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7) ABSTRACT

Aliquid crystal display panel employing an in plane switch-
ing (IPS) mode wherein an alignment direction of a liquid
crystal is moved on a plane parallel to the surface of the
panel. In the panel, electrode patterns are formed on each
substrate in such a manner to be opposed to each other. A
liquid crystal layer is filled between the substrates provided
with the electrode patterns. Alignment films are formed on
each of the substrates in such a manner to be positioned
between the electrode patterns and the liquid crystal layer.
The alignment films allow an alignment direction of the
liquid crystal layer to be changed on a plane parallel to the
surfaces of the substrates by an electric field applied
between the electrode patterns.
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FIG 1
CONVENTIONAL ART
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FIG 4

Liquid Crystal Molecules
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IN-PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY PANEL

[0001] This application claims the benefit of Korean
Patent Application No. 1999-68075, filed on Dec. 31, 1999,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display panel for controlling a light transmissivity by a
liquid crystal to display a picture, and more particularly to
a liquid crystal display panel employing an in plane switch-
ing (IPS) mode wherein an alignment direction of a liquid
crystal is moved on a plane parallel to the surface of the
panel.

[0004]

[0005] Generally, liquid crystal display (LCD) panels can
be largely classified into a twisted nematic (TN) mode and
an in plane switching (IPS) mode. In a TN mode LCD panel,
liquid crystal molecules are moved on a basis of a direction
perpendicular to the panel. To this end, the TN mode LCD
panel allows an electric field to be applied to a liquid crystal
layer in a direction vertical or perpendicular to the surface of
the panel using transparent electrodes on two glass sub-
strates opposed to each other. Such a TN mode LCD panel
can obtain sufficient brightness, but has a narrow viewing
angle.

[0006] On the other hand, in the IPS mode LCD panel,
liquid crystal molecules move on a plane parallel to the
panel to thereby enlarge viewing angle. To this end, the IPS
mode LCD panel allows a traversing electric field to be
applied to the liquid crystal molecules in a direction hori-
zontal or parallel to the panel. The IPS mode LCD panel has
a drawback in that, because a pixel electrode and a common
electrode exist on the same substrate to generate such a
traversing electric field, transmissivity of light from a light
source and aperture ratio are deteriorated. For this reason, it
is difficult for the IPS mode LCD panel to obtain sufficient
brightness.

[0007] As shown in FIG. 1, the IPS mode LCD panel
includes an upper substrate 10 and a lower substrate 12. A
first alignment film 14A is formed on the surface of the
upper substrate 10. A pixel electrode pattern 16A, a common
electrode pattern 16B and a second alignment film 14B are
sequentially formed on the surface of the lower substrate 12.
The upper substrate 10 and the lower substrate 12 are
adhered to each other in such a manner that the first
alignment film 14A is opposed to the second alignment film
14B. A liquid crystal layer 18 is injected between the first
and second alignment films 14A and 14B. Liquid crystal
molecules constituting the liquid crystal layer 18 move on a
plane parallel to the lower substrate 12 in response to a
traversing electric field formed by an electrifying electrode
pattern on the lower substrate 12, thereby controlling light
transmissivity.

[0008] As described above, in the conventional IPS mode
LCD, because both the pixel electrode pattern 16A and the
common electrode pattern 16B must be formed on any one
of the substrates, aperture ratio of the pixel is small. For this
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reason, the quantity of light passing through the conven-
tional IPS mode LCD panel is limited. As a result, the
conventional IPS mode LCD panel fails to obtain sufficient
brightness.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to an
in-plane switching mode liquid crystal display panel that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0010] An object of the present invention is to provide an
in plane switching (IPS) mode liquid crystal display panel
that is adaptive for enlarging viewing angle as well as
obtaining sufficient brightness.

[0011] Additional features and advantages of the present
invention 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.

[0012] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an in plane switching
(IPS) mode liquid crystal display device includes: first and
second electrodes on first and second substrates; first and
second alignment films on the first and second electrodes,
the first and second alignment films having a main chain and
a side chain and forming an alignment direction by applying
an electric field; and a liquid crystal layer between the first
and second substrates.

[0013] An in plane switching mode liquid crystal display
device fabricating method includes: forming first and second
electrodes on first and second substrates; forming first and
second alignment films on the first and second electrodes,
the first and second alignment films having a main chain and
a side chain and being formed an alignment direction by
applying an electric field; and forming a liquid crystal layer
between the first and second substrates.

[0014] Tt 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 DRAWING

[0015] The accompanying drawings, which are included
to provide a further understanding of the invention and are
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.

[0016]

[0017] FIG. 1 is a schematic section view representing a
structure of a conventional in plane switching (IPS) mode
liquid crystal display (LCD) panel;

[0018] FIG. 2 is a schematic section view representing a
structure of an IPS mode LCD panel according to an
embodiment of the present invention;

In the drawings:
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[0019] FIG. 3 is a section view for explaining an operation
of the LCD panel shown in FIG. 2; and

[0020] FIG. 4 is a section view for explaining driving of
a command liquid crystal layer by dynamic driving of an
alignment layer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] Reference will now be made in detail to the pre-
ferred embodiment of the present invention, example of
which is illustrated in the accompanying drawings.

[0022] Referring to FIG. 2, there is shown an IPS mode
LCD panel according to an embodiment of the present
invention. The IPS mode LCD panel includes an upper
substrate 20 and a lower substrate 22 that are arranged in
opposition to one another. On the surface of the upper
substrate 20, a first electrode pattern 24A and a first align-
ment film 26A are sequentially formed. Likewise, on the
surface of the lower substrate 22, a second electrode pattern
24B and a second alignment film 26B are sequentially
formed. The first electrode pattern 24A has a shape of one
electrode plate to cover all of the pixels in an LCD panel in
a manner similar to a TN mode LCD panel. The second
electrode pattern 24B also has a shape of one electrode plate
to cover all of the pixels. Liquid crystal material 28 is
injected between the first and second alignment films 26A
and 26B.

[0023] The first and second alignment films 26A and 26B
are made from a material having molecules re-arranged or
repositioned by an electric field applied between the first and
second electrode patterns 24A and 24B, i.¢., an electric field
in a direction perpendicular to the surface of the panel. Also,
the first and second alignment films 26 A and 26B must be
selected from a material having a high dielectric constant, so
that they can stand the majority of a voltage applied between
the first and second electrode patterns 24A and 24B. For
instance, the first and second alignment films 26A and 26B
are made from a material having a high dielectric constant
10 to 1000 times larger than a polyimide used in conven-
tional LCD devices. Alignment material constituting the first
and second alignment films 26A and 26B is re-arranged or
repositioned such that the surface layer portions of the first
and second alignment films 26A and 26B adjacent to the
liquid crystal layer 28, i.e., boundary portions, are provided
with a main chain 30A and a side chain 30B as shown in
FIG. 3. The alignment films may be formed with the
ferroelectric liquid crystal polymer.

[0024] 1InFIG.3, the side chain 30B of the first and second
alignment films 26A and 26B takes a side branch shape
extended in the side direction from the main chain 30A.
Also, the structure of the side chain 30B changes in a plane
direction parallel to the surfaces of the alignment films 24A
and 24B in accordance with an electric field applied between
the first and second electrode patterns 24A and 24B. In other
words, the side chain 30B moves in a plane direction parallel
to the surfaces of the alignment films 26A and 26B in
accordance with the intensity of an electric field applied
between the first and second electrode patterns 24A and 24B.

[0025] The liquid crystal layer 28 must be not influenced
by the electric field applied between the first and second
electrode patterns 24A and 24B. In other words, the liquid
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crystal layer 28 has a low dielectric anisotropy such that
liquid crystal molecules do not move due to its dielectric
anisotropy. The liquid crystal layer 28 having such a low
dielectric anisotropy can be selected from any one of a
positive-type nematic liquid crystal material and a negative-
type nematic liquid crystal. Preferably, a negative-type nem-
atic liquid crystal is used as the liquid crystal layer 28. Such
liquid crystal molecules allow the liquid crystal layer 28
filled interposed between the alignment films 26A and 26B
to be divided into first and second command layers 32A and
32B and a soldier layer 34 depending on or based on their
positions.

[0026] Referring to FIG. 3, the first command layer 32A
corresponds to an upper surface portion of the liquid crystal
layer 28 adjacent to the first alignment film 24, while the
second command layer 32B is defined by a lower surface
portion of the liquid crystal layer 28 adjacent to the second
alignment film 24B. When an electric field is applied
between the first and second electrode patterns 24A and 24B,
liquid crystal molecules included in the first command layer
32A move on a plane parallel to the surface of the first
alignment film 26A by a mechanical moment of the first
alignment film 26A, i.e., a motion of the side chain 30B on
or at the boundary surface of the first alignment film 26A.
Similarly, when an electric field is applied between the first
and second electrode patterns 24A and 24B, liquid crystal
molecules included in the second command layer 32B also
move on a plane parallel to the surface of the second
alignment film 26B by a mechanical moment of the second
alignment film 26B, i.c., a motion of the side chain 30B on
or at the boundary surface of the second alignment film 26B.

[0027] The soldier layer 34 is defined by the remaining
liquid crystal layer 28 excluding the first and second com-
mand layers 32A and 32B, i.e., the upper and lower surface
portions thereof Liquid crystal molecules included in the
soldier layer 34 are moved in a plane direction parallel to the
surfaces of the alignment films 26A and 26B by a mechani-
cal moment (or motion) of the liquid erystal molecules in the
adjacent first or second command layer 32A or 32B. As
shown in FIG. 4, a divided voltage is applied to a high
dielectric alignment film by means of a electric field. To this
end, the command layers 32A and 32B respond to a confir-
mation variation of the side chain 30B having a spontaneous
polarization on a boundary surface alignment film and force
the liquid crystal to be dynamically varied.

[0028] As a result, the first and second alignment films
26A and 26B change the structure of the side chain 30B on
the boundary surfaces in response to an electric field applied
between the first and second electrode patterns 24A and 24B,
thereby sequentially moving liquid crystal molecules in the
first and second command layers 32A and 32B and the
soldier layer 34 in a plane direction parallel to the surfaces
of the substrates 20 and 22.

[0029] As described above, the IPS mode LCD panel
according to the present invention allows the alignment
films to generate a mechanical moment changing in a plane
direction parallel to the surface of the panel by virtue of an
electric field perpendicular to the surface of the panel. Thus,
an alignment direction of the liquid crystal molecules move
on a plane parallel to the surface of the panel. Since the IPS
mode panel can be implemented with the pixel electrode and
common electrode patterns within the same substrate for
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applying a traversing electric field to the liquid crystal layer,
it can dramatically improve an aperture ratio. As a result, the
present IPS mode LCD panel is capable of enlarging view-
ing angle as well as obtaining sufficient brightness.

[0030] Tt will be apparent to those skilled in the art that
various modifications and variation 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 liquid crystal display device employing an in plane
switching mode, comprising:

first and second electrodes on first and second substrates;

first and second alignment films on the first and second
electrodes, the first and second alignment films having
a main chain and a side chain and having an alignment
direction caused by an electric field; and

a liquid crystal layer between the first and second sub-
strates.

2. The device of claim 1, wherein the liquid crystal layer
includes a negative dielectric anisotropy constant.

3. The device of claim 1, wherein the first alignment layer
includes a ferrelectric liquid crystal polymer.

4. The device of claim 1, wherein the second alignment
layer includes a ferroelectric liquid crystal polymer.
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5. The device of claim 1, wherein the side chain includes
a spontaneous polarization.

6. The device of claim 5, wherein the liquid crystal layer
forms a plane parallel to the surfaces of the first and second
substrates by changing the side chain.

7. A method for fabricating a liquid crystal display device
employing an in plane switching mode, comprising:

forming first and second electrodes on first and second

substrates;

forming first and second alignment films on the first and
second electrodes, the first and second alignment films
having a main chain and a side chain and being formed
in an alignment direction by applying an electric field,
and

forming a liquid crystal layer between the first and second
substrates.

8. The method of claim 7, wherein the liquid crystal layer
includes a negative dielectric anisotropy constant.

9. The method of claim 7, wherein the first alignment
layer includes a ferrelectric liquid crystal polymer.

10. The method of claim 7, wherein the second alignment
layer includes a ferroelectric liquid crystal polymer.

11. The method of claim 7, wherein the side chain
includes a spontaneous polarization.

12. The method of claim 11, wherein the liquid crystal
layer forms a plane parallel to the surfaces of the first and
second substrates by changing the side chain.
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