understanding of the present invention;
Fig. 9B is a schematic view of an opening pattern of
a common electrode according to the eighth exam-
ple;

Fig. 9C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 9A and 9B in an overlapped state;
Fig. 10A is a schematic view of an opening pattern
of a pixel electrode according to a preferred embod-
iment of the present invention;

Fig. 10B is a schematic view of an opening pattern
of a common electrode according to the preferred
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embodiment of the present invention;

Fig. 10C is a schematic view of the opening patterns
of the pixel and common electrodes shown respec-
tively in Figs. 10A and 10B in an overlapped state;
Fig. 11 are schematic views of various types of open-
ing patterns for demonstrating the affect of opening
pattern width and spacing on response speed and
brightness; Fig. 12A is a graphiillustrating light trans-
missivity levels of test cells applying the opening pat-
terns shown in Fig. 11;

Fig. 12B is a graph comparing the light transmissivity
level of a test cell applying a specific opening pattern
shown in Fig. 11 to the light transmissivity levels of
test cells applying the other opening patterns shown
in Fig. 11;

Fig. 13 is a graph illustrating response times as a
function of gray scale of test cells applying the open-
ing patterns shown in Fig. 11;

Fig. 14 is a graph illustrating response times as a
function of gray scale of actual panels applying spe-
cific opening patterns shown in Fig. 11;

Figs. 15Ato 15C are photographs of specific opening
patterns shown in Fig. 11 at white gray scales;
Figs. 16A and 16B are photographs of specific open-
ing patterns shown in Fig. 11 used to illustrate a
change in partitioned regions according to a level of
an applied voltage;

Figs. 17A and 17B are schematic views used to il-
lustrate the change in intensity of a fringe field ac-
cording to variations in opening pattern width;

Figs. 18A to 18D are schematic views illustrating ori-
entation states of liquid crystal molecules at a pe-
ripheral portion of opening patterns;

Figs. 19 and 20 are schematic views of areas where
texture occurs in specific opening patterns shown in
Fig. 11; and Figs. 21A to 21C are schematic views
of opening patterns where texture improvement
techniques have been applied.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] Preferred embodiments of this invention will be
explained with reference to the accompanying drawings.
[0012] Fig. 2 is a schematic cross sectional view of a
liquid crystal display according to an example useful for
understanding of the present invention. As shown in Fig.
2, the liquid crystal display includes lower and upper sub-
strates 10 and 20 arranged substantially in parallel with
a predetermined gap therebetween. Liquid crystal mate-
rial is injected between the lower and upper substrates
10 and 20 to form a liquid crystal layer, the liquid crystal
material being comprised of liquid crystal molecules 30.
A long axis of liquid crystal molecules 30 is oriented nor-
mal to the lower and upper substrates 10 and 20. Both
the lower and upper substrates 10 and 20 are formed
from a transparent material such as glass.

[0013] The lower substrate 10 is overlaid with a pixel
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electrode 12 that is connected to a switching element 11
to receive display signals. The pixel electrode 12 is
formed from a transparent material such as indium tin
oxide (ITO) orindium zinc oxide (1ZO), and has an open-
ing pattern (not shown). The switching element 11 is, for
example, a thin film transistor, and is connected to a gate
line (not shown), which transmits scanning signals, and
a data line (not shown), which transmits picture signals.
The switching element 11 turns the pixel electrode 12 on
and off. A lower polarizer film 14 is adhered to an outer
surface of the lower substrate 10. If the pixel electrode
12 is formed from non-transparent material as in the re-
flection-type liquid crystal display, the lower polarizer film
14 is not needed.

[0014] An inner surface of the upper substrate 20 is
sequentially overlaid with a black matrix 21 for preventing
the leakage of light, a color filter 22, and a common elec-
trode 23. The common electrode 23 is formed of a trans-
parent material such as ITO or 1ZO, and has an opening
pattern (not shown). A polarizer film 24 is adhered to an
outer surface of the upper substrate 20. Alternatively, the
black matrix 21 or the color filter 22 may be formed on
the lower substrate 10.

[0015] The LCD can be structured to operate in a nor-
mally black mode by arranging the lower and upper po-
larizer films 14 and 24 so that lines formed on the lower
polarizer film 14 are perpendicular to lines formed on the
upper polarizer film 24, or can be structured to operate
in a normally white mode by arranging the lower and up-
per polarizer films 14 and 24 with their lines parallel to
each other. In the following description, only the arrange-
ment producing a normally black mode will be described.
Fig. 3A shows a schematic view of opening patterns of
the pixel and common electrodes 12 and 23 according
to a first example useful for understanding of the present
invention. As shown in Fig. 3A, opening patterns 101 and
102 respectively of the pixel and common electrodes 12
and 23 are each formed in a straight line, the opening
pattern 101 being substantially parallel to the opening
pattern 102. With this structure, the liquid crystal mole-
cules 30 are arranged in parallel as a result of a fringe
field generated by the opening patterns 101 and 102.
Furthermore, the movement of the liquid crystal mole-
cules 30 into the parallel arrangement is performed in a
single step, thereby enabling a rapid response speed.
[0016] However, with the use of the above structure,
texture develops over a wide area of the screen. Itis also
possible for white afterimages to be generated on the
screen. The term "white afterimage" refers to a phenom-
enon in which a portion of the screen, where a dark color
has been displayed on a bright background then returned
to the color of the bright background, momentarily be-
comes brighter than the the bright background.

[0017] Fig. 3B shows a schematic view of opening pat-
terns of the pixel and common electrodes 12 and 23 ac-
cording to the second example. As shown in Fig. 3B,
opening patterns 111 and 112 respectively of the pixel
and common electrodes 12 and 23 are each formed in a
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curved shape, with ends of the opening patterns 111 and
112 positioned in close proximity and centers bulging in
opposite directions. However, with this structure, the
movement of the liquid crystal molecules 30 cannot be
completed in a single step, resulting in a slow response
speed. In the following examples and preferred embod-
iment, opening patterns of the pixel and common elec-
trodes 12 and 23 will be described with reference to one
pixel area. In a single pixel area, the pixel electrode 12
is substantially rectangular in shape having first and sec-
ond long sides, respectively corresponding to left and
right sides (in the drawings) of the pixel electrode 12; first
and second short sides, respectively corresponding to
top and bottom sides (in the drawings) of the pixel elec-
trode 12; a first corner formed by ends of the first long
side and the first short side; a second corner formed by
ends of the first short side and the second long side; a
third corner formed by ends of the second long side and
the second short side; and a fourth corner formed by
ends of the first long side and the second short side.
Further, the pixel electrode 12 includes an upper region
and a lower region, the upper region corresponding to
an upper half (in the drawings) of the pixel electrode 12
and defined by the first long side, the second long side
and the first short side, and the lower region correspond-
ing to a lower half (in the drawings) of the pixel electrode
12 and defined by the first long side, the second long
side and the second short side.

[0018] Asthe common electrode 23 is present over the
entire surface of the upper substrate 20, a portion of the
common electrode 23 roughly corresponding to the pixel
electrode 12 in one pixel area will be described. Here,
such portions of the common electrode 23 will be indi-
cated by a dotted line and the identifying markers (i.e.,
upper region and lower region; first long side and second
long side; first short side and second short side; and first,
second, third and fourth corners) used for ease of expla-
nation of the pixel electrode 12 will also apply to these
portions of the common electrode 23 defined by the dot-
ted lines. Fig. 4A shows a schematic view of an opening
pattern of the pixel electrode 12 according to a third ex-
ample useful for understanding of the present invention.
As shown in Fig. 4A, a middle opening 121 is formed
inwardly from the first long side where the upper and
lower regions of the pixel electrode 12 meet. The middle
opening 121 extends a predetermined distance toward
the second long side while being tapered. The first long
side is cut at a predetermined angle on both sides of the
middle opening 121 such that a wide inlet area of the
middle opening 121 is formed. Upper and lower openings
122 and 123 are formed in the upper and lower regions
of the pixel electrode 12, respectively, proceeding from
the second long side at a predetermined angle respec-
tively toward the first and fourth corners of the pixel elec-
trode 12 in a symmetrical manner.

[0019] Fig. 4B shows a schematic view of an opening
pattern of the common electrode 23 according to the third
example. As shown in Fig. 4B, the opening pattern of the
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common electrode 23 includes middle, upper and lower
openings 210, 220 and 230 spaced apart from each at
predetermined distances. The middle opening 210 in-
cludes atrunk 211 positioned where the upper and lower
regions of the common electrode 23 meet and proceed-
ing from the second long side a predetermined distance
toward the first long side. First and second branches 212
and 214 are extended at a predetermined angle from the
trunk 211 toward the first long side, and first and second
sub-branches 213 and 215 extend along the first long
side from the first and second branches 212 and 214,
respectively, toward the first and second short sides, re-
spectively. The upper opening 220, which is formed in
the upper region of the common electrode 23, includes
a first body 221 that is formed extended from the second
long side to the first short side at a predetermined dis-
tance from the second corner and parallel to the first
branch 212. A first upper limb 222 extends from an end
of the first body 221 along the first short side and until
reaching the first long side, and a first lower limb 223
extends from an opposite end of the first body 221 along
the second long side toward the second short side. The
lower opening 230 includes a second body 231, a second
lower limb 232, and a second upper limb 233. The lower
opening 230 is arranged in the lower region and is sym-
metrical to the upper opening 220.

[0020] Fig. 4C shows a schematic view of the opening
patterns of the pixel and common electrodes 12 and 23
shown respectively in Figs. 4A and 4B in an overlapped
state. As shown in Fig. 4C, the opening patterns of the
pixel and common electrodes 12 and 23 divide the pixel
electrode 12 into several regions. The openings 121, 122
and 123 of the pixel electrode 12 and the openings 210,
220 and 230 of the common electrode 23 are alternately
arranged except where the trunk 211 of the middle open-
ing 210 of the common electrode partially overlaps the
middle opening 121 of the pixel electrode 12.

[0021] In this example, the lower and upper polarizer
films 14 and 24 are arranged such that their polarizing
directions are respectively 0° and 90° (or vice versa) with
respect to the first and second short sides of the pixel
electrode 12. With such an arrangement, when the liquid
crystal molecules 30 are rearranged under the applica-
tion of an electric field, they are prevented from orienting
in the polarizing direction of the polarizer films 14 and 24
so that the problem of texture does not occur. Further-
more, as the liquid crystal molecules 30 are fully oriented
in parallel under the influence of the fringe field, the move-
ment of the liquid crystal molecules 30 is completed in
one step, resulting in a rapid response speed.

[0022] In addition, the opening portions of the pixel and
common electrodes 12 and 23 are arranged generally in
two directions normal to each other. Since the opening
portions of the pixel and common electrodes 12 and 23
are alternately arranged, the fringe field is applied in four
directions at one pixel area. Therefore, wide viewing an-
gles can be obtained in all directions.

[0023] Fig. 5A shows a schematic view of an opening
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pattern of the pixel electrode 12 according to a fourth
example useful for understanding of the present inven-
tion. As shown in Fig. 5A, the opening pattern of the pixel
electrode 12 is a V-shaped opening130. The V-shaped
opening 130 has a vertex in proximity to the second long
side and positioned where the upper region meets the
lower region of the pixel electrode 12, and opens toward
the first long side of the pixel electrode 12. That is, an
upper half 131 of the opening 130 extends at a predeter-
mined angle from the vertex of the opening 130 toward
the first long side of the pixel electrode 12 such that the
upper half 131 is positioned wholly in the upper region
of the pixel electrode 12, and a lower half 132 of the
opening 130 extends at a predetermined angle from the
vertex of the opening 130 toward the first long side of the
pixel electrode 12 such that the lower half 132 is posi-
tioned wholly in the lower region of the pixel electrode
12. Further, the second and third corners of the pixel
electrode 12 are cut away to form a curved shape. Fig.
5B shows a schematic view of an opening pattern of the
common electrode 23 according to the fourth example.
As shown in Fig. 5B, the opening pattern of the common
electrode 23 includes aright opening 240 and a left open-
ing 250. The right opening 240 includes a base 241
formed along and extending past the first long side of the
common electrode 23, and which tapers from a middle
portion along the first long side toward the first and sec-
ond short sides. The base 241 of the right opening 240
alsoincludes a projection 242 extending a predetermined
distance from the base 241 toward the second long side
and tapered in the same direction. A portion of the pro-
jection 242 adjacent to the base 241 is formed at a pre-
determined slant. The left opening 250 includes a body
251 formed along the second long side of the common
electrode 23, an upper limb 252 extended at a predeter-
mined angle from one end of the body 251 toward and
continuing past the first corner of the common electrode
23, and a lower limb 253 extended at a predetermined
angle from the other end of the body 251 toward and
continuing past the fourth corner of the common elec-
trode 23. Centers of both the right and left openings 240
and 250 are positioned where the upper and lower re-
gions of the common electrode 23 meet.

[0024] Fig. 5C shows a schematic view of the opening
patterns of the pixel and common electrodes 12 and 23
shown respectively in Figs. 5A and 5B in an overlapped
state. As shown in Fig. 5C, the opening patterns of the
pixel and common electrodes 12 and 23 divide the pixel
electrode 12 into several regions. The V-shaped opening
130 of the pixel electrode 12 is placed between the right
and left openings 240 and 250 of the common electrode
23. The upper and lower parts 131 and 132 of the V-
shaped opening 130 proceed in parallel to the lower and
upper limbs 252 and 253 of the left opening 250, respec-
tively, as well as to the portion of the projection 242 ad-
jacent to the base 241 of the right opening portion 240.
An end of the projection 242 overlaps the vertex of the
V-shaped opening portion 130. With the configuration of
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the fourth example as described above, the lower and
upper polarizer films 14 and 24 are arranged such that
their polarizing directions are the same as in the third
example.

[0025] Fig. 6A shows a schematic view of an opening
pattern of the pixel electrode 12 according to a fifth ex-
ample useful for understanding of the present invention.
As shown in Fig. 6A, the opening pattern of the pixel
electrode 12 includes an upper opening 141 formed in
the upper region of the pixel electrode 12, and a lower
opening 142 formed in the lower region of the pixel elec-
trode. If the pixel electrode 12 is divided into three areas
of equal length, that is, first to third areas, with the first
area having as its one side the first short side, the third
area having as its one side the second short side, and
the second area being formed between the first and third
areas, the upper opening 141 is positioned where the
first and second areas meet, and the lower opening 142
is positioned where the second and third areas meet.
The upper opening 141 extends from the first long side
to the second long side of the pixel electrode 12 in the
horizontal direction, and areas of the pixel electrode 12
corresponding to where the upper opening 141 is posi-
tioned along the first long side are cut away to form a
curved shape. Similarly, the lower opening 142 extends
from the second long side to the first long side of the pixel
electrode 12 in the horizontal direction, and areas of the
pixel electrode 12 corresponding to where the lower
opening 142 is positioned along the second long side are
cut away to form a curved shape. In addition, second and
third corners of the pixel electrode 12 are cut such that
they are rounded. Fig. 6B shows a schematic view of an
opening pattern of the common electrode 23 according
to the fifth example. As shown in Fig. 6B, the opening
pattern of the common electrode 23 is a zigzag-shaped
opening 260. The zigzag-shaped opening 260 includes
an upper part 261 proceeding from the first corner of the
common electrode 23 at a predetermined slant toward
and meeting the second long side of the common elec-
trode 23, amiddle part 262 extended at a predetermined
slant from an end of the upper part 261 where the same
meets the second long side toward and meeting the first
long side of the common electrode 23, and a lower part
263 extended at a predetermined slant from an end of
the middle part 262 where the same meets the first long
side toward and meeting the third corner of the common
electrode 23. If the common electrode 23 is divided into
three areas of equal length, that is, first to third areas,
with the first area having as its one side the first short
side, the third area having as its one side the second
short side, and the second area being formed between
the first and third areas, the upper and middle parts 261
and 262 converge where the firstand second areas meet,
and the middle and lower parts 262 and 263 converge
where the second and third areas meet.

[0026] Fig. 6C shows a schematic view of the opening
patterns of the pixel and common electrodes 12 and 23
shown respectively in Figs. 6A and 6B in an overlapped
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state. As shown in Fig. 6C, the opening patterns of the
pixel and common electrodes 12 and 23 divide the pixel
electrode 12 into several regions. The portion where the
upper and middle parts 261 and 262 of the opening 260
of the common electrode 23 meet overlaps an end of the
upper opening portion 141 of the pixel electrode 12 ad-
jacent to the second long side, and the portion where the
middle and lower parts 262 and 263 of the opening 260
of the common electrode 23 meet overlaps an end of the
lower opening portion 142 of the pixel electrode 12 ad-
jacent to the first long side.

[0027] With the configuration of the fifth example as
described above, the lower and upper polarizer films 14
and 24 are arranged such that their polarizing directions
are the same as in the third example. Fig. 7A shows a
schematic view of an opening pattern of the pixel elec-
trode 12 according to a sixth example useful for under-
standing of the present invention. As shown in Fig. 7A,
the opening pattern of the pixel electrode 12 includes an
upper opening 151 formed parallel to the first and second
short sides in the upper region of the pixel electrode 12,
and a lower opening 152 also formed parallel to the first
and second short sides in the lower region of the pixel
electrode 12. If the pixel electrode 12 is divided into three
areas of equal length, that is, first to third areas, with the
first area having as its one side the first short side, the
third area having as its one side the second short side,
and the second area being formed between the first and
third areas, the upper opening 151 is positioned where
the first and second areas meet, and the lower opening
portion 152 positioned where the second and third areas
meet. The upper and lower openings 151 and 152 extend
from a position in proximity to the first long side to a po-
sition in proximity to the second long side. Fig. 7B shows
a schematic view of an opening pattern of the common
electrode 23 according the sixth example. As shown in
Fig. 7B, the opening pattern of the common electrode 23
includes first, second and third X-shaped openings 270,
280 and 290 spaced apart from each other at a prede-
termined distance along the length of the common elec-
trode 23. A center area of each of the X-shaped openings
270, 280 or 290 is cut away to form an enlarged area
approximately rectangular in shape. One line forming the
"X" of the first X-shaped opening 270 extends from the
first corner to the second long side of the common elec-
trode 23 and its other line extends from the second corner
to the first long side of the common electrode 23; one
line forming the "X" of the second X-shaped opening 280
extends from the first long side to the second long side
of the common electrode 23 and its other line extends
from the second long side to the first long side of the
common electrode 23; and one line forming the "X" of
the third X-shaped opening 290 extends from the second
long side to the fourth corner of the common electrode
23 and its other line extends from the first long side to
the third corner of the common electrode 23.

[0028] Fig. 7C shows a schematic view of the opening
patterns of the pixel and common electrodes 12 and 23
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shown respectively in Figs. 7A and 7B in an overlapped
state. As shown in Fig. 7C, the opening patterns of the
pixel and common electrodes 12 and 23 are alternately
arranged, and divide the pixel electrode 12 into several
regions.

[0029] With the configuration of the sixth example as
described above, the lower and upper polarizer films 14
and 24 are arranged such that their polarizing directions
are respectively 45° and 135° (or vice versa) with respect
to the first and second short sides of the pixel electrode
12. Fig. 8A shows a schematic view of an opening pattern
of the pixel electrode 12 according to a seventh example
useful for understanding of the present invention. As
shown in Fig. 8A, the opening pattern of the pixel elec-
trode 12 includes an upper opening 160 formed in the
upper region of the pixel electrode 12, and a lower open-
ing 170 formed in the lower region of the pixel electrode
12. The upper opening 160 is T-shaped. That is, the up-
per opening 160 has a base 161 (the top of the "T")
formed at a predetermined distance from where the up-
per and lower regions of the pixel electrode 12 meet, the
base 161 extending from approximately the first long side
to the second long side of the pixel electrode 12. The
upper opening 160 also has a protrusion 162 extending
substantially from a center of the base 161 in a direction
toward the first short side of the pixel electrode 12, there-
by bisecting the upper region of the pixel electrode 12
into left and right sub-areas. The lower opening 170 is
formed parallel to the base 161 of the upper opening 160
and extends across the pixel electrode 12 approximately
and at predetermined distances from the first long side
to the second long side of the pixel electrode 12 such
that the lower opening 170 bisects the lower region of
the pixel electrode 12 into upper and lower sub-areas.
Fig. 8B shows a schematic view of an opening pattern
of the common electrode 23 according to the seventh
example. As shown in Fig. 8B, the opening pattern of the
common electrode 23 includes two upper openings 310
and 320, a middle opening 330, and a lower opening 340.
The two upper openings 310 and 320 are spaced apart
from each other at a predetermined distance in the upper
region of the common electrode 23, and are parallel to
each other and to the first and second long sides of the
common electrode 23. The middle and lower openings
330 and 340 are spaced apart from each other at a pre-
determined distance in the lower region of the common
electrode 23, and are parallel to each other and to the
first and second short sides of the common electrode 23.
Both end portions of the middle and lower openings 330
and 340 are enlarged in roughly a triangular shape, and
the triangle-shaped end portions of the middle and lower
opening portions 330 and 340 proceed over the first and
second long sides of the common electrode 23.

[0030] Fig. 8C shows a schematic view of the opening
patterns of the pixel and common electrodes 12 and 23
shown respectively in Figs. 8A and 8B in an overlapped
state. As shown in Fig. 8C, the opening patterns of the
pixel and common electrodes 12 and 23 divide the pixel
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electrode 12 into several regions. That is, ends of the
upper opening portions 310 and 320 of the common elec-
trode 23 farthest from the first short side of the common
electrode 23 overlap the base 161 of the T-shaped open-
ing 160 of the pixel electrode 12. Accordingly, the upper
openings 310 and 320 of the common electrode 23, and
the protrusion 162 of the T-shaped opening 160 of the
pixel electrode 12 divide an area of the pixel electrode
12 defined by the base 161 of the T-shaped opening 160,
the first and second long sides of the pixel electrode 12,
and the first short side of the pixel electrode 12 into four
sub-areas. The middle and lower openings 330 and 340
of the common electrode 23, and the lower opening 170
of the pixel electrode 12 divide an area of the pixel elec-
trode 12 defined by the base 161 of the T-shaped opening
160, the first and second long sides of the pixel electrode
12, and the second short side of the pixel electrode 12
into four sub-areas.

[0031] With the configuration of the seventh example
as described above, the lower and upper polarizer films
14 and 24 are arranged such that their polarizing direc-
tions are the same as in the sixth example. Accordingly,
the orienting direction of the liquid crystal molecules 30
becomes 45° with respect to the polarizing direction of
the polarizer films 14 and 24 so that the response speed
is rapid and the occurrence of texture is decreased, re-
sulting in enhanced picture quality. The opening portions
of the pixel and common electrodes 12 and 23 proceed
generally in two directions normal to each other. Further-
more, as the opening portions of the pixel and common
electrodes 12 and 23 are alternately arranged, the fringe
field in one pixel area is applied in all directions. Fig.- 9A
shows a schematic view of an opening pattern of the pixel
electrode 12 according to an eighth example useful for
understanding of the present invention. As shown in Fig.
9A, the opening pattern of the pixel electrode 12 is a
single linear opening 180 parallel to the first and second
short sides of the pixel electrode 12. If the pixel electrode
12 is divided into three areas of equal length, that is, first
to third areas, with the first area having as its one side
the first short side, the third area having as its one side
the second short side, and the second area being formed
between the first and third areas, the linear opening 180
is positioned where the second and third areas meet.
[0032] Fig. 9B shows a schematic view of an opening
pattern of the common electrode 23 according to the
eighth example. As shown in Fig. 9B, the opening pattern
of the common electrode 23 includes an upper opening
350 formed in the upper region of the common electrode
23 and a lower opening 360 formed in the lower region
of the common electrode. The upper opening 350 in-
cludes a base 351, a trunk 352, and two branches 353
and 354. The base 351 of the upper opening 350 is
formed roughly in a triangular shape and positioned ex-
tending over and past the first short side of the common
electrode 23. The trunk 352 is linearly extended from an
apex of the base 351 in a direction toward the second
short side of the common electrode 23. The branches
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353 and 354 are branched from a distal end of the trunk
352 toward and extending over the first and second long
sides of the common electrode 23, each of the branches
353 and 354 forming an obtuse angle with respect to the
trunk 352. The lower opening 360 linearly proceeds in a
direction parallel to the first and short sides of the com-
mon electrode 23. Both ends of the lower opening 360
are enlarged in roughly a triangular shape and extend
over the first and second long sides of the common elec-
trode 23.

[0033] Fig. 9C shows a schematic view of the pixel and
common electrodes 12 and 23 shown respectively in
Figs. 9A and 9B in an overlapped state. As shown in Fig.
9C, the branches 353 and 354 of the upper opening 350
of the common electrode 23 roughly divide the pixel elec-
trode 12 into upper and lower areas. The trunk 352 of
the upper opening 350 of the common electrode 23 bi-
sects the upper area of the pixel electrode 12 into two
sub-areas, one sub-area having as its one side the sec-
ond long side of the pixel electrode 12 and the other sub-
area having as its one side the first long side of the pixel
electrode 12. The lower opening 360 of the common elec-
trode 23, and the linear opening 180 of the pixel electrode
12 trisect the lower area of the pixel electrode 12 into
upper, middle and lower sub-areas.

[0034] With the configuration of the eighth example,
the lower and upper polarizer fiims 14 and 24 are ar-
ranged such that their polarizing directions are the same
as in the sixth example. With this structure, effects similar
to those obtained in the seventh example are realized.
[0035] Fig. 10A shows a schematic view of an opening
pattern of the pixel electrode 12 according to a preferred
embodiment of the present invention. As shown in Fig.
10A, the pixel electrode 12 is formed of four oval-shaped
portions sequentially interconnected in the longitudinal
direction.

[0036] Fig. 10B shows a schematic view of an opening
pattern of the common electrode 23 according to the pre-
ferred embodiment of the present invention. As shown
in Fig. 10B, the opening pattern of the common electrode
23 includes four diamond-shaped openings 370, and left
and right openings 380 and 390 surrounding the dia-
mond-shaped openings 370. The diamond-shaped
openings 370 are arranged over a longitudinal center of
the common electrode 23 and are spaced apart from
each other at a predetermined distance. Inner sides of
the left and right openings 380 and 390 facing the dia-
mond-shaped openings 370 substantially form cycloids
such that four partial ovals result, each oval surrounding
one of the diamond-shaped openings 370.

[0037] Fig. 10C shows a schematic view of the pixel
electrode 12 and the common electrode 23 shown re-
spectively in Figs. 10A and 10B in an overlapped state.
As shown in Fig. 10C, each diamond-shaped opening
370 of the common electrode 23 is placed at the center
of the corresponding oval-shaped portion of the pixel
electrode 12. Also, the left and right openings 380 and
390 of the common electrode 23 surround the pixel elec-
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trode 12 at a predetermined distance.

[0038] With the configuration of the preferred embod-
iment of the present invention as described above, the
lower and upper polarizer films 14 and 24 are arranged
such that their polarizing directions are the same as in
the third example. The opening patterns of the pixel and
common electrodes 12 and 23 according to the third to
eighth examples and the preferred embodiment were de-
signed with the intent of maximally satisfying the following
conditions, the conditions being particular to opening pat-
terns of the type for obtaining the partitioned orientation
of the liquid crystal molecules 30.

[0039] First, in order to obtain a maximum viewing an-
gle, it is preferable that four partitioned regions for ori-
enting the liquid crystal molecules 30 are present within
one pixel area.

[0040] Second, to obtain a stable partitioned orienta-
tion, disclination or texture should not be generated out-
side of the partitioned regions. Disclination occurs when
the long axes of liquid crystal molecules are oriented in
various directions in a confined area, particularly when
the long axes are inclined toward one another. Therefore,
it is preferable that the opening patterns of the pixel and
common electrodes 12 and 23 are alternately arranged,
and the end portions of the opening patterns are adjacent
toeach other. Thatis, when viewed from above, the open-
ing patterns of the pixel and common electrodes 12 and
23 are preferably structured in the form of closed poly-
gons. Furthermore, since disinclination is prone to occur
when the opening patterns are structured having acute
angles, it is preferable that the opening patterns are
formed including only obtuse angles. A stable partitioned
orientation of liquid crystal molecules also enhances
brightness. At areas where the orientation of the liquid
crystal molecules 30 is dispersed, the leakage of light
occurs in an off state, and dark portions are generated
in an on state. Also, this dispersion of the orientation of
liquid crystal molecules causes the generation of after-
images when the liquid crystal molecules are rearranged.
[0041] Third, in order to obtain a high level of bright-
ness, the following conditions should be satisfied. The
angle made by the two directors of the liquid crystal mol-
ecules 30 at adjacent partitioned regions is preferably
about 90°. When the angle of the director is established
in this manner, disclination occurs only at the narrowest
areas. The brightness is highest when the angle between
the light transmission axis of the polarizer film and the
director for liquid crystal molecules is 45°. Itis preferable
that twisting or bending of the opening patterns of the
pixel and common electrodes 12 and 23 is minimized as
much as possible.

[0042] Finally, in order to obtain a rapid response
speed of the liquid crystal molecules 30, it is preferable
again that the opening patterns of the pixel and common
electrodes 12 and 23 are not twisted or bent too much.
That is, it is preferable that the opening patterns of the
pixel and common electrodes 12 and 23 linearly face
each other. The affect of an opening width of the opening
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patterns and a spacing interval between the openings on
light transmission and response speed will now be de-
scribed.

[0043] Inordertoinvestigate such aninterrelation, nine
panels, each with different opening patterns were made
and tested. Fig. 11 shows schematic views of nine dif-
ferent opening patterns A - J for demonstrating the affect
of opening pattern width and spacing on response speed
and brightness. In the drawing, the opening patterns of
the common electrode are indicated by diagonal lines,
and the opening patterns of the pixel electrode are indi-
cated by solid lines.

[0044] As shown in Fig. 11, the B, C and D opening
patterns are identical and the E, F and G opening patterns
are identical. However, these opening patterns differ in
opening width and spacing. The | and J opening patterns
differ in the number of openings used, effectively having
different opening spacings. The A opening pattern has a
shape similar to that of the B, C and D opening patterns
except for the formation at a center area of the A opening
pattern. As a result, the A opening pattern is different in
opening spacing from the B, C and D opening patterns.
The opening width and the opening spacing of each
opening pattern are listed in Table 1. Fig. 12Ais a graph
illustrating light transmissivity levels of test cells applying
the A through J opening patterns, and Fig. 12B is a graph
comparing the light transmissivity level of a test cell ap-
plying the B opening pattern to the light transmissivity
levels of test cells applying the A through J opening pat-
terns. As shown in the graphs, the light transmissivity
level of the test cell applying the G opening pattern is the
highest, exceeding 13%. If the light transmissivity levels
of the test cells are ranked from highest to lowest accord-
ing towhich opening patternis used, the following ranking
results: G, E, |, B, D, A, C, F, and J. Fig. 13 is a graph
illustrating response times as a function of gray scale of
test cells applying the A through J opening patterns. Al-
though only sixty-nine (69) gray scales are used in actual
application, the experiment was performed with one hun-
dred and ten (110) gray scales. As shown in the graph,
response times of the test cells applying the B, C, D, and
J opening patterns were relatively fast over the whole
range of gray scales. For the test cells applying the other
opening patterns, the response times were relatively
slow. In the case of the test cells applying the A and |
opening patterns, the slow response times were due to
the movement of texture, and in the case of the test cells
applying the E, F, and G opening patterns, the slow re-
sponse times can be attributed to the two-step movement
of liquid crystal molecules.

[0045] The A through J opening patterns shown in Fig.
11 were applied to actual panels and the panels were
tested. Testing was performed on a total of four panels
for each opening pattern. The results are listed in Table 2.
[0046] The results of the experiment performed with
the actual panels were similar to the results when using
the test cells. However, there were some differences as
follows. First, the actual panel in which the | opening pat-
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tern was applied exhibited a higher response speed than
the test cell applying the same opening pattern. Also,
better results with regard to brightness were obtained
with the actual panel applying the J opening pattern than
when the test cell was used. Specifically, the brightness
of the test cell applying the J opening pattern was 75%
of the cell applying the B opening pattern, whereas this
was increased to 90% when the J opening pattern was
applied to the actual panel.

[0047] When the actual panels were used, white after-
images were generated with the application of the C, I,
and J opening patterns. The degree of white-afterimage
generation was so high with the application of the C open-
ing pattern that picture quality was impaired beyond a
level that could be corrected. However, the generation
of white afterimages was low enough when the | and J
opening patterns were applied so that with some im-
provement, the panels could be used.

[0048] On the basis of the above results, the opening
patterns to select depending on what the intended area
of improvement is are as follows. If the improvement of
brightness and the minimization of white afterimages are
what are desired, it is preferable to use the B, D, E, and
| opening patterns. However, if an improvement in re-
sponse speed while keeping the brightness at a normal
level is desired, the B, D, and | opening patterns are pre-
ferred. Finally, if what is needed is solely an improvement
in response speed (without concerning brightness), the
D and J opening patterns are preferred.

[0049] In order to further examine the interrelation be-
tween the response speed and the opening width of the
opening patterns, the differences in the optical charac-
teristics of panels applying the B, C, and D opening pat-
terns, which have the same shape but different opening
widths, will now be described.

[0050] Fig. 14 is a graph illustrating response times as
a function of gray scale of actual panels applying the B,
C, and D opening patterns. As shown in the graph, the
response times of the panels applying the opening pat-
terns exhibited the following relation (based on the type
of opening pattern) when 20 to 40 gray scales were used:
D<B<C. Itis evident, therefore, that the larger the width
of the opening pattern the faster the response time.
[0051] Roughly between 40 and 45 gray scales, the
response time ofthe panel applying the C opening pattern
is shorter than that of the panel applying B opening pat-
tern, and after 45 gray scales, the response time of the
panel applying the C opening pattern is shorter than that
of the panel applying the D opening pattern. However,
such a change in the response time of the panel applying
the C opening pattern is not actually taking place, but
instead is given the appearance of change as a result of
the generation of white afterimages. Thatis, the response
waveform is distorted due to the white afterimages so
thatthe response time seems to be shorter thanit actually
is. Accordingly, the conclusion originally reached that the
larger the width of the opening pattern the faster the re-
sponse speed remains valid.
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[0052] With the use 60 gray scales or more, the re-
sponse speed slows considerably due to the occurrence
of texture. In conclusion, the panel applying the D open-
ing pattern, which has the greatest width, exhibits the
most stable characteristics. Figs. 15A to 15C are photo-
graphs of the C, B and D opening patterns, respectively,
at white gray scales. As seen from the photographs, the
C opening pattern with poor texture stability displays the
lowest level of brightness, with the B and D opening pat-
terns exhibiting similarly higher levels of brightness. The
D opening pattern exhibits a low opening ratio due to its
significant width, but displays good texture stability such
that panels applying this opening pattern have a high
brightness. Texture stability is determined by the intensity
of the fringe field and the width of the opening pattern.
[0053] The boundary areas between adjacent parti-
tioned regions in the C, B and D opening patterns are
formed differently. Thatis, two clearly distinguishable tex-
tures are present in most of the boundary areas of the C
opening pattern, and with the B opening pattern, the
boundary areas are again distinguishable but not as
clearly as with the C opening pattern. The boundary areas
ofthe D opening pattern, onthe other hand, are notclearly
formed and are faint in many portions.

[0054] Figs. 16A and 16B are photographs of the C
and D opening patterns applied to test cells in which a
change in the partitioned regions according to a level of
an applied voltage is shown.

[0055] Inthe C opening pattern, two clearly distinguish-
able textures are present in the boundary areas when
the applied voltage reaches 3.5V, and becomes clearer
with further increases in the applied voltage. However,
in the D opening pattern, the boundary areas are some-
what clearly distinguishable only when the applied volt-
age reaches 5V. Such distinguishable boundary areas
are a result of the non-uniform orientation of the liquid
crystal molecules. To better describe such a phenome-
non, the intensity of the fringe field as a function of the
widths of the opening patterns will be examined.

[0056] Figs. 17A and 17B are schematic views used
to illustrate the change in intensity of a fringe field ac-
cording to variations in opening pattern width.

[0057] As the width of the opening pattern becomes
larger, the horizontal component of the fringe field expe-
riences corresponding increases. The horizontal compo-
nent of the fringe field plays an important role in deter-
mining the orienting direction of liquid crystal molecules.
Therefore, opening patterns with a large width are pre-
ferred in forming partitioned regions. In contrast, the larg-
er the width of the opening pattern the weaker the inten-
sity of the vertical component of the electric field working
at the center of the opening pattern.

[0058] Figs. 18A to 18D are schematic views illustrat-
ing orienting states of liquid crystal molecules at a pe-
ripheral portion of the opening patterns. When the width
of the opening pattern is relatively small, the liquid crystal
molecules are horizontally oriented to some degree even
at the center area of the opening pattern. That is, they
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are slightly inclined when the applied voltage is low, but
completely oriented in the horizontal direction when the
applied voltage is high. This is due to the vertical com-
ponent of the electric field being strong even at the center
area of the opening pattern. As a result, the leakage of
light occurs and the boundary area between the parti-
tioned regions is formed by two separate lines. Further-
more, in case the orienting direction of the liquid crystal
molecules is changed by 180°, elasticity becomes great-
er due to the small width of the opening pattern. In con-
trast, as the horizontal component of the fringe field is
weak, the fringe field is not strong enough to overcome
the elasticity, thereby resulting in the orienting direction
of the liquid crystal molecules at the boundary areas be-
coming non-uniform between the partitioned regions.
Such a non-uniform orientation of the liquid crystal mol-
ecules occurs even in micro regions of the pixel.

[0059] When the width of the opening pattern is rela-
tively large, the long axes of the liquid crystal molecules
are perpendicular to the electrodes at the center area of
the opening pattern. As the applied voltage is increased,
the liquid crystal molecules are slightly inclined, but the
degree of inclination is less than when the opening pat-
tern has a small width. Therefore, only a minimal amount
of light leakage occurs and the boundary area between
adjacent partitioned regions is shaped with a dark line.
[0060] As described previously, the greater the width
of the opening pattern the more rapid the response
speed , and as stated above, a greater width of the open-
ing pattern leads to more uniform micro regions of the
pixel. When the width of the opening pattern is great,
although the opening ratio is low, the orientation of the
liquid crystal molecules is uniform such that a satisfactory
degree of brightness is obtained. According to the above
experimental results, it is preferable that the opening
width of the opening pattern is in the range of 13+ 3 um,
and the cell gap is in the range of about 4-6 um.

[0061] The affect of opening spacing on the optical
characteristics of the opening patterns will now be de-
scribed. The | and J opening patterns have the same total
widths but effectively different spacings. According to the
experimental results with respect to the test cells, the
optical characteristics of the | and J opening patterns are
significantly different. However, when actual panels ap-
ply these opening patterns, the resulting optical charac-
teristics of the | and J opening patterns do not vary by
such a degree. It is viewed that this is a result of the such
factors as the difference in the type of alignment layer
used, whether a protective insulating layer is used, the
difference in the waveforms of the applied voltage, etc.
However, when the speeds of moving picture images are
compared in the actual panels, they are more rapid with
the J opening pattern than with the | opening pattern.
This can be easily demonstrated by observing the motion
of a dark rectangle on a gray background. The only dif-
ference in response speed occurs by variations in the
gray scales.

[0062] As with the opening width of the opening pat-
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tern, when the spacing between the opening portions of
the opening pattern becomes smaller, the opening ratio
is significantly reduced but the brightness does not un-
dergo much change. This is due to texture. That is, when
the distance between the opening portions is increased,
the control of texture becomes difficult, whereas such
control is easily performed when the opening spacing is
small. Therefore, when the distance between the opening
portions is small, the opening ratio is reduced but the
control of texture is easy, thereby enabling the compen-
sation of brightness. The exception is with the | opening
pattern in which even though the distance between the
opening portions is large, a high brightness results be-
cause texture controlis easily performed. In brief, a small-
er distance between the opening portions results in an
improvement of the response speed at various gray
scales. Even though the brightness is prone to deterio-
rate due to the decrease in the opening ratio, this can be
compensated for to some degree by controlling texture.
[0063] There exists a direct correlation between tex-
ture and response speed. Moving texture reduces re-
sponse speed. When a high voltage is applied, the re-
sponse speed is reduced in most of the opening patterns.
This is due to the generation of texture. Therefore, if tex-
ture can be suitably controlled, picture quality as well as
response speed can be improved. Techniques of inhib-
iting the occurrence of texture will now be described.
[0064] Figs. 19 and 20 show schematic views of por-
tions where texture occurs in the B and J opening pat-
terns, respectively. The opening pattern shown in Fig. 19
is nearly identical to that shown in Fig. 4C. However, in
the opening pattern of Fig. 19, second and third openings
122 and 123 of the pixel electrode 12 begin from the first
long side of the pixel electrode 12 and extend toward the
second long side of the pixel electrode 12 nearly reaching
the same, whereas in the opening pattern of Fig. 4C, the
second and third openings 122 and 123 are structured
in the opposite manner. Furthermore, portions of the sec-
ond long side of the pixel electrode 12 adjacent to ends
of the second and third openings 122 and 123 of the
opening pattern of Fig. 19 are protruded externally to
prevent the interconnection of the partitioned regions of
the pixel electrode 12 from deteriorating due to the open-
ing portions 122 and 123.

[0065] Portions where texture occurs mainly corre-
spond to areas where ends of the opening portions of
the common electrode 23 and ends of the opening por-
tions of the pixel electrode 12 meet. When the upper and
lower substrates are appropriately arranged, the occur-
rence of texture is low, whereas when the substrates are
inappropriately arranged, half moon-shaped textures,
which do not cause the generation of white afterimages,
occur. In order to inhibit such texture occurrence, the
width of the ends of the opening portions of the common
electrode 23 may be enlarged. Through such enlarge-
ment, the allowable range of error in arrangement can
be increased. The opening pattern shown in Fig. 20 is
similar to that shown in Fig. 8C, but differs in the number
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of openings extending across the pixel electrode from
the first long side to the second long side. Furthermore,
the openings of the pixel electrode 12 are such that they
are open where they begin at the first long side of the
pixel electrode 12 and extend across toward, but not
reaching, the second long side of the pixel electrode 12.
Portions of the second long side of the pixel electrode 12
adjacent to ends of these openings are protruded exter-
nally.

[0066] The occurrence of texture is concentrated at ar-
eas "a" corresponding to ends of openings of the common
electrode 23 proceeding across from the first long side
to the second long side of the common electrode 23.
Furthermore, texture occurs also along the second short
side of the pixel electrode 12, or area "b", which is de-
formed outwardly to enable a connection with the source
electrode, as well as at area "c" at an end of an opening
of the pixel electrode 12.

[0067] Such texture can be inhibited in the following
way. In the case of area a, a width of the ends of the
openings of the common electrode 23 are increased. In
the case of area b, the openings of the common electrode
23 are structured to overlap part of area b. For this pur-
pose, it is necessary to control the width and spacing of
the opening portions. When the spacing is decreased,
the opening ratio is reduced but the response speed is
enhanced. In the case of area c, the end of the opening
of the pixel electrode 12 extended from the first short side
is formed having sharp edges.

[0068] Figs. 21A to 21C illustrate opening patterns
where the above-described texture improving techniques
have been applied.

[0069] In the above description, a structure in which
the opening patterns are formed at both the pixel and
common electrodes 12 and 23 is disclosed. However, it
is also possible to form the opening patterns, together
with the protrusions, only at the pixel electrode 12. In this
case, the protrusions are formed using a gate insulating
layer or a protective layer. In the formation of the protru-
sions, care should be taken to avoid the formation of par-
asitic capacitance between electrical lines. The openings
and the protrusions can be arranged as illustrated in Fig.
21.

[0070] Alternatively, the opening patterns may be
formed only in the pixel electrode 12 while forming the
protrusions in the common electrode 23. In this case, the
openings and the protrusions can be arranged also as
illustrated in Fig. 21.

[0071] As described above, the inventive liquid crystal
display obtains a wide viewing angle, and exhibits stable
orientation of the liquid crystal molecules and a rapid re-
sponse speed.

[0072] While the presentinvention has been described
in detail with reference to the preferred embodiments,
those skilled in the art will appreciate that various modi-
fications and substitutions can be made thereto without
departing from the scope of the present invention as set
forth in the appended claims.
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[0073] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly, such
reference signs do not have any limiting effect on the
scope of each element identified by way of example by
such reference signs.

Claims
1. Aliquid crystal display, comprising:

a first substrate (10) having a top surface and a
bottom surface;

a pixel electrode (12) formed on the top surface
of the first substrate and divided into a plurality
of portions, each portion being oval-shaped, the
oval-shaped portions being sequentially inter-
connected in a longitudinal direction of the pixel
electrode (12);

a second substrate (20) having a top surface
and a bottom surface;

a common electrode (23) formed on the bottom
surface of the second substrate (20); and

a liquid crystal layer (30) sandwiched between
the top surface of the first substrate (10) and the
bottom surface of the second substrate (20),
the common electrode (23) comprising a first
diamond shaped opening pattern (370) being
placed at the center of the corresponding oval
shaped portion of the pixel electrode (12),

the common electrode (23) further comprising
left and right openings (380, 390) surrounding
the diamond-shaped openings (370) and sur-
rounding the pixel electrode (12) at a predeter-
mined distance.

2. Theliquid crystal display of claim 1, wherein the pixel
electrode (12) comprises four oval-shaped portions
and wherein the first opening pattern of the common
electrode (23) includes four diamond-shaped open-
ings (370), and the second opening pattern includes
the left and right openings (380, 390) surrounding
the four diamond-shaped openings (370).

3. The liquid crystal display of claims 1 or 2, wherein
the diamond-shaped openings (370) are arranged
over a longitudinal center of the common electrode
(23) and are spaced apart from each other at a pre-
determined distance.

4. Theliquid crystal display of anyone of the preceding
claims, wherein the inner sides of the left and right
openings (380, 390) facing the diamond-shaped
openings (370) substantially form cycloids such that
four partial ovals result, each oval surrounding one
of the diamond-shaped openings (370).
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5.

10.

1.

The liquid crystal display of claim 1, further compris-
ing:

a first polarizer film (14) formed on the bottom
surface of the first substrate (10); and

a second polarizer film (24) formed on the top
surface of the second substrate (20), wherein
the first polarizer (14) film and the second po-
larizer (24) film polarize either in a longitudinal
direction and a direction perpendicular to the
longitudinal direction, respectively, or the direc-
tion perpendicular to the longitudinal direction
and the longitudinal direction, respectively.

The liquid crystal display of claim 5, further compris-
ing a first compensation film attached between one
of the first and second substrates (10, 20) and one
of the first polarizer film and the second polarizer film
attached thereto.

The liquid crystal display of claim 6, wherein the first
compensation film is a biaxial compensation film.

The liquid crystal display of claim 7, wherein a slow
axis of the first compensation film is parallel or per-
pendicular to the polarizing directions of the first po-
larizer film (14) and the second polarizer film (24).

The liquid crystal display of claim 8, further compris-
ing a second compensation film attached between
the other one of the first substrate (10) and the sec-
ond substrate (20) and the other one of the first po-
larizer film and the second polarizer film attached
thereto.

The liquid crystal display of claim 9, wherein the first
compensation film and the second compensation
film are an a-plate compensation film and a c-plate
compensation film, respectively.

The liquid crystal display of claim 10, wherein a slow
axis of the a-plate compensation film is in parallel or
perpendicular to the polarizing directions of the first
polarizer film (14) and the second polarizer film (24).

Patentanspriiche

1.

Eine Flussigkristallanzeige, die Folgendes umfasst:

ein erstes Substrat (10) mit einer oberen Ober-
flache und einer unteren Oberflache;

eine Pixelelektrode (12), die auf der oberen
Oberflache des ersten Substrats geformt und in
eine Vielzahl von Abschnitten unterteilt ist, wo-
bei jeder Abschnitt oval ist und die ovalen Ab-
schnitte sequentiell in einer Langsrichtung der
Pixelelektrode (12) miteinander verbunden
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sind;

ein zweites Substrat (20) mit einer oberen Ober-
flache und einer unteren Oberflache;

eine gemeinsame Elektrode (23), die auf der un-
teren Oberflache des zweiten Substrats (20) ge-
formt ist; und

eine Flussigkristallschicht (30), die zwischen der
oberen Oberflache des ersten Substrats (10)
und der unteren Oberflache des zweiten Subst-
rats (20) eingeschlossen ist,

wobei die gemeinsame Elektrode (23) ein erstes
rautenférmiges Offnungsmuster (370) umfasst,
das in die Mitte des entsprechenden ovalen Ab-
schnitts der Pixelelektrode (12) platziert ist,
wobei die gemeinsame Elektrode (23) deswei-
teren linke und rechte Offnungen (380, 390) um-
fasst, welche die rautenférmigen Offnungen
(370) umgeben und die Pixelelektrode (12) in
einem vordefinierten Abstand umgeben.

Die Flussigkristallanzeige gemaf Anspruch 1, wobei
die Pixelelektrode (12) vier ovale Abschnitte umfasst
und wobei das erste Offnungsmuster der gemeinsa-
men Elektrode (23) vier rautenférmige Offnungen
(370) einschlieRtund das zweite Offnungsmuster die
linken und rechten Offnungen (380, 390) einschlieft,
welche die vier rautenférmigen Offnungen (370) um-
geben.

Die Flussigkristallanzeige gemafR Anspruch 1 oder
2, wobei die rautenférmigen Offnungen (370) (iber
einem Langszentrum der gemeinsamen Elekirode
(23) angeordnet und voneinander in einem vordefi-
nierten Abstand beabstandet sind.

Die Flussigkristallanzeige gemafR einem beliebigen
der obigen Anspriiche, wobei die Innenseiten der
linken und rechten Offnungen (380, 390), die den
rautenférmigen Offnungen (370) zugewandt sind, im
Wesentlichen Zykloide bilden, so dass vier Teilovale
resultieren, wobei jedes Oval eine der rautenférmi-
gen Offnungen (370) umgibt.

Die Flussigkristallanzeige gemafl Anspruch 1, die
weiter Folgendes umfasst:

einen ersten Polarisatorfilm (14), geformt auf
der unteren Oberflache des ersten Substrats
(10); und

einen zweiten Polarisatorfilm (24), geformt auf
der oberen Oberflache des zweiten Substrats
(20),

wobei der erste Polarisatorfilm (14) und der zweite
Polarisatorfilm (24) entweder in eine Langsrichtung
und eine Richtung senkrecht zur Langsrichtung oder
in die Richtung senkrecht zur Langsrichtung und in
die Langsrichtung polarisieren.
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Die Flissigkristallanzeige gemafl Anspruch 5, die
weiter einen ersten Kompensationsfilm umfasst, der
zwischen einem der ersten und zweiten Substrate
(10, 20) und einem des ersten Polarisatorfilms und
des zweiten Polarisatorfilms, die daran befestigt
sind, befestigt ist.

Die Flissigkristallanzeige gemaR Anspruch 6, wobei
der erste Kompensationsfilm ein biaxialer Kompen-
sationsfilm ist.

Die Flissigkristallanzeige gemaR Anspruch 7, wobei
eine langsame Achse des ersten Kompensations-
films parallel oder senkrecht zu den Polarisierungs-
richtungen des ersten Polarisatorfilms (14) und des
zweiten Polarisatorfilms (24) ist.

Die Flissigkristallanzeige gemafl Anspruch 8, die
weiter einen zweiten Kompensationsfilm umfasst,
derzwischen demanderen des ersten Substrats (10)
und des zweiten Substrats (20) und dem anderen
des ersten Polarisatorfilms und des zweiten Polari-
satorfilms, die daran befestigt sind, befestigt ist.

Die Flussigkristallanzeige gemaR Anspruch 9, wobei
der erste Kompensationsfilm und der zweite Kom-
pensationsfiim ein a-Plate-Kompensationsfilm be-
ziehungsweise ein c-Plate-Kompensationsfilm sind.

Die Flissigkristallanzeige gemaf Anspruch 10, wo-
bei eine langsame Achse des a-Plate-Kompensati-
onsfilms parallel oder senkrecht zu den Polarisie-
rungsrichtungen des ersten Polarisatorfilms (14) und
des zweiten Polarisatorfilms (24) ist.

Revendications

1.

Affichage a cristaux liquides, comportant :

un premier substrat (10) ayant une surface su-
périeure et une surface inférieure,

une électrode de pixel (12) formée sur la surface
supérieure du premier substrat et divisée en une
pluralité de portions, chaque portion étant de for-
me ovale, les portions de forme ovale étant sé-
quentiellement interconnectées dans une direc-
tion longitudinale de I'électrode de pixel (12),
un second substrat (20) ayant une surface su-
périeure et une surface inférieure,

une électrode commune (23) formée sur la sur-
face inférieure du second substrat (20), et

une couche de cristaux liquides (30) prise en
sandwich entre la surface supérieure du premier
substrat (10) et la surface inférieure du second
substrat (20),

I’électrode commune (23) comportant un pre-
mier motif d’ouverture en forme de losange
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(370) étant placé au centre de la portion de for-
me ovale correspondante de I'électrode de pixel
(12),

I'électrode commune (23) comportant en outre
des ouvertures gauche et droite (380, 390) en-
tourant les ouvertures en forme de losange
(370) et entourant I'électrode de pixel (12) a une
distance prédéterminée.

Affichage a cristaux liquides selon la revendication
1, dans lequel I'électrode de pixel (12) comporte qua-
tre portions de forme ovale et dans lequel le premier
motif d’ouverture de I'électrode commune (23) inclut
quatre ouvertures en forme de losange (370), et le
second motif d’ouverture inclut les ouvertures gau-
che et droite (380, 390) entourant les quatre ouver-
tures en forme de losange (370).

Affichage a cristaux liquides selon les revendications
1 ou 2, dans lequel les ouvertures en forme de lo-
sange (370) sont agencées au-dessus d’un centre
longitudinal de I'électrode commune (23) et sont es-
pacées les unes des autres a une distance prédé-
terminée.

Affichage a cristaux liquides selon I'une quelconque
des revendications précédentes, dans lequel les c6-
tés intérieurs des ouvertures gauche et droite (380,
390) dirigées vers les ouvertures en forme de losan-
ge (370) forment sensiblement des cycloides de telle
sorte qu’il en résulte quatre ovales partiels, chaque
ovale entourant I'une des ouvertures en forme de
losange (370).

Affichage a cristaux liquides selon la revendication
1, comportant en outre :

un premier film polarisant (14) formé sur la sur-
face inférieure du premier substrat (10), et

un second film polarisant (24) formé sur la sur-
face supérieure du second substrat (20), dans
lequel le premier film polarisant (14) etle second
film polarisant (24) polarisent soit dans une di-
rection longitudinale et dans une direction per-
pendiculaire a la direction longitudinale, respec-
tivement, soit dans la direction perpendiculaire
a la direction longitudinale et dans la direction
longitudinale, respectivement.

Affichage a cristaux liquides selon la revendication
5, comportant en outre un premier film de compen-
sation fixé entre I'un des premier et second substrats
(10, 20) et I'un des premier et second films polari-
sants fixés a ceux-ci.

Affichage a cristaux liquides selon la revendication
6, dans lequel le premier film de compensation est
un film de compensation biaxiale.
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Affichage a cristaux liquides selon la revendication
7, dans lequel un axe lent du premier film de com-
pensation est paralléle ou perpendiculaire aux direc-
tions de polarisation du premier film polarisant (14)
et du second film polarisant (24).

Affichage a cristaux liquides selon la revendication
8, comportant en outre un second film de compen-
sation fixé entre I'autre des premier (10) et second
(20) substrats et I'autre des premier et second films
polarisants fixés a ceux-ci.

Affichage a cristaux liquides selon la revendication
9, dans lequel le premier film de compensation et le
second film de compensation sont respectivement
un film de compensation de plaque a et un film de
compensation de plaque c.

Affichage a cristaux liquides selon la revendication
10, dans lequel un axe lent du film de compensation
de plaque a est paralléle ou perpendiculaire aux di-
rections de polarisation du premier film polarisant
(14) et du second film polarisant (24).
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FIG. 6B
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(A) C Pattern:3V—> 3.5V =>4y —> 5v (B) D Pattern:3v—> 3.5v> 4v—> 5V
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