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FRINGE FIELD SWITCHING LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a fringe field
switching liquid crystal display (hereinafter, simply referred
to as “FFS-LCD”), and more particularly to an FFS-LCD
capable of preventing a misalignment of liquid crystal
molecules caused by rubbing pressure in an FFS-LCD pixel
structure, thereby preventing a display fault.

[0003] 2. Description of the Prior Art

1. Field of the Invention

[0004] As generally known in the art, conventional thin-
film liquid crystal displays (LCDs) are used as information
display apparatuses, such as information display screens of
portable terminals, displayers of notebook PCs, monitors of
lap top computers, etc. Particularly, such liquid crystal
displays have been widely used in various industrial fields in
replacement of conventional CRT (cathode ray tube) moni-
tors.

[0005] FIG. 1 s aplan view for illustrating a conventional
FFS-LCD.

[0006] In addition, FIG. 2 is a view for showing a shape
of a pixel electrode and a state of liquid crystal when an
electric field is applied to the pixel electrode in the conven-
tional FFS-LCD.

[0007] As shown in FIG. 1, the conventional FFS-LCD 1
includes a pixel electrode 7 which is formed on the upper
surface of a common electrode 4. The pixel electrode 7 has
a slit pattern. Herein, it is recommended that an edge portion
of the pixel electrode 7 should be formed in a constant angle
of incline, but in actuality, as shown in FIG. 2, the edge
portion of the pixel electrode 7 is formed in a curved line
shape due to limitations of an exposure process.

[0008] In FIG. 1, reference numeral ‘2’ represents a gate
line, reference numeral ‘3’ represents a data line, and ref-
erence numerals 5 and 6 represent source and drain elec-
trodes respectively.

[0009] FIG. 3A is a view for showing a state of liquid
crystal when an electric field is not applied to the pixel
electrode, and FIG. 3B is a view for showing a state of the
liquid crystal when a high electric field is applied to the pixel
electrode. In addition, FIG. 3C is a view for showing a fault
state of the liquid crystal which is caused by a misalignment
of liquid crystal resulting from a high electric field and/or
rubbing pressure.

[0010] Meanwhile, FIG. 4 is a view for explaining a
problem which exists in the conventional FFS-LCD.

[0011] The operation of the conventional FFS-LCD hav-
ing such a construction is as follows.

[0012] When any electric field is not formed at the com-
mon electrode and the pixel electrode, liquid crystal 8 is
horizontally aligned as shown in FIG. 3A. In FIG. 3A, an
arrow represents a rubbing direction.

[0013] Meanwhile, when a low electric field is applied, the
liquid crystal is twisted by a few angles from the horizontal
direction, and when a middle-degree electric field is applied,
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the liquid crystal is twisted by a little more degrees than
those caused when the low electric field is applied.

[0014] In addition, as shown in FIGS. 2 and 3B, when a
high electric field is applied to the liquid crystal 8, molecules
of the liquid crystal 8 are twisted in such a manner that
twisting angles of the molecules become enlarged more and
more, to a right angle in maximum, as they reach the end part
of an edge portion of the pixel electrode having a curved line
shape due to an electric field interference between a black
matrix (oot shown) and the pixel electrode 7, so that the
molecules of the liquid crystal 8 are vertically aligned at the
end part of the edge portion. Since such an alignment may
exert an influence on rubbing pressure, as shown in FIG. 3C,
a circle phenomenon generated in the edge portion of the
pixel electrode complicates the mobility of the liquid crystal
according to applied voltages, thereby causing a fault due to
a misalignment of liquid crystal when rubbing pressure is
applied in a white gradation state.

[0015] That is, as shown in FIGS. 3C and 4, when
rubbing pressure is applied under the white gradation state,
the liquid crystal may not return to an initial alignment state,
so a rubbing trace, that is, disclination lines 9 may occur.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention has been made
to solve the above-mentioned problems occurring in the
prior art, and an object of the present invention is to provide
a fringe field switching liquid crystal display, in which an
edge portion of a pixel electrode is changed from a curved
line shape into a linear line shape so as to correct a
misalignment of liquid crystal, thereby preventing a rubbing
trace, such as a disclination line, from being created in the
edge portion of the pixel electrode.

[0017] Inorder to accomplish this object, there is provided
a fringe field switching liquid crystal display comprising: a
black matrix formed on an upper substrate; a pixel electrode
formed above a lower substrate and having an edge portion
overlapped with the black matrix by a predetermined region;
and liquid crystal interposed between the upper substrate
and the lower substrate, wherein the edge portion of the
pixel electrode has a linear line shape.

[0018]

a structure having two ‘ T ’-shaped protrusions protruding
in opposition to each other.

[0019] The edge portion has a structure having a width,
which becomes enlarged more and more in a direction of an
end part of the edge portion.

[0020] The edge portion is aligned in parallel to a central
portion of the pixel electrode, and an end part of the edge
portion is inclined by a predetermined angle with respect to
the central portion.

[0021] The edge portion of the pixel electrode is aligned
such that the edge portion is inclined at an angle of 5° to 9°
with respect to the central portion of the pixel electrode.

[0022] The edge portion includes a structure having an end
part, which is bent by 9° to 12° with respect to the pixel
electrode.

[0023] In accordance with another aspect of the present
invention, there is provided a fringe field switching liquid

The linear line shape includes a wedge shape and
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crystal display comprising: a black matrix formed on an
upper substrate; a pixel electrode formed above a lower
substrate, an edge portion of the pixel electrode being
overlapped with the black matrix by a predetermined region;
and liquid crystal interposed between the upper substrate
and the lower substrate, wherein the edge portion of the
pixel electrode has a linear line shape and is aligned in such
a manner that the edge portion is inclined by a predeter-
mined angle with respect to a central portion of the pixel
electrode.

[0024] The edge portion includes a structure having an end
part, which is bent by 9° to 12° with respect to the edge
portion of the pixel electrode.

[0025] The edge portion has a structure having a width,
which becomes enlarged more and more in a direction of one
side of the edge portion.

[0026] The edge portion is aligned such that the edge
portion is inclined at an angle of 5° to 9° with respect to the
central portion of the pixel electrode.

[0027] In accordance with still another aspect of the
present invention, there is provided a fringe field switching
liquid crystal display comprising: a black matrix formed on
an upper substrate; a pixel electrode formed above a lower
substrate, an edge portion of the pixel electrode being
overlapped with the black matrix by a predetermined region;
and liquid crystal interposed between the upper substrate
and the lower substrate, wherein the edge portion of the
pixel electrode has a linear line shape and is aligned in such
a manner that the edge portion is inclined by a predeter-
mined angle with respect to a central portion of the pixel
electrode.

[0028] The linear line shape includes a wedge shape and

a structure having two ‘ T=’-shaped protrusions protruding
in opposition to each other.

[0029] The edge portion is aligned such that an end part of
the edge portion is inclined at an angle of 9° to 12° with
respect to the edge portion of the pixel electrode.

[0030] The edge portion has a structure having a width,
which becomes enlarged more and more in a direction of one
side of the edge portion.

[0031] The edge portion is aligned such that the edge
portion is inclined at an angle of 5° to 9° with respect to the
central portion of the pixel electrode.

[0032] In accordance with still another aspect of the
present invention, there is provided a fringe field switching
liquid crystal display comprising: a black matrix formed on
an upper substrate; a pixel electrode formed above a lower
substrate, an edge portion of the pixel electrode being
overlapped with the black matrix by a predetermined region;
and liquid crystal interposed between the upper substrate
and the lower substrate, wherein the edge portion of the
pixel electrode has a linear line shape while the edge portion
is aligned in such a manner that the edge portion is inclined
by a predetermined angle with respect to a central portion of
the pixel electrode, and the edge portion has a structure
having of an end part, a side face of which is inclined.

[0033] The linear line shape includes a wedge shape and

a structure having two ‘ T=’-shaped protrusions protruding
in opposition to each other.
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[0034] The end part of the edge portion is aligned to be
inclined at an angle of 9° to 12° with respect to the edge
portion of the pixel electrode.

[0035] The edge portion has a structure having a width,
which becomes enlarged more and more in a direction of an
end part of the edge portion.

[0036] The edge portion is aligned such that the edge
portion is inclined at an angle of 5° to 9° with respect to the
central portion of the pixel electrode.

[0037] The edge portion of the pixel electrode forms
mixed angles including a first angle larger than an angle
defined between a central portion of the pixel electrode and
a rubbing direction and a second angle smaller than the angle
defined between the central portion of the pixel electrode
and the rubbing direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0039] FIG.1is aplan view for illustrating a conventional
FFS-LCD;
[0040] FIG. 2 is a view for showing a shape of a pixel

electrode and a state of liquid crystal when an electric field
is applied to the pixel electrode;

[0041] FIG. 3A is a view for showing a state of liquid
crystal when an electric field is not applied to the pixel
electrode;

[0042] FIG. 3B is a view for showing a state of liquid
crystal when a high electric field is applied to the pixel
clectrode;

[0043] FIG.3Cisaview for showing a fault state of liquid
crystal in which a liquid crystal alignment is distorted due to
a high electric field and/or rubbing pressure;

[0044] FIG. 4 is a view for explaining a problem of a
conventional FFS-LCD;

[0045] FIG. 5 is a sectional view illustrating a fringe field
switching liquid crystal display according to an embodiment
of the present invention;

[0046] FIG. 6 is a plan view for schematically illustrating
a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a first embodiment of the present
invention;

[0047] FIGS. 7 and 8 are plan views for schematically
illustrating shapes of edge portions of pixel electrodes in
FFS-LCDs according to a second embodiment of the present
invention;

[0048] FIG. 9 is a plan view for schematically illustrating
a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a third embodiment of the present
invention;

[0049] FIG. 10 is a plan view for schematically illustrat-
ing a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a fourth embodiment of the present
invention; and
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[0050] FIG. 11 is a plan view for schematically illustrat-
ing a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a fifth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompa-
nying drawings. In the following description and drawings,
the same reference numerals are used to designate the same
or similar components, and so repetition of the description
on the same or similar components will be omitted.

[0052] FIG. 5 is a sectional view illustrating a fringe field
switching liquid crystal display (hereinafter, simply referred
to as “FFS-LCD”) according to an embodiment of the
present invention.

[0053] As shown in FIG. 5, a FFS-LCD according to the
present invention includes a common electrode 21 formed
on a lower substrate 20, a pixel electrode 25 formed above
the common electrode 21, a black matrix 31 formed on an
upper substrate 30. Herein, a predetermined region of the
black matrix 31 formed on the upper substrate 30 is over-
lapped over an edge portion of the pixel electrode 25 formed
above the lower substrate 20. In addition, liquid crystal (not
shown) is interposed between the two substrates.

[0054] The edge portion of the pixel electrode 25 is
formed 1in a linear line shape. Herein, material of the pixel
electrode 25 includes a TCO, a metal, a metal under a gel or
a sol state, or a highly conductive polymer.

[0055] FIG. 6 is a plan view for schematically illustrating
a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a first embodiment of the present
invention.

[0056] As shown in FIG. 6, according to the first embodi-
ment of the present invention, an edge portion 254 of the
pixel electrode 25 having a linear line shape may be formed
in a wedge shape A. Herein, the edge portion of the pixel
electrode 25, which has the wedge shape A, may be aligned
in line with a central portion of the pixel electrode 25 as
shown in FIG. 6, or may be inclined from the central portion
of the pixel electrode by a predetermined angle, which is not
shown.

[0057] FIGS. 7 and 8 are plan views for schematically
illustrating shapes of edge portions of pixel electrodes in
FFS-LCDs according to a second embodiment of the present
invention.

[0058] As shown in FIG. 7, according to the second
embodiment of the present invention, an edge portion 25a of
the pixel electrode 25 having a linear line shape includes a
structure B, an end part of which is formed by

two ‘= -shaped patterns protruding in opposition to each
other. In addition, in the structure B having two ‘ ©=’-shaped
patterns at the end part thereof, one side of each  T=’-shaped
pattern may be inclined as shown in FIG. §.

[0059] FIG. 9 is a plan view for schematically illustrating
a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a third embodiment of the present
invention.
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[0060] As shown in FIG. 9, according to the third embodi-
ment of the present invention, an edge portion 25« of the
pixel electrode 25, which has a linear line shape, may be
formed in a structure C in which one side face is inclined.

[0061] FIG. 10 is a plan view for schematically illustrat-
ing a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a fourth embodiment of the present
invention.

[0062] As shown in FIG. 10, according to the fourth
embodiment of the present invention, an edge portion 25¢ of
the pixel electrode 25, which has a linear line shape, may
include a structure D which is aligned in parallel to a central
portion of the pixel electrode and has an end part bent by 9°
to 12°.

[0063] FIG. 11 is a plan view for schematically illustrat-
ing a shape of an edge portion of a pixel electrode in an
FFS-LCD according to a fifth embodiment of the present
Invention.

[0064] As shown in FIG. 11, according to the fifth
embodiment of the present invention, an edge portion 25a of
the pixel electrode 25, which has a linear line shape, may be
formed in a structure having a width, which becomes
enlarged more and more towards the end part of the pixel
electrode, and having an end part inclined by 5° to 9° with
respect to a central portion of the pixel electrode.

[0065] With the fifth embodiment of the present invention,
since the edge portion of the pixel electrode has a structure
inclined by 5° to 9°, a restoring force of the liquid erystal is
further improved as compared with the fourth embodiment
of FIG. 10. Therefore, the liquid crystal located in the
vicinity of the edge portion of the pixel electrode is stabi-
lized in white gradation state.

[0066] The above-mentioned edge portions of pixel elec-
trodes according to embodiments of the present invention
may solve problems of a twisting speed and a restoring force
of the liquid crystal, thereby further stabilizing the liquid
crystal, as compared with the conventional edge portion
having a curved line shape.

[0067] The operation of the FFS-LCD having the above-
mentioned construction according to the present invention is
as follows.

[0068] When an electric field is not applied, liquid crystal
molecules are in a horizontal direction. When a high electric
field is applied, the molecules of the liquid crystal are
twisted in such a manner that twisting angles of the mol-
ecules become enlarged more and more, to 90° In maximum,
as they reach a central portion in the end part of the edge
portion of the pixel electrode due to an electric field inter-
ference between a black matrix and the pixel electrode, so
that the molecules of the liquid crystal are vertically aligned.
In this case, since such an alignment may exert an influence
on rubbing pressure, the restoring force and the bias force of
the liquid crystal, which is located at the edge portion of the
pixel electrode, increase as a result of the edge portion of the
pixel electrode having a linear line shape. Therefore, when
pressure occurs in the white gradation state, the alignment of
the liquid crystal can return to an initial state.

[0069] Meanwhile, according to the present invention, the
edge portion of the pixel electrode forms mixed angles
including a first angle larger than an angle defined between



US 2005/0068483 A1l

a central portion of the pixel electrode and a rubbing
direction and a second angle smaller than the angle defined
between the central portion of the pixel electrode and the
rubbing direction.

[0070] According to the present invention, since the edge
portion of the pixel electrode is formed in a linear line shape,
when the white gradation is applied, the restoring force of
the liquid crystal, which is located at the edge portion of the
pixel electrode, may increase so that the liquid crystal can
easily return to its initial position, and also the bias force
applied to the liquid crystal may increase.

[0071] As described above, with a structure of the edge
portion of the pixel electrode changed according to the
present invention, it is possible to stably drive the liquid
crystal located at the edge portion of the pixel electrode and
also to restore the liquid crystal with rapidity.

[0072] Therefore, due to the reduction of the distortion of
the liquid crystal alignment, it is possible to prevent a
rubbing trace or disclination lines from occurring in a
display image even if external physical power, such as
rubbing pressure, is applied to the liquid crystal. Conse-
quently, the response speed of the liquid crystal is improved.

[0073] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:
1. A fringe field switching liquid crystal display compris-
ing:

a black matrix formed on an upper substrate;

a pixel electrode formed above a lower substrate and
having an edge portion overlapped with the black
matrix by a predetermined region; and

liquid crystal interposed between the upper substrate and
the lower substrate, wherein the edge portion of the
pixel electrode has a linear line shape.

2. The fringe field switching liquid crystal display as
claimed in clam 1, wherein the linear line shape includes a
wedge shape.

3. The fringe field switching liquid crystal display as
claimed in clam 1, wherein the linear line shape includes a

structure having two ‘ ©=’-shaped protrusions protruding in
opposition to each other.

4. The fringe field switching liquid crystal display as
claimed in clam 1, wherein the edge portion has a structure
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having a width, which becomes enlarged more and more in
a direction of an end part of the edge portion.

5. The fringe field switching liquid crystal display as
claimed in clam 1, wherein the edge portion is aligned in
parallel to a central portion of the pixel electrode and an end
part of the edge portion is inclined by a predetermined angle
with respect to the central portion.

6. The fringe field switching liquid crystal display as
claimed in clam 5, wherein the edge portion of the pixel
electrode is aligned such that the edge portion is inclined at
an angle of 5° to 9° with respect to the central portion of the
pixel electrode.

7. The fringe field switching liquid crystal display as
claimed in clam 1, wherein the edge portion includes a
structure having an end part, which is bent by 9° to 12° with
respect to the pixel electrode.

8. The fringe field switching liquid crystal display as
claimed in clam 1, wherein the edge portion of the pixel
electrode forms mixed angles including a first angle larger
than an angle defined between a central portion of the pixel
electrode and a rubbing direction and a second angle smaller
than the angle defined between the central portion of the
pixel electrode and the rubbing direction.

9. A fringe field switching liquid crystal display compris-
ing:

a black matrix formed on an upper substrate;

a pixel electrode formed above a lower substrate, an edge
portion of the pixel electrode being overlapped with the
black matrix by a predetermined region; and

liquid crystal interposed between the upper substrate and
the lower substrate, wherein the edge portion of the
pixel electrode has a linear line shape and is aligned in
such a manner that the edge portion is inclined by a
predetermined angle with respect to a central portion of
the pixel electrode.

10. The fringe field switching liquid crystal display as
claimed in clam 9, wherein the edge portion includes a
structure having an end part, which is bent by 9° to 12° with
respect to the edge portion of the pixel electrode.

11. The fringe field switching liquid crystal display as
claimed in clam 9, wherein the edge portion has a structure
having a width, which becomes enlarged more and more in
a direction of one side of the edge portion.

12. The fringe field switching liquid crystal display as
claimed in clam 9, wherein the edge portion is aligned such
that the edge portion is inclined at an angle of 5° to 9° with
respect to the central portion of the pixel electrode.
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