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(57) ABSTRACT

A thin film transistor (TFT) substrate for a liquid crystal
display is provided. The thin film transistor substrate
includes: a plurality of gate lines and a plurality of data lines
that cross each other and define a plurality of sub-pixels; and
a plurality of unit pixels in which first and second unit pixels
are alternately formed in a direction of the gate lines and first
and second unit pixels are formed vertically in a direction of
the data lines, wherein the first unit pixel includes three
sub-pixels and the first electrodes are slanted with respect to
the gate lines and the data lines in each sub-pixel, the second
unit pixel includes three sub-pixels and the second elec-
trodes are a slanted with respect to the gate lines and the data
lines in each sub-pixel, and the slant of the second electrodes
is symmetrical to the slant of the first electrodes.
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THIN FILM TRANSISTOR SUBSTRATE FOR
LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korean
Patent Application No. 2006-0060448, filed on Jun. 30,
2006, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the invention

[0003] The present invention relates to a thin film transis-
tor (TFT) substrate for a liquid crystal display (LCD).
[0004] 2. Discussion of the Related Art

[0005] As information and telecommunication technolo-
gies advance, display devices for displaying images such as
televisions, computer monitors, and notebook computers,
etc., are increasingly used. Cathode ray tubes (CRTs) have
been commonly used for the display devices. However,
CRTs have the disadvantage of being heavy, and large.
[0006] Therefore, flat panel displays such as liquid crystal
displays (LCD), plasma display panels (PDP), and an
organic light emitting diodes (OLED), etc., are being used as
substitutes for the CRTs. Of these, LCDs are commonly used
with their advantages of high resolution, thin profile and the
ability to be fabricated in a small or large size.

[0007] The LCDs are devices for displaying images by
using electro-optical characteristics of liquid crystal mol-
ecules and can be divided into a twisted nematic (TN) mode
LCD, a vertically aligned (VA) mode LCD, and an in-plane
switching (IPS) mode LCD. The LCDs of each mode can
display images by controlling a light transmittance by
changing an arrangement of liquid crystal molecules accord-
ing to an applied voltage.

[0008] In the various modes of LCDs, the IPS mode LCD
receives much attention thanks to its advantageous charac-
teristics that it can implement a wide viewing angle so that
it has an excellent viewing angle at the side.

[0009] FIG. 1 is a plan view showing an IPS mode LCD
according to the related art.

[0010] With reference to FIG. 1, the related art IPS mode
LCD 1 includes a gate line, a data line, a unit pixel (P), and
a liquid crystal layer.

[0011] The gate line and the data line cross each other. In
this example, the gate line is formed in an x-axis direction
and the data line is formed in a y-axis direction.

[0012] A plurality of sub-pixels are defined as gate lines
and data lines cross each other.

[0013] The unit pixel (P) includes red, green, and blue
sub-pixels (R, G, and B), and unit pixels (P) are disposed
vertically and horizontally in the both directions along the
gate lines and data lines.

[0014] A pixel electrode 50 and a common electrode 60
are formed in parallel to the data line in each of the red,
green, and blue sub-pixels (R, G, and B) of the unit pixel.
The common electrode 60 forms in in-plane field (E)
together with the pixel electrode 50.

[0015] A liquid crystal layer is formed between a color
filter substrate 20 and a TFT substrate 30 that are separated
by a fixed gap and face each other. The color filter substrate
20 includes black matrixes and a plurality of color filters.
[0016] A liquid crystal layer is formed between the color
filter substrate 20 and the TFT substrate 30. Liquid crystal
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molecules 10 in the liquid crystal layer have a dielectric
constant anisotropy (Ae) and a refractive index anisotropy
(An).

[0017] In FIG. 1, ‘C’ indicates a rubbing axis of an
alignment film that determines an initial arrangement of the
liquid crystal molecules 10.

[0018] In the IPS mode LCD 1, the liquid crystal mol-
ecules 10 are uniformly arranged along the rubbing axis (C)
of the alignment film on the entire area of the LCD before
the in-plane fields (E) are formed between the pixel elec-
trodes 50 and the common electrodes 60.

[0019] When the in-plane fields (E) are formed between
the pixel electrodes 50 and the common electrodes 60, the
optical axes of the liquid crystal molecules 10 are uniformly
rotated to be parallel to the in-plane fields (E) between the
pixel electrodes 50 and the common electrodes 60.

[0020] Because of the characteristics of the liquid crystal
molecules 10 that are uniformly arranged according to the
formation of the in-plane fields (E) and have the refractive
index anisotropy (An), when the LCD 1 is viewed at a certain
tilt angle, it assumes an undesired color depending on a
direction of a viewing angle. This will be described in detail
with reference to equation (1):

=T, o*sinz(Zx)*sinz(n*And/h) [Equation 1]

wherein ‘1" is light transmittance, ‘T’ is light transmittance
with respect to the reference light, An is a refractive index
anisotropy, ‘d’is a cell gap, and A is a wavelength of incident
light.

[0021] According to Equation 1, when a phase difference
And changes, the wavelength of light incident to obtain a
maximum light transmittance (T) changes. Thus, as the
phase difference And changes, the LCD 1 assumes an
undesired color according to the direction of the viewing
angle.

[0022] Namely, the refractive index anisotropy An of the
liquid crystal molecules 10 differs in the direction (A) in
which the longer axes of liquid crystal molecules 10 are
viewed and in the direction (B) in which the shorter axes of
the liquid crystal molecules are viewed, so the wavelength
(M) of light incident to obtain the maximum light transmit-
tance (T) should change, and in this case, a color corre-
sponding to the wavelength (A) of incident light is mani-
fested in the LCD 1.

[0023] In detail, because the refractive index anisotropy
An relatively increases in the direction (A) in which the
longer axes of the liquid crystal molecules 10 are viewed,
the incident light wavelength (3.) is also relatively length-
ened, resulting in that a yellowish color having a relatively
long wavelength is displayed on the LCD 1.

[0024] Meanwhile, in the direction (B) in which the
shorter axes of the liquid crystal molecules 10 are viewed,
the refractive index anisotropy An relatively decreases, so
the wavelength (M) of light incident to reach the maximum
light transmittance (T) also is reduced, resulting in that
bluish color with a relatively short length is displayed on the
LCD 1.

[0025] The phenomenon where the yellow or blue color is
displayed at the certain azimuth angles is called a color shift
that leads to degradation of picture quality of the LCD 1.
[0026] In order to prevent the color shift, a technique has
been developed, in which each of the sub-pixels (R, G, and
B) are divided into two symmetrical domains and the pixel
electrodes 50 and the common electrodes 650 are symmetri-
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cally formed in the two domains to thus compensate for the
difference of refractive index anisotropy An.

[0027] However, this technique has a problem where the
liquid crystal molecules 10 at the boundaries of adjacent
domains cannot be controlled, so that the boundary regions
of adjacent domains must be overlapped with black matrixes
that degrades an aperture ratio.

SUMMARY OF THE INVENTION

[0028] Accordingly, the present invention is directed to a
thin film transistor substrate for a liquid crystal display that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0029] An advantage of the present invention is to provide
a thin film transistor (TFT) substrate for an LCD capable
compensating for a color shift.

[0030] Another advantage of the present invention is to
provide a TFT substrate for an LCD capable of having a high
aperture ratio.

[0031] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0032] To achieve these and other advantages and in
accordance with the present invention, as embodied and
broadly described, a TFT substrate for an LCD includes: a
plurality of gate lines and a plurality of data lines that cross
each other and define a plurality of sub-pixels; and a
plurality of unit pixels in which first and second unit pixels
are alternately formed in a direction of the gate lines and first
and second unit pixels are formed vertically in a direction of
the data lines, wherein the first unit pixel includes three
sub-pixels and the first electrodes are slanted with respect to
the gate lines and the data lines in each sub-pixel, the second
unit pixel includes three sub-pixels and the second elec-
trodes are a slanted with respect to the gate lines and the data
lines in each sub-pixel, and the slant of the second electrodes
is symmetrical to the slant of the first electrodes.

[0033] In another aspect of the present invention, an LCD
includes: a TFT substrate having first and second unit pixels
that are alternately located in a direction along gate lines and
also located vertically in a direction along data lines, the first
and second unit pixels in a matrix; a color filter substrate that
faces the TFT substrate; a liquid crystal layer between the
TFT substrate and the color filter substrate, wherein the first
unit pixel includes three sub-pixels and first electrodes slant
with respect to the gate lines and the data lines in each
sub-pixel, the second unit pixel includes three sub-pixels
and second electrodes slant with respect to the gate lines and
the data lines in each sub-pixel, and the slant of the second
electrodes is symmetrical to the slant of the first electrodes.
[0034] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are included
to provide a further understanding of the invention and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0036] In the drawings:

[0037] FIG. 1 is a plan view for explaining an in-plane
switching (IPS) mode liquid crystal display (LCD) accord-
ing to the related art.

[0038] FIG. 2 is a plan view for explaining an IPS mode
LCD according to a first embodiment of the present inven-
tion.

[0039] FIG. 3 is a plan view for explaining an IPS mode
LCD according to a second embodiment of the present
invention.

[0040] FIG. 4 is a plan view for explaining an IPS mode
LCD according to a third embodiment of the present inven-
tion.

[0041] FIG. 5 is a plan view for explaining an IPS mode
LCD according to a fourth embodiment of the present
invention.

[0042] FIG. 6 is a plan view showing a thin film transistor
substrate in FIG. 2.

[0043] FIG. 7 is a plan view showing first and second pixel
electrodes in FIG. 6.

[0044] FIG. 8 is a plan view showing first and second
common electrodes in FIG. 6.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0045] Reference will now be made in detail to an embodi-
ment of the present invention, examples of which is illus-
trated in the accompanying drawings.

[0046] A thin film transistor (TFT) substrate for a liquid
crystal display (LCD) according to the exemplary embodi-
ment of the present invention will be described in detail with
reference to the accompanying drawings.

[0047] FIG. 2 is a plan view for explaining an in-plane
switching (IPS) mode LCD according to a first embodiment
of the present invention.

[0048] InFIG. 2, a gate line, a data line and a TFT formed
on a TFT substrate are omitted in the illustration in order to
focus on explanation of the operation of the liquid crystal
molecules according to a first in-plane field formed by a first
pixel electrode and a first common electrode and a second
in-plane field formed by a second pixel electrode and a
second common electrode.

[0049] The first and second pixel electrodes and the first
and second common electrodes are schematically shown.
The structure of an IPS mode LCD according to a first
embodiment of the present invention will be described
before an explanation of the operation of the liquid crystal
molecules according to the first in-plane field formed by the
first pixel electrode and the first common electrode and the
second in-plane field formed by the second pixel electrode
and the second common electrode.

[0050] With reference to FIG. 2, an IPS mode LCD 100
according to the first embodiment of the present invention
includes a gate line, a data line, first and second unit pixels
(P1 and P2), and a liquid crystal layer.

[0051] The gate and data lines cross each other to define
a plurality of sub-pixels. The plurality of sub-pixels may
include red, green, and blue sub-pixels (R', G'. and B'). For
the present example, the gate lines are formed in an x-axis
direction, and the data lines are formed in a y-axis direction.
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[0052] The first and second unit pixels P1 and P2 are
alternately formed in a direction along the gate line and
formed vertically in a direction of the data line.

[0053] The first unit pixel P1 includes at least three
sub-pixels, among the plurality of pixels. The at least three
sub-pixels of the first unit pixel may include the red, green,
and blue sub-pixels (R', G', and B').

[0054] Each of the at least three sub-pixels of the first unit
pixel P1 includes a first pixel electrode 150 and a first
common electrode 160 that are formed such that they are not
parallel to the gate line and the data line. In other words, the
first pixel electrode 150 and the first common electrode 160
are slanted with respect to the data line and data line.
[0055] The first common electrode 160 may be formed in
a direction parallel to the first pixel electrode 150. Thus, the
first common electrode 160 may form a first in-plane field
E1 together with the first pixel electrode 150. Herein, the
first in-plane field E1 makes an angle of 180-0, to the x-axis.
[0056] The second unit pixel P2 comprises at least three
sub-pixels, among the plurality of sub-pixels. Herein, the at
least three sub-pixels of the second unit pixel may include
red, green, and blue sub-pixels (R', G', and B").

[0057] Each of the at least three sub-pixels of the second
unit pixel P2 includes a second pixel electrode 152 and a
second common electrode 162 formed such that they are not
parallel to the gate line and the data line.

[0058] The second pixel electrode 152 and the second
common electrode 162 are slanted with respect to the gate
line and data line. Herein, the slant of the second pixel
electrode 152 and the second common electrode 162 of the
second unit pixel P2 and the slant of the first pixel electrode
150 and the first common electrode 160 of the first unit pixel
P1 are symmetrical to each other.

[0059] The second common electrode 162 and the second
pixel electrode 152 may be formed in parallel. Thus, the
second common electrode 162 may form a second in-plane
field E2 together with the second pixel electrode 152.
[0060] The direction of the second in-plane field E2 of the
second unit pixel P2 is symmetrical to that of the first
in-plane field E1 of the first unit pixel P1.

[0061] Because the first unit pixels P1 are formed verti-
cally in the direction of the data line, the first pixel electrodes
150 may be adjacent to each other vertically based on the
gate line. In addition, the first common electrodes 160 may
be adjacent to each other in the vertical direction (in the
direction of the data line) based on the gate line.

[0062] The first pixel electrode 150 and the first common
electrode 160 may have the same slant with respect to the
gate line. Alternatively, the first pixel electrode 150 and the
first common electrode 160 may have the slant that is
symmetrical to the gate line.

[0063] In addition, because the second unit pixel P2 is
formed vertically in the direction of data line, the second
pixel electrodes 152 may be adjacent to each other up and
down (in the direction of the data line) based on the gate line.
[0064] In addition, the second common electrodes 162
may also be also adjacent to each other up and down (in the
direction of data line) based on the gate line. Herein, the
second pixel electrode 152 and the second common elec-
trode 162 may have the same slant with respect to the gate
lines. Alternatively, the second pixel electrode 152 and the
second common electrode 162 may have a slant symmetrical
to the gate line.
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[0065] The at least three sub-pixels of the first unit pixel
P1 and the at least three sub-pixels of the second pixel P2
may be the same based on the first and second unit pixels P1
and P2.

[0066] For example, when the first and second unit pixels
P1 and P2 include red, green, and blue sub-pixels R', G', and
B', respectively, red, green, and blue sub-pixels R', G', and
B' of the first and second unit pixels P1 and P2 may be
disposed in the order of red, green, and blue sub-pixels R',
(', and B' in the x-axis direction.

[0067] The liquid crystal layer is formed entirely between
the color filter substrate 120 and the TFT substrate 130 that
are separated with a gap therebetween and face each other.
Herein, the color filter substrate 120 includes a black matrix
that overlaps with at least one of the gate line, the data line
and the TFT, and a plurality of color filters (e.g., red, green,
and blue color filters) that overlap with the plurality of
sub-pixels.

[0068] Because the liquid crystal layer is entirely formed
between the color filter substrate 120 and the TFT substrate
130, the liquid crystal layer is formed in the at least three
sub-pixels of the first unit pixel P1 and the at least three
sub-pixels of the second unit pixel P2. The liquid crystal
molecules 110 forming the liquid crystal layer have a
dielectric constant anisotropy (Ae) and a refractive index
anisotropy (An). Herein, the dielectric constant anisotropy
(A€) may be positive.

[0069] In FIG. 2, C' indicates a rubbing axis of an align-
ment film which determines an initial arrangement of the
liquid crystal molecules 110 and is formed on the color filter
substrate 120 and the TFT substrate 130, respectively.
[0070] Herein, the rubbing axis C' may correspond to a
polarization axis of a lower polarization plate formed on an
outer surface of the TFT substrate 130 and may be perpen-
dicular to a polarization axis of an upper polarization plate
formed on an outer surface of the color filter substrate.
[0071] The operation of the liquid crystal molecules 110
according to the first and second in-plane fields E1 and E2
in the IPS mode LCD 100 according to the first embodiment
of the present invention as described above will be described
in detail. First, when the first in-plane fields E1 are not
formed between the first pixel electrodes 150 and the first
common electrodes 160 and when the second in-plane fields
E2 are not formed between the second pixel electrodes 152
and the second common electrodes 162, the liquid crystal
molecules 110 are arranged such that their longer axes
correspond to the rubbing axis C'.

[0072] Then, when light, which has passed through the
lower polarization plate, passes through the liquid crystal
molecules 110, its polarization state does not change.
Accordingly, because the light which has passed through the
liquid crystal molecules 110 cannot pass through the upper
polarization plate perpendicular to the polarization axis of
the lower polarization plate, the LCD 100 displays a black
state.

[0073] When the first in-plane fields E1 is formed as a
voltage difference is applied between the first pixel elec-
trodes 150 and the first common electrode 160 and when the
second in-plane fields E2 is formed as a voltage difference
is applied between the second pixel electrodes 152 and the
second common electrodes 162, the first in-plane field E1
with an angle of 180-0, to the x axis is formed at the first unit
pixel P1, and the second in-plane field E2 making an angle
of 0, to the x axis is formed at the second unit pixel P2.
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[0074] The angle 6, between the polarization axis of the
lower polarization plate identical to the rubbing axis C' of
the alignment film and the first and second in-plane fields E1
and E2 can be between about 45° and about 90°. This is to
satisfy the maximum transmittance of the LCD 100. In other
words, when the angle 01 between the polarization axis of
the lower polarization plate and the first and second in-plane
fields E1 and E2 is between about 45° and about 90°, the
liquid crystal molecules 110 with the positive dielectric
constant anisotropy (A¢) may be arranged such that their
longer axes are parallel to the first and second in-plane fields
El and E2. Because the liquid crystal molecules 110 can
sufficiently rotate to the angle of about 45°, the LCD may
display a white state with the maximum light transmittance.

[0075] The rotational direction of the liquid crystal mol-
ecules 110 of the liquid crystal layer of the at least three
sub-pixels of the second unit pixel P2 and that of the liquid
crystal molecules 110 of the liquid crystal layer of the at
least three sub-pixels of the first unit pixel P1 are in opposite
directions.

[0076] While the liquid crystal molecules 110 of the liquid
crystal layer of the at least three sub-pixels of the first unit
pixel P1 rotate clockwise by the first in-plane field E1, the
liquid crystal molecules 110 of the liquid crystal layer of the
at least three sub-pixels of the second unit pixel P2 rotate
counterclockwise by the second in-plane field E2 that is
symmetrical to the first in-plane field E1. Accordingly, a
difference of the refractive index anisotropy An between the
liquid crystal molecules 110 of the first and second unit
pixels P1 and P2 may be compensated. In this case, the
difference of the refractive index anisotropy An of the liquid
crystal molecules 110 at the at least three sub-pixels of the
second unit pixel P1 that correspond to the at least three
sub-pixels of the first unit pixel P1 may be compensated.

[0077] For example, the difference of the refractive index
anisotropy An of the liquid crystal molecules 110 between
the red sub-pixels R' of each of the first and second unit
pixels P1 and P2 may be compensated, the difference of the
refractive index anisotropy An of the liquid crystal mol-
ecules 110 between the green sub-pixels G' of each of the
first and second unit pixels P1 and P2 may be compensated,
and the difference of refractive index anisotropy An of the
liquid crystal molecules 110 between the blue sub-pixels B'
of each of the first and second unit pixels P1 and P2 may be
compensated.

[0078] At the side of the first and second unit pixels P1 and
P2, the liquid crystal molecules 110 rotate in the same
direction, but because the eyes of users of the LCD 100 are
not sensitive enough to recognize each of the first and
second unit pixels P1 and P2, the user cannot actually notice
a color shift phenomenon.

[0079] In addition, there is no domain division at each of
the plurality of sub-pixels. Because only one domain is
formed at each of the plurality of sub-pixels, the black
matrix can overlap with at least one of the gate line, the data
line, and the TFT to thus improve an aperture ratio.

[0080] FIG. 3 is a plan view for explaining an IPS mode
LCD according to a second embodiment of the present
invention. The TIPS mode LCD according to the second
embodiment of the present invention has the same structure
as that of the first embodiment of the present invention
except for the location of a plurality of sub-pixels, so only
its characteristics will be described.
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[0081] With reference to FIG. 3, the IPS mode LCD 100
according to the second embodiment of the present inven-
tion includes a gate line, a data line, first and second unit
pixels P1 and P2, and a liquid crystal layer.

[0082] In the IPS mode LCD 100 according to the second
embodiment of the present invention, at least three sub-
pixels of the first unit pixel P1 and at least three sub-pixels
of the second unit pixel P2 are disposed to be symmetrical
to each other between the first and second unit pixels P1 and
P2. For example, when the first and second unit pixels P1
and P2 comprise red, green, and blue sub-pixels R', G', and
B', respectively, the red, green, and blue sub-pixels R', G,
and B' of the first unit pixel P1 may be disposed in the order
of red, green, and blue sub-pixels R', G', and B' in the x-axis
direction. Meanwhile, the red, green, and blue sub-pixels R',
G, and B' of the second unit pixel P2 may be disposed in the
reverse order of the disposition order at the first unit pixel
P1, namely, in the order of blue, green, and red sub-pixels B',
G', and R' in the x-axis direction.

[0083] The liquid crystal molecules 110 of each of the
liquid crystal layer in the at least three sub-pixels of the first
unit pixel P1 rotate clockwise by the first in-plane field E1
formed between the first pixel electrodes 150 and the first
common electrodes 160. The liquid crystal molecules 110 of
the liquid crystal layer in the at least three sub-pixels of the
second unit pixel P2 are symmetrical to the first in-plane
field E1 and rotate counterclockwise by the second in-plane
field E2 formed between the second pixel electrodes 152 and
the second common electrodes 162. Accordingly, a differ-
ence of the refractive index anisotropy An of the liquid
crystal molecules 110 between the first and second unit
pixels P1 and P2 is compensated. In this case, the difference
of the refractive index anisotropy An of the liquid crystal
molecules 110 at the at least three sub-pixels of the second
unit pixel P1 that correspond to the at least three sub-pixels
of the first unit pixel P1 may be compensated.

[0084] At the side of the first and second unit pixels P1 and
P2, the liquid crystal molecules 110 rotate in the same
direction, but the user cannot actually notice a color shift
phenomenon.

[0085] Also, because there is no domain division at each
of the plurality of sub-pixels, the black matrix may overlap
with at least one of the gate line, the data line, and the TFT
to thus improve an aperture ratio.

[0086] FIG. 4 is a plan view for explaining an IPS mode
LCD according to a third embodiment of the present inven-
tion.

[0087] The IPS mode LCD according to the third embodi-
ment of the present invention has the same structure as that
of the first embodiment of the present invention except for
an angle made by the polarization axis of the lower polar-
ization plate and the first and second in-plane fields and a
dielectric constant anisotropy of liquid crystal molecules, so
only its characteristics will be described.

[0088] With reference to FIG. 4, the IPS mode LCD 100
according to the third embodiment of the present invention
includes a gate line, a data line, first and second unit pixels
P1 and P2, and a liquid crystal layer.

[0089] The liquid crystal layer is formed entirely between
the color filter substrate 120 and the TFT substrate 130
which are separated with a gap and face each other. The
liquid crystal layer is formed in the at least three sub-pixels
of the first unit pixel P1 and the at least three sub-pixels of
the second unit pixel P2. The liquid crystal molecules 110
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forming the liquid crystal layer have a dielectric constant
anisotropy (Ae) and a refractive index anisotropy (An). The
dielectric constant anisotropy (Ae) may be negative.
[0090] In the LCD 100 according to the third embodiment
of the present invention, when the first in-plane fields E1 are
formed as a voltage difference is applied between the first
pixel electrodes 150 and the first common electrode 160 and
when the second in-plane fields E2 are formed as a voltage
difference is applied between the second pixel electrodes
152 and the second common electrodes 162, the first in-
plane field E1 with an angle of 180-8, to the x axis is formed
at the first unit pixel P1, and the second in-plane field E2
with an angle of 6, to the x axis is formed at the second unit
pixel P2.

[0091] The angle 6, between the polarization axis of the
lower polarization plate is identical to the rubbing axis C' of
the alignment film and the first and second in-plane fields E1
and E2 can be between about 1° and about 45°. This is to
satisfy the maximum transmittance of the LCD 100.
[0092] In other words, when the angle 0, between the
polarization axis of the lower polarization plate and the first
and second in-plane fields E1 and E2 is between about 1°
and about 45°, the liquid crystal molecules 110 with the
negative dielectric constant anisotropy (Ae) may be arranged
such that their shorter axes are parallel to the first and second
in-plane fields E1 and E2. In this case, because the liquid
crystal molecules 110 may be sufficiently rotated at the angle
of about 45°, the LCD may display a white state with the
maximum light transmittance.

[0093] In this case, at the side of the first and second unit
pixels P1 and P2, the liquid crystal molecules 110 rotate in
the same direction, but because the rotational direction of the
liquid crystal molecules 110 of the liquid crystal layer of the
at least three sub-pixels of the second unit pixel P2 and that
of the liquid crystal molecules 110 of the liquid crystal layer
of the at least three sub-pixels of the first unit pixel P1 are
the opposite, the user cannot actually notice a color shift
phenomenon.

[0094] In addition, because there is no domain division at
each of the plurality of sub-pixels, the aperture ratio may be
improved by overlapping the black matrix with at least one
of the gate line, the data line, and the TFT to thus improve
an aperture ratio.

[0095] FIG. 5 is a plan view for explaining an IPS mode
LCD according to a fourth embodiment of the present
invention. The TIPS mode LCD according to the fourth
embodiment of the present invention has the same structure
as that of the third embodiment of the present invention
except for the location of a plurality of sub-pixels, so only
its characteristics will be described.

[0096] With reference to FIG. 5, the IPS mode LCD 100
according to the fourth embodiment of the present invention
includes a gate line, a data line, first and second unit pixels
P1 and P2, and a liquid crystal layer.

[0097] In the IPS mode LCD 100 according to the fourth
embodiment of the present invention, at least three sub-
pixels of the first unit pixel P1 and at least three sub-pixels
of the second unit pixel P2 are disposed to be symmetrical
to each other between the first and second unit pixels P1 and
p2.

[0098] For example, when the first and second unit pixels
P1 and P2 comprise red, green, and blue sub-pixels R', G,
and B, respectively, the red, green, and blue sub-pixels R',
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G', and B' of the first unit pixel P1 may be disposed in the
order of red, green, and blue sub-pixels R', G', and B' in the
x-axis direction.

[0099] Meanwhile, the red, green, and blue sub-pixels R',
@', and B' of the second unit pixel P2 may be disposed in the
reverse order versus the first unit pixel P1, namely, in the
order of blue, green, and red sub-pixels B', G', and R' in the
x-axis direction.

[0100] At theside of the first and second unit pixels P1 and
P2, the liquid crystal molecules 110 rotate in the same
direction, but because the rotational direction of the liquid
crystal molecules 110 of the liquid crystal layer of the at
least three sub-pixels of the second unit pixel P2 and that of
the liquid crystal molecules 110 of the liquid crystal layer of
the at least three sub-pixels of the first unit pixel P1 are
opposite to one another, the user cannot actually notice a
color shift phenomenon.

[0101] In addition, because there is no domain division at
each of the plurality of sub-pixels, the aperture ratio may be
improved by overlapping the black matrix with at least one
of the gate line, the data line, and the TFT to thus improve
an aperture ratio.

[0102] FIG. 6 is a plan view showing a thin film transistor
substrate in FIG. 2, FIG. 7 is a plan view showing first and
second pixel electrodes in FIG. 6, and FIG. 8 is a plan view
showing first and second common electrodes in FIG. 6. FIG.
6 illustrates the TFT substrate in FIG. 2 in more detail. The
TFT substrates of the IPS mode LCDs of the FIGS. 3, 4, and
5 is similar to that as shown in FIG. 6, a detailed description
for them will be omitted.

[0103] With reference to FIGS. 6 to 8, the TFT substrate
130 of the LCD 100 includes a gate line 132, a data line 134,
and first and second unit pixels P1 and P2.

[0104] The gate line 132 provides a gate ON/OFF voltage
from a driving circuit unit to a gate electrode 136. The gate
line 132 may be made of a material such as Cr or a Cr alloy,
Al or an Al alloy, Mo or an Mo alloy, Ag or an Ag alloy, Cu
or a Cu alloy, Ti or a Ti alloy, and Ta or a Ta alloy, etc., and
may be formed in one or more lavers.

[0105] The data line 134 provides a data voltage provided
from a driving circuit unit to a source electrode 138. The
data line may be made of a material such as Cr or a Cr alloy,
Al or an Al alloy, Mo or an Mo alloy, Ag or an Ag alloy, Cu
or a Cu alloy, Ti or a Ti alloy, and Ta or a Ta alloy, etc., and
may be formed in one or more layers.

[0106] Herein, the data line 134 is insulated from the gate
line 132 by a gate insulation layer interposed between the
data line 134 and the gate line 132 and crosses the gate line
132. Namely, as stated above, the gate line 132 and the data
line 134 are formed in the x-axis direction and y-axis
direction, respectively, to thus define a plurality of sub-
pixels.

[0107] The first and second unit pixels P1 and P2 include
the TFT, the first and second pixel electrodes 150 and 152,
and the first and second common electrodes 160 and 162,
respectively.

[0108] The TFT is formed in each of the plurality of
sub-pixels and serves as a switching element by being turned
on or off by the gate ON/OFF voltage from the gate line 132.
[0109] When the TFT is turned on, it provides the data
voltage from the data line 134 to the first and second pixel
electrodes 150 and 152. For this purpose, the TFT includes
a gate electrode 136 connected with the gate line 132, a
source electrode 138 connected with the data line 134, a
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drain electrode 140 connected with the first and second pixel
electrodes 150 and 152, and an active layer for forming a
channel and an ohmic contact layer formed on the active
layer. The active layer and the ohmic contact layer overlaps
with the gate electrode 136 and/or the gate line 132 with the
gate insulation layer interposed therebetween.

[0110] The first and second pixel electrodes 150 and 152
apply the data voltage from the drain electrode 140 to the
liquid crystal layer, respectively. The first and second pixel
electrodes 150 and 152 may be made of a transparent
conductive material such as indium tin oxide (ITO) or
indium zinc oxide (IZO), respectively. Other characteristics
of the first and second pixel electrodes 150 and 152 are the
same as those described above, so a detailed description
therefor will be omitted.

[0111] The first and second common electrodes 160 and
162 apply a common voltage provided from a common
electrode line 164 connected thereto, to the liquid crystal
layer, respectively. The first and second common electrodes
160 and 162 may be made of the same material on the same
plane on which the gate line 132 is formed or may be made
of the same material on the same plane with the first and
second pixel electrodes 150 and 162. Herein, other charac-
teristics of the first and second common electrodes 160 and
162 are the same as those described above, so a detailed
description therefor will be omitted.

[0112] According to the present invention, a color shift
phenomenon may be prevented and the aperture ratio may
be enhanced.

[0113] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A thin film transistor (TFT) substrate for a liquid crystal
display, comprising:

a plurality of gate lines and a plurality of data lines that
cross each other and define a plurality of sub-pixels;
and

a plurality of unit pixels in which first and second unit
pixels are alternately formed in a direction of the gate
lines and first and second unit pixels are formed vet-
tically in a direction of the data lines,

wherein the first unit pixel includes three sub-pixels and
the first electrodes are slanted with respect to the gate
lines and the data lines in each sub-pixel,

the second unit pixel includes three sub-pixels and the
second electrodes are a slanted with respect to the gate
lines and the data lines in each sub-pixel, and

the slant of the second electrodes is symmetrical to the
slant of the first electrodes.

2. The substrate of claim 1, wherein the first and second

electrodes are first and second pixel electrodes.

3. The substrate of claim 2, wherein the three sub-pixels
of the first unit pixel includes a first common electrode
parallel to the first pixel electrode and that forms an in-plane
field together with the first pixel electrode.

4. The substrate of claim 3, wherein the three sub-pixels
of the second unit pixel includes a second common electrode
parallel to the second pixel electrode and that forms an
in-plane field together with the second pixel electrode.
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5. The substrate of claim 4, further comprising:

a liquid crystal layer formed in each of the three sub-
pixels of the first unit pixel and in each of the three
sub-pixels of the second unit pixel.

6. The substrate of claim 5, wherein liquid crystal mol-
ecules of the liquid crystal of each of the three sub-pixels of
the first unit pixel rotate in the same direction due to a first
in-plane field, liquid crystal molecules of the liquid crystal
of each of the three sub-pixels of the second unit pixel rotate
in the same direction due to a second in-plane field, and the
rotational direction of the liquid crystal molecules of the
liquid crystal of each of the three sub-pixels of the second
unit pixel is the opposite to that of the liquid crystal
molecules of the liquid crystal of each of the three sub-pixels
of the first unit pixel.

7. The substrate of claim 1, wherein the first electrodes
adjacent vertically along the gate lines have the same slant
with respect to the gate lines.

8. The substrate of claim 7, wherein the second electrodes
adjacent vertically along the gate lines have the same slant
with respect to the gate lines.

9. The substrate of claim 1, wherein the first electrodes
adjacent vertically along the gate lines have a slant sym-
metrical about the gate lines.

10. The substrate of claim 9, wherein the second elec-
trodes adjacent vertically along the gate lines have a slant
symmetrical about the gate lines.

11. The substrate of claim 1, wherein the three sub-pixels
of the first and second unit pixels are located in the same
order.

12. The substrate of claim 1, wherein the three sub-pixels
of the first and second unit pixels are located in a symmetri-
cal order to each other.

13. The substrate of claim 1, wherein the three sub-pixels
of the first and second unit pixels include red, green, and
blue sub-pixels.

14. A liquid crystal display (LCD) comprising:

a TFT substrate having first and second unit pixels that are
alternately located in a direction along gate lines and
also located vertically in a direction along data lines,
the first and second unit pixels in a matrix;

a color filter substrate that faces the TFT substrate;

a liquid crystal layer between the TFT substrate and the
color filter substrate,

wherein the first unit pixel includes three sub-pixels and
first electrodes slant with respect to the gate lines and
the data lines in each sub-pixel,

the second unit pixel includes three sub-pixels and second

electrodes slant with respect to the gate lines and the
data lines in each sub-pixel, and

the slant of the second electrodes is symmetrical to the

slant of the first electrodes.

15. The LCD of claim 14, wherein the first and second
electrodes are first and second pixel electrodes.

16. The LCD of claim 15, wherein the three sub-pixels of
the first unit pixel includes a first common electrode parallel
to the first pixel electrode and that forms an in-plane field
together with the first pixel electrode.
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17. The LCD of claim 16, wherein the three sub-pixels of
the second unit pixel includes a second common electrode
parallel to the second pixel electrode and that forms an
in-plane field together with the second pixel electrode.

18. The LCD of claim 14, wherein the first electrodes
adjacent up and down based on the gate line are formed in
the same slant line direction with respect to the gate line.

19. The LCD of claim 18, wherein the second electrodes
adjacent vertically along the gate lines have the same slant
with respect to the gate lines.

20. The LCD of claim 14, wherein the first electrodes
adjacent vertically along the gate lines have a slant sym-
metrical about the gate lines.
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21. The LCD of claim 20, wherein the second electrodes
adjacent vertically along the gate lines have a slant sym-
metrical about the gate lines.

22. The LCD of claim 14, wherein the three sub-pixels of
the first and second unit pixels are located in the same order.

23. The LCD of claim 14, wherein the three sub-pixels of
the first and second unit pixels are located in a symmetrical
order to each other.

24. The substrate of claim 14, wherein the three sub-pixels
of the first and second unit pixels include red, green, and
blue sub-pixels.
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