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7) ABSTRACT

The present invention is directed to provide a liquid crystal
display having an improved picture quality, high transmit-
tance and high aperture ratio.

The liquid crystal display comprises: an upper and a lower
substrate opposed cach other to be spaced apart; a liquid
crystal layer interposed between inner surfaces of the upper
and lower substrates, the liquid crystal layer including a
plurality of liquid crystal molecules; a gate bus line and a
data bus line formed in the lower substrate in a matrix
configuration and defining sub-pixel regions; a counter
electrode formed on each sub-pixel region of the lower
substrate; a pixel electrode formed on each sub-pixel region
of the lower substrate, wherein the counter electrode and the
pixel electrode form an electric field; a thin film transistor
formed at an intersection of the gate bus line and the data bus
line, and switching a signal transmitted from the data bus
line into the pixel electrode when the gate bus line is
selected, and a homogeneous alignment layer formed on
inner surfaces of the upper and lower substrates, wherein a
first electric field is formed between the counter and pixel
electrodes of a selected sub-pixel among the sub-pixel
regions, and the electric field is formed as a diagonal line
with respect to the gate bus line and the data bus line,
wherein a second electric field is formed between the
counter electrode and the pixel electrode of another sub-
pixel adjacent to said selected sub-pixel, and the second
electric field is formed as a diagonal line to make a sym-
metry with the first electric field.
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LIQUID CRYSTAL DISPLAY HAVING HIGH
TRANSMITTANCE AND HIGH APERTURE RATIO

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display, more particularly to a liquid crystal display having
an improved picture quality.

BACKGROUND OF THE INVENTION

[0002] The In-Plane Switching (hereinafter IPS) mode
liquid crystal display has been suggested to complement the
viewing angle characteristic of Twisted Nematic (hereinafter
TN) mode liquid crystal display. (Principle and Character-
istic of Electro-optical behavior with in-plane switching
mode, Asia Display 1995, p. 577-580)

[0003] The IPS mode liquid crystal display is illustrated in
FIG. 1. Electrodes 2a,2b for driving a liquid crystal mol-
ecule 34 are disposed on a lower substrate 1. At that time, a
distance between the electrodes 2a,2b is larger than a
distance between the lower substrate 1 and an upper sub-
strate (not shown) thereby forming an electric field parallel
to a surface of the lower substrate 1. Herein, the electrodes
2a,2b are made of opaque material, such as Mow and Al. A
reference symbol “R” stands for a rubbing direction of an
alignment layer.

[0004] As known in the art, the refractive anisotropy (or
birefringence, An) is occurred due to the difference of the
lengths of the long and the short axes. The refractive
anisotropy An is also varied from the viewer’s viewing
directions. Therefore a predetermined color is appeared on
the region where the polar angle is of O degree and the
azimuth angle range of degrees 0, 90, 180 and 270 in spite
of the white state. This phenomenon is regarded as color
shift and more detailed description thereof is attached with
reference to the equation 1.

T=T, sin’(2y)-sin(z-And/A)
[0005]

[0006]

[0007] : angle between an optical axis of liquid
crystal Molecule and a polarizing axis of the polar-
izing plate;

[0008]

[0009] d: distance or gap between the upper and
lower substrates (thickness of the liquid crystal
layer); and

[0010]

[0011] So as to obtain the maximum transmittance T, the
X should be /4 or the And/A should be 7/2 according to the
equation 1. As the And varies with the birefringence differ-
ence of the liquid crystal molecules from viewing directions,
the value of h is varied in order to satisfy 7/2. According to
this condition, the color corresponding to the varied wave-
length ) appears.

[0012] Accordingly, as the value of An relatively
decreases at viewing direction “ot” toward the short axes of
the liquid crystal molecules, the wavelength of the incident
light for obtaining the maximum transmittance relatively

equation 1

wherein, T: transmittance;

T,: transmittance to the reference light;

An: birefringence;

) wavelength of the incident light.
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decreases also. Consequently a color of blue having a shorter
wavelength than that of a color of white appears.

[0013] On the other hand, as the value of An relatively
increases at a viewing direction “[}” toward the short axes of
the liquid crystal molecules, the wavelength of an incident
light relatively increases also.

[0014] Consequently a color of yellow having a longer
wavelength than that of the color of white appears.

[0015] Deterioration is caused in the picture quality of IPS
mode liquid crystal display.

[0016] Furthermore, since the electrodes 2a,2b are made
of opaque material, the aperture area in the IPS mode liquid
crystal display is reduced and the transmittance thereof is
also degraded. As a result, so as to obtain a proper bright-
ness, an intensified backlight is required which incurs too
much power consumption.

[0017] So as to solve the foregoing problems, a method to
form the electrodes 24,2b with a transparent material has
been proposed. In such a liquid crystal liquid display, the
aperture ratio is often increased, however the transmittance
is often not improved. That is to say, to produce an in-plane
electric field, a distance 1 between the electrodes 24,2b must
be set to be greater than a distance between upper and lower
substrates. To obtain a suitable intensity of the electric field,
the electrodes 2a and 2b have relatively large dimension of
width, for example, 10 to 20 um.

[0018] However, if the electrodes have such a large dimen-
sion of width, the liquid crystal molecules positioned right
above the upper surfaces of the electrodes 12 and 14 do not
move thereby forming equipotential lines. As the result,
since the liquid crystal molecules positioned right above the
upper surfaces of the electrodes continue to hold an initial
configuration even in the presence of the electric field, the
transmittance is little increased.

SUMMARY OF THE INVENTION

[0019] The present invention is directed to provide a liquid
crystal display having an improved picture quality.

[0020] Further, the present invention is directed to
improve transmittance and aperture ratio of the liquid crystal
display.

[0021] So as to accomplish foregoing objects of this
invention, the liquid crystal display having high transmit-
tance and high aperture ratio comprising;

[0022] an upper and a lower substrate opposed cach
other to be spaced apart;

[0023] aliquid crystal layer interposed between inner
surfaces of the upper and lower substrates, the liquid
crystal layer including a plurality of liquid crystal
molecules;

[0024] a gate bus line and a data bus line formed in
the lower substrate in a matrix configuration and
defining sub-pixel regions;

[0025] a counter electrode formed on each sub-pixel
region of the lower substrate;

[0026] a pixel electrode formed on each sub-pixel
region of the lower substrate, wherein the counter
electrode and the pixel electrode form an electric
field;
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[0027] a thin film transistor formed at an intersection
of the gate bus line and the data bus line, and
switching a signal transmitted from the data bus line
into the pixel electrode when the gate bus line is
selected; and

[0028] a homogeneous alignment layer formed on
inner surfaces of the upper and lower substrates,

[0029] wherein a first electric field is formed between
the counter and pixel electrodes of a selected sub-
pixel among the sub-pixel regions, and the electric
field is formed as a diagonal line with respect to the
gate bus line and the data bus line,

[0030] wherein a second electric field is formed
between the counter electrode and the pixel electrode
of another sub-pixel adjacent to said selected sub-
pixel, and the second electric field is formed as a
diagonal line to make a symmetry with the first
electric field.

[0031]

[0032] an upper and a lower substrate opposed to be
spaced apart;

[0033] aliquid crystal layer interposed between inner
surfaces of the upper and lower substrates, the liquid
crystal layer including a plurality of liquid crystal
molecules;

[0034] a gate bus line and a data bus line formed in
the lower substrate in a matrix configuration and
defining sub-pixel regions;

[0035] a counter electrode including a body of a
rectangular frame shape formed at each sub-pixel
region and at least a diagonal branch dividing a
region surrounded by the body;

[0036] a pixel electrode including a first electrode
which is formed to be overlapped with a selected
portion of the body of the counter electrode, and
second electrodes being extended from the first elec-
trode and disposed parallel to diagonal branches
being formed at their corresponding sub-pixels;

[0037] a thin film transistor formed at an intersection
of the gate bus line and the data bus line, and
switching a signal transmitted from the data bus line
into the pixel electrode when the gate bus line is
selected; and

[0038] a homogeneous alignment layer formed on
inner surfaces of the upper and lower substrates,

[0039] wherein the diagonal branches and the second
electrodes at a selected sub-pixel region are extended
as diagonal lines with respect to the gate bus line and
the data bus line,

[0040] wherein other diagonal branches and second
electrodes at other sub-pixel regions adjoining in all
directions to said selected sub-pixel region are
arranged to make a symmetry together with the
diagonal branches and the second electrodes of the
selected sub-pixel region,

[0041] wherein the counter and pixel electrodes are
made of a transparent conductor, and widths of the

The liquid crystal display further comprises:
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diagonal branches of the counter electrode and the
second electrodes of the pixel electrodes are properly
set so that the electric field being generated between
the counter and pixel electrodes may affect the
electrodes entirely.

[0042]

[0043] an upper and a lower substrate opposed to be
spaced apart;

[0044] aliquid crystal layer interposed between inner
surfaces of the upper and lower substrates, the liquid
crystal layer including a plurality of liquid crystal
molecules;

[0045] a gate bus line and a data bus line formed in
the lower substrate in a matrix configuration and
defining sub-pixel regions;

[0046] a counter electrode of a rectangular plate
shape formed at a sub-pixel region;

[0047] a pixel electrode including a first electrode
formed to be overlapped with a selected portion of
the counter electrode, and a second electrode being
extended from the first electrode in the form of a
diagonal line;

[0048] a thin film transistor formed at an intersection
of the gate bus line and the data bus line, and
switching a signal transmitted from the data bus line
into the pixel electrode when the gate bus line is
selected; and

[0049] a homogencous alignment layer formed on
inner surfaces of the upper and lower substrates,

[0050] wherein the second electrode within a selected
sub-pixel region extended as a diagonal line of the
gate bus line and the data bus line,

[0051] wherein the second electrode within other
sub-pixel regions adjoining in all directions to the
selected sub-pixel region is arranged to make a
symmetry with the selected sub-pixel region,

[0052] wherein the counter and pixel electrodes are
made of a transparent conductor.

The liquid crystal display still comprises:

BRIEF DESCRIPTION OF THE INVENTION

[0053] FIG. 1 illustrates a principle of driving a conven-
tional IPS-mode liquid crystal display.

[0054] FIG. 2A is a plan view of a liquid crystal display
according to a first embodiment of the present invention
where a material of positive dielectric anisotropy is used for
liquid crystal.

[0055] FIG. 2B is a plan view of a liquid crystal display
according to a second embodiment of the present invention
where a material of negative dielectric anisotropy is used for
liquid crystal.

[0056] FIG. 3 is a plan view of a lower substrate in the
liquid crystal display according to the second embodiment
of the present invention.

[0057] FIG. 4 is a plan view of a counter electrode in the
liquid crystal display according to the second embodiment
of the present invention.
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[0058] FIG. 5 is a plan view of a lower substrate in an
active matrix type liquid crystal display according to a third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0059] Hereinafter, detailed description of the preferred
embodiments will be followed.

[0060]

[0061] FIG. 2A shows a liquid crystal display according
to a first embodiment of the present invention where a
material of positive dielectric anisotropy is used for liquid
crystal, and FIG. 2B shows a liquid crystal display accord-
ing to a second embodiment of the present invention where
a material of negative dielectric anisotropy is used for liquid
crystal.

[0062] Referring to FIG. 2A, sub-pixels of red R, green G,
blue B are defined in a lower glass substrate 10. First
electrodes 11a, 115, 11¢ for driving liquid crystal are formed
in the respective sub-pixel regions R,G,B. Herein, the first
electrode 11 in the respective sub-pixels R,G,B is formed in
a shape of diagonal line. The first electrodes 114,11c in the
sub-pixels of red R and blue B, are arranged in the same
direction, and the first electrode 115 within the sub-pixel of
green G is disposed to make a symmetry with the first
electrodes 11a, 11c of the sub-pixels R,B. The respective
first electrodes 11a,11b,11¢ are made of a transparent con-
ductive film and have a selected width w1.

[0063] The second electrode 12 is also formed within the
respective sub-pixels R,G,B. The second electrodes 124,
12b,12¢ are arranged in parallel to be spaced apart from the
first electrodes 11a, 11b, 11c in their corresponding sub-
pixels R,G,B by a selected distance. The second electrode 12
is also made of a transparent material and the second
electrode 12 have a selected width w2. Herein, a distance 1
between the first electrodes 11a,11b,11¢ and the second
electrodes 12a,12b,12¢ is smaller than widths w1,w2 of the
first and second electrodes 11,12 and is also smaller than the
distance between the upper and lower substrates. Further-
more, the widths w1,w2 of the first electrodes 11a, 11b, 11¢
and the second electrodes 12a,125,12¢ are set such that the
electric field being formed between the first and second
electrodes make the liquid crystal molecules overlying the
upper regions of both electrodes 11,12 drive sufficiently.

[First Embodiment]

[0064] A homogeneous alignment layer (not shown) for
determining an initial alignment direction of the liquid
crystal molecules 13 is formed on the lower glass substrate
10 where the first and second electrodes 11,12 are formed.
The alignment layer is rubbed in the x direction (or in the y
direction) so that the long axes of the liquid crystal mol-
ecules 13 are arranged in the x direction (or in the y
direction) in the absence of electric field.

[0065] If there is a voltage difference between the first
electrode 11 and the second electrode 12 being arranged as
above, electric fields E1,E2 are formed. At this time, the
electric fields E1,E2 are arranged in a shape of diagonal
lines. Further, the electric field E1 formed in the sub-pixels
of red and blue, makes a symmetry with the electric field E2
formed in the sub-pixel of green.

[0066] Type of liquid crystal is determined depending on
the angle 8 between the electric fields E1,E2 and a rubbing
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axis. That means, when the angle 6 is set in the range of
45~90°, a liquid crystal of positive dielectric anisotropy is
used and, when the angle 0 is set in the range of 0~45°, a
liquid crystal of negative dielectric anisotropy is used.

[0067] Selecting of dielectric anisotropy of liquid crystal
molecules depending on the angle between the electric field
and the rubbing axis is required to obtain the maximum
transmittance.

[0068] For example, as shown in FIG. 2A, the long axes
of the liquid crystal molecules 13 are arranged parallel to the
electric fields E1,E2 when the angle 61 is set in the range of
45~90° since the liquid crystal of positive dielectric anisot-
ropy is used. And then, the liquid crystal molecules 13 is
twisted by 45° or more thereby obtaining the maximum
transmittance.

[0069] Furthermore, as shown in FIG. 2B, the short axes
of the liquid crystal molecules 13 are arranged parallel to the
electric fields E1,E2 when the angle 62 is set in the range of
0~45° since the liquid crystal of negative dielectric anisot-
ropy is used. Herein, the liquid crystal molecules 13 is also
twisted by 45° or more thereby obtaining the maximum
transmittance.

[0070] As shown in FIGS. 2A,2B, under the presence of
electric field, the liquid crystal molecules 13 in the sub-
pixels R,B are aligned in a clockwise direction (a counter-
clockwise direction in FIG. 2B), and the liquid crystal
molecules 13 in the sub-pixel of G are aligned in a counter-
clockwise direction (a clockwise direction in FIG. 2B).
Herein, since human eyes do not recognize sub-pixels, it is
seem that the liquid crystal molecules are divided in two
directions, in aspect of main pixels. Therefore, the refractive
anisotropy of the liquid crystal molecules 13 is compensated
and color shift is prevented.

[0071] Furthermore, the electric fields affect the liquid
crystal molecules overlying the upper portions of the elec-
trodes sufficiently, and the liquid crystal molecules are all
driven thereby improving the transmittance and aperture
ratio.

[0072]

[0073] FIG. 3 is a plan view of a lower substrate in an
active matrix type liquid crystal display according to the
second embodiment of the present invention.

[0074] Referring to FIG. 3, in a lower glass substrate 20,
a plurality of gate bus lines 21 are arranged in an x direction
and a plurality of data bus lines 22 are arranged in a y
direction which is substantially perpendicular to the x direc-
tion thereby defining sub-pixels R,G,B. Herein, only a pair
of gate bus lines 21 and a pair of data bus lines 22 for
showing a main pixel region consisting of three sub-pixels
R,G,B are illustrated in the drawing.

[Second Embodiment]

[0075] Herein, the first sub-pixel is called a sub-pixel of
red R, the second sub-pixel is called a sub-pixel of green G
and the third is called a sub-pixel of Blue B.

[0076] A gate insulating layer (not shown) is interposed
between the gate bus lines 21 and the data bus lines 22
thereby insulating therebetween. The gate bus lines 21 and
the data bus lines 22 are made of an opaque material of high
conductivity, such as MoW, Al, Ta and Ti.
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[0077] A counter electrode 23 is formed at each sub-pixel
and spaced apart from the gate bus lines 21 and the data bus
lines 22. As shown in FIG. 4, the counter electrode 23
includes body 234 having a rectangular frame shape entirely
and diagonal branches 23b dividing a region surrounded by
the body 23a into a number of spaces. Herein, although
extending directions of the diagonal branches 235 are dif-
ferent from the respective sub-pixel regions R,G,B, however
the diagonal branches 23b within the same sub-pixel are
arranged all in parallel. Preferably, the extending direction
of diagonal branches 23b in the same sub-pixel makes a
symmetry with the extending direction of diagonal branches
in another sub-pixel being disposed adjacent to the former.
As shown in the drawing, for example the diagonal branches
23b in the sub-pixels of red R and in the sub-pixels of blue
B have an angle 0 with an x direction and the diagonal
branches 23b in the sub-pixel of green G have an angle
0+90° with the x direction. The diagonal branches 23b of the
counter electrodes 23 are disposed with a regular distance
and their widths are set in the range of approximately 2~4
4m.

[0078] A pixel electrode 24 is overlapped on the counter
electrode 23. The pixel electrode 24 includes a first electrode
244 being overlapped with a selected portion of the body
23a of the counter electrode 23 and a diagonal second
electrode 24b being extended from the first electrode 24a so
as to be disposed between the diagonal branches 23b of the
counter electrode 23b. Herein, the second electrode 24b is
disposed parallel to the diagonal branch 23b in its corre-
sponding sub-pixel.

[0079] At this time, the first electrode 24a of the pixel
electrode is in contact with all second electrodes being
formed in the same sub-pixel. Therefore, the first electrode

24q is formed in “|_” figure in the sub-pixels R,B and is

formed in “[” figure in the sub-pixel G. Herein, a width of
the first electrode 244 of the pixel electrode 24 is identical
to or smaller than that of the body 23a of the counter
electrode 23 and a width of the second electrode 24b of the
pixel electrode 24 is preferably identical to that of the
diagonal branches 23b of the counter electrode 23. In
addition, the distance between the diagonal branch 235 and
the second electrode 24b is set in the range of approximately
0.5~3 um, and preferably 1 um in the present embodiment.
Further, the distance between the diagonal branch 23b and
the second electrode 24b is set such that the distance is
smaller than their respective widths.

[0080] End portions of the second electrode 24b of the
pixelelectrode 24 is bent to an obtuse-angled portion among
the portion made by crossing the second electrode 24b of the
pixel electrode 24 and the body 23a of the counter electrode
23. This is because to remove edge electric field generation
at corner regions.

[0081] Herein, both counter electrode 23 and pixel elec-
trode 24 are preferably made of a transparent conductive
film, for example indium tin oxide (ITO).

[0082] A thin film transistor 25 is provided at an intersec-
tion of the gate bus line 21 and the data bus line 22. The thin
film transistor 25 acts as a switching means for transmitting
a signal of the data bus line 22 to the pixel electrode 24 when
the gate bus line 21 is selected.

[0083] A common signal line 26 is disposed in contact
with a selected portion of the counter electrode 23 and in
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parallel to the gate bus line 21. Herein, the common signal
line 26 transmits a common signal to each counter electrode
23 and is made of an opaque metal having a high conduc-
tivity so that there may not arise any signal delay.

[0084] A homogeneous alignment layer (not shown) is
coated on a resultant of a lower substrate 20. The alignment
layer is rubbed in the x direction (or in the y direction). The
reference numeral 27 stands for the direction of rubbing
axis.

[0085] An upper substrate (not shown) is disposed to be
spaced apart from the lower substrate 20, and a liquid crystal
layer (not shown) is interposed between the upper and lower
substrates. Herein, the cell gap between both substrates is set
below 6 um.

[0086] As described in the first embodiment, type of the
dielectric anisotropy of liquid crystal molecules is deter-
mined depending on the direction of electric field. The
electrodes are arranged such that the angle between the
electric field and the x direction is set below 45°, therefore
liquid crystal of a negative dielectric anisotropy is used in
the present embodiment.

[0087] Another homogeneous alignment layer (not
shown) is formed at an inner surface of the upper substrate,
hereinafter the alignment layer in the upper substrate is
referred to as an upper alignment layer. The upper alignment
layer has a rubbing axis which is disposed anti-parallel to the
alignment layer in the lower substrate, hereinafter a lower
alignment layer.

[0088] A polarizer (not shown) is arranged to an outer
surface of the lower substrate 20 and an analyzer (not
shown) is arranged to an outer surface of the upper substrate.
Herein, a polarizing axis of the polarizer is coincided with
a rubbing axis of the lower alignment layer and a polarizing
axis of the analyzer is disposed perpendicular to a polarizing
axis of the polarizer.

[0089] Operation of the liquid crystal display constituted
as above is given below.

[0090] Under the absence of electric field between the
counter electrode 23 and the pixel electrode 24, long axes of
the liquid crystal molecules are arranged along the ribbing
axis uniformly. Then, an incident light to pass the liquid
crystal layer (not shown) does not change its polarizing
state. Accordingly, the light can not pass the analyzer having
a polarizing axis which is disposed by crossing the polar-
izing axis of the polarizer. A screen has a dark state.

[0091] On the other hand, if there is a voltage difference
between the counter electrode 23 and the pixel electrode 24,
electric fields E1,E2 are formed between the branch 235 of
the counter electrode 23 and the second electrode 24b of the
pixel electrode 24. At this time, the electric fields E1,E2 are
formed in the form of normal lines to the extended direction
of the branch 23b and the second electrode 24b in corre-
sponding sub-pixel regions. That is to say, the electric field
E1 has an angle 61+90° with the x direction and is disposed
in the sub-pixels R,B, and the electric field E2 has an angle
61 with the x direction and is disposed in the sub-pixel G.
Accordingly, the electric fields in the sub-pixels R and G
make a symmetry with respect to the y direction and the
electric fields in the sub-pixels G and B make also a
symmetry with respect to the y direction. And then, the
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liquid crystal molecules in the sub-pixels R,B are aligned in
a counter-clockwise direction, and the liquid crystal mol-
ecules in the sub-pixel G are aligned in a clockwise direc-
tion. At this time, their short axes are twisted parallel to the
electric field, and the liquid crystal molecules have 45° with
the polarizing axis of the polarizer thereby obtaining the
maximum transmittance and leaking the light. The screen
has a white state.

[0092] 1In aspect of each sub-pixel, the liquid crystal
molecules are aligned in one direction uniformly, however,
human eyes do not recognize sub-pixels. Therefore, the
liquid crystal molecules are twisted in different directions, in
aspect of main pixels. Accordingly, the refractive anisotropy
of the liquid crystal molecules is compensated and color
shift is prevented when a viewer sees the screen in lateral
azimuth directions.

[0093] Further, both counter electrode 23 and the pixel
electrode 24 are made of a transparent metal thereby form-
ing fringe field. The liquid crystal display in the present
embodiment has a remarkably improved transmittance
rather than the conventional IPS mode liquid crystal display.

[0094] The distance between the branch 236 of the counter
electrode 23 and the second electrode 24b of the pixel
electrode 24 where the electric fields are substantially
formed, is smaller than widths of the electrodes 235,24b and
the widths of the electrodes 235,245 are determined so that
the liquid crystal molecules overlying the branch 23b of the
counter electrode 23 and the second electrode 24b of the
pixel electrode 24 are sufficiently aligned by the electric
fields E1,E2. The transmittance is also increase.

[0095] [Third Embodiment]

[0096] FIG. 5 is a plan view of a lower substrate in an
active matrix type liquid crystal display according to a third
embodiment of the present invention.

[0097] Gate bus lines, data bus lines, thin film transistor,
common signal line, first and second alignment layers and
first and second polarizers of the present embodiment has
the same arrangement with the first embodiment. However,
the arrangement of counter and pixel electrodes is different
from the first embodiment.

[0098] That means, as shown in FIG. 5, the counter
electrode 230 of the present embodiment has a plate shape
and made of a transparent conductor, for instance ITO metal
film.

[0099] The pixel electrode 24 is overlapped on the counter
electrode 230. The pixel electrode 24, as described in the
second embodiment, includes a first electrode 24a being
overlapped with a selected peripheral portion of the counter
electrode 230 and a second electrode 24b being extended
from the first electrode 24a in the form of diagonal lines.
Herein, the second electrode 24b is disposed with a regular
distance, for example 1~4 um. The second electrode 24b has
an angle 02, for example 2~30° with the x direction.
Accordingly, a liquid crystal layer (not shown) has a nega-
tive dielectric anisotropy.

[0100] In the present embodiment, the distance between
the counter electrode 230 and the pixel electrode 24 is equal
to a thickness of a gate insulating layer (not shown), and the
thickness of the gate insulating layer is smaller than the
widths of both electrodes.
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[0101] Furthermore, the electric field is formed between
the second electrode 24b of the pixel electrode 24 and a
selected portion of the counter electrode 230 which is
exposed by the second electrode 24b of the pixel electrode

[0102] The same operation as in the second embodiment is
applied to the liquid crystal display of the present embodi-
ment.

[0103] As described above in detail, according to the
present invention, an electric field formed in a sub-pixel and
another electric field formed in adjacent sub-pixels are in the
form of diagonal lines and they are disposed to make a
symmetry. Accordingly, under the presence of electric field,
the liquid crystal molecules are twisted in two symmetric
directions. Therefore, the refractive anisotropy of the liquid
crystal molecules is compensated and color shift is pre-
vented. The picture quality is improved.

[0104] Furthermore, since counter and pixel electrodes are
made of transparent materials and the distance of both
electrodes is smaller than the widths of the respective
electrodes, the electric fields affect the liquid crystal mol-
ecules on the upper portions of the electrodes. Therefore, the
transmittance and aperture ratio of the liquid crystal display
are greatly improved.

[0105] Also, in general, a contrast distribution is
improved, in general, in a rubbing direction. The rubbing
direction in the present invention is at 90° or 180° which is
coincided with the user’s viewing direction. That mean, the
contrast in the viewer’s direction is remarkably improved.

[0106] Various other modifications will be apparent to and
can be readily made by those skilled in the art without
departing from the scope and spirit of the present invention

What is claimed is:
1. A liquid crystal display having high transmittance and
high aperture ratio comprising:

an upper and a lower substrate opposed each other to be
spaced apart;

a liquid crystal layer interposed between inner surfaces of
the upper and lower substrates, the liquid crystal layer
including a plurality of liquid crystal molecules;

a gate bus line and a data bus line formed in the lower
substrate in a matrix configuration and defining sub-
pixel regions;

a counter electrode formed on each sub-pixel region of the
lower substrate;

a pixel electrode formed on each sub-pixel region of the
lower substrate, wherein the counter electrode and the
pixel electrode form an electric field,

a thin film transistor formed at an intersection of the gate
bus line and the data bus line, and switching a signal
transmitted from the data bus line into the pixel elec-
trode when the gate bus line is selected; and

a homogeneous alignment layer formed on inner surfaces
of the upper and lower substrates,

wherein a first electric field is formed between the counter
and pixel electrodes of a selected sub-pixel among the
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sub-pixel regions, and the electric field is formed as a
diagonal line with respect to the gate bus line and the
data bus line,

wherein a second electric field is formed between the
counter electrode and the pixel electrode of another
sub-pixel adjacent to said selected sub-pixel, and the
second electric field is formed as a diagonal line to
make a symmetry with the first electric field.

2. The liquid crystal display of claim 1, wherein the
counter electrode and the pixel electrode are made of a
transparent conductor.

3. The liquid crystal display of claim 2, wherein a distance
between the counter and pixel electrodes is smaller than a
width of the same.

4. The liquid crystal display of claim 3, wherein the
widths of both counter and pixel electrodes are properly set
so that the liquid crystal molecules overlying the counter and
pixel electrodes are sufficiently aligned by the electric field
being generated between the counter and pixel electrodes.

5. The liquid crystal display of claim 1, wherein the
homogeneous alignment layer in the lower substrate is
rubbed in a direction which is parallel to the gate bus line or
the data bus line, and the homogeneous alignment layer in
the upper substrate is rubbed in a direction which is anti-
parallel to the homogeneous alignment layer in the lower
substrate.

6. The liquid crystal display of claim 5, further comprising
a polarizer on an outer surface of the lower substrate and an
analyzer on an outer surface of the upper substrate, wherein
a polarizing axis of the polarizer is coincided with the
rubbing axis of the homogeneous alignment layer on the
lower substrate, wherein the polarizing axis of the analyzer
is perpendicular to the polarizing axis of the polarizer.

7. The liquid crystal display of claim 1, wherein in case
an angle between the electric field and the polarizing axis is
in the range of 45~90°, a material of positive dielectric
anisotropy is used, and in case said angle is in the range of
0~45°, a material of negative dielectric anisotropy is used
for liquid crystal.

8. A liquid crystal display having high transmittance and
high aperture ratio comprising:

an upper and a lower substrate opposed to be spaced apart;

a liquid crystal layer interposed between inner surfaces of
the upper and lower substrates, the liquid crystal layer
including a plurality of liquid crystal molecules;

a gate bus line and a data bus line formed in the lower
substrate in a matrix configuration and defining sub-
pixel regions;

N3

counter electrode including a body of a rectangular
frame shape formed at each sub-pixel region and at
least a diagonal branch dividing a region surrounded by
the body;

I3

pixel electrode including a first electrode which is
formed to be overlapped with a selected portion of the
body of the counter electrode, and second electrodes
being extended from the first electrode and disposed
parallel to diagonal branches being formed at their
corresponding sub-pixels;

a thin film transistor formed at an intersection of the gate
bus line and the data bus line, and switching a signal

Dec. 19, 2002

transmitted from the data bus line into the pixel elec-
trode when the gate bus line is selected; and

a homogeneous alignment layer formed on inner surfaces
of the upper and lower substrates,

wherein the diagonal branches and the second electrodes
at a sclected sub-pixel region are extended as diagonal
lines with respect to the gate bus line and the data bus
line,

wherein other diagonal branches and second electrodes at
other sub-pixel regions adjoining in all directions to
said selected sub-pixel region are arranged to make a
symmetry together with the diagonal branches and the
second electrodes of the selected sub-pixel region,

wherein the counter and pixel electrodes are made of a
transparent conductor, and widths of the diagonal
branches of the counter electrode and the second elec-
trodes of the pixel electrodes are properly set so that the
electric field being generated between the counter and
pixel electrodes may affect the electrodes entirely.

9. The liquid crystal display of claim 8, wherein a distance
between the diagonal branches and the second electrodes is
smaller than widths of both electrodes.

10. The liquid crystal display of claim 8, wherein the
homogeneous alignment layer in the lower substrate is
rubbed in a direction which is parallel to the gate bus line or
the data bus line, and the homogeneous alignment layer in
the upper substrate is rubbed in a direction which is anti-
parallel to the homogeneous alignment layer on the lower
substrate.

11. The liquid crystal display of claim 8, further compris-
ing a polarizer on an outer surface of the lower substrate and
an analyzer on an outer surface of the upper substrate,
wherein a polarizing axis of the polarizer is coincided with
a rubbing axis of the homogeneous alignment layer in the
lower substrate, wherein the polarizing axis of the analyzer
is perpendicular to the polarizing axis of the polarizer.

12. The liquid crystal display of claim 8, wherein in case
an angle between an electric field being formed between said
diagonal branch of the counter electrode and said second
electrode of the pixel electrode and a polarizing axis is in the
range of 45~90°, a material of positive dielectric anisotropy
is used, and in case said angle is in the range of 0~45°, a
material of negative dielectric anisotropy is used for liquid
crystal.

13. Aliquid crystal display having high transmittance and
high aperture ratio comprising:

an upper and a lower substrate opposed to be spaced apart;

a liquid crystal layer interposed between inner surfaces of
the upper and lower substrates, the liquid crystal layer
including a plurality of liquid crystal molecules;

a gate bus line and a data bus line formed in the lower
substrate in a matrix configuration and defining sub-
pixel regions;

a counter electrode of a rectangular plate shape formed at
a sub-pixel region;

a pixel electrode including a first electrode formed to be
overlapped with a selected portion of the counter
electrode, and a second electrode being extended from
the first electrode in the form of a diagonal line;
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a thin film transistor formed at an intersection of the gate
bus line and the data bus line, and switching a signal
transmitted from the data bus line into the pixel elec-
trode when the gate bus line is selected; and

a homogeneous alignment layer formed on inner surfaces
of the upper and lower substrates,

wherein the second electrode within a selected sub-pixel
region extended as a diagonal line of the gate bus line
and the data bus line,

wherein the second electrode within other sub-pixel
regions adjoining in all directions to the selected sub-
pixel region is arranged to make a symmetry with the
selected sub-pixel region,

wherein the counter and pixel electrodes are made of a

transparent conductor.

14. The liquid crystal display of claim 13, wherein widths
of the second electrode of the pixel electrode and a selected
portion being exposed by the second electrode of the pixel
electrode are properly set so that the electric field being
generated between the counter and pixel electrodes may
affect the electrodes entirely.

15. The liquid crystal display of claim 13, wherein the
homogeneous alignment layer in the lower substrate is

Dec. 19, 2002

rubbed in a direction which is parallel to the gate bus line or
the data bus line, and the homogeneous alignment layer in
the upper substrate is rubbed in a direction which is anti-
parallel to the homogeneous alignment layer in the lower
substrate.

16. The liquid crystal display of claim 13, further com-
prising a polarizer on an outer surface of the lower substrate
and an analyzer on an outer surface of the upper substrate,
wherein a polarizing axis of the polarizer is coincided with
a rubbing axis of the homogeneous alignment layer on the
lower substrate, wherein the polarizing axis of the analyzer
is perpendicular to the polarizing axis of the polarizer.

17. The liquid crystal display of claim 13, wherein in case
an angle between an electric field being formed between said
branch of the counter electrode and said second electrode of
the pixel electrode, both formed in the selected sub-pixel
region and a polarizing axis is in the range of 15~90° a
material of positive dielectric anisotropy is used, and in case
said angle is in the range of 0~45°, a material of negative
dielectric anisotropy is used for liquid crystal.
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