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7) ABSTRACT

An in-plane switching mode liquid crystal display device,
comprising first and second substrates attached to face each
other; a liquid crystal layer between the first and second
substrates; a first polarization film and a second polarization
film on the first substrate and the second substrate, respec-
tively, each of the first and second polarization films simul-
taneously performing an A-plate compensation film function
and a polarization function, the first and second polarization
films prevent light leakage in a horizontal direction; and a
C-plate compensation film positioned on the second sub-
strate, the C-plate compensation film prevents light leakage
in a vertical direction.
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FIG. 2
Related Art

==
,L\_,52

S S | St

JOUOOU-

o o> (U

~—53




Patent Application Publication Dec. 22,2005 Sheet 3 of 6 US 2005/0280762 Al

FIG. 3
Related Art
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PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] This application claims the benefit of the Korean
Application No. P2004-0044927 filed on Jun. 17, 2004,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device (LCD), and more particularly, to an in-plane
switching (IPS) mode LCD and a method of fabricating the
same.

[0004]

[0005] As the performance capabilities of active matrix
LCDs rapidly increase, LCDs are being more widely used as
flat-type displays in televisions (TVs), portable computers,
and monitors. Among active matrix LCDs, a twisted nematic
(TN) type LCD is typically used. In the TN-type LCD,
electrodes are respectively positioned on two substrates, a
director of liquid crystal is arranged to make the director of
the liquid crystal have an initial twist angle of 90°, and a
voltage is applied to the electrodes to rotate the director of
the liquid crystal. The TN-type LCD is favored on the
grounds that it provides excellent contrast and color repro-
ducing characteristics.

[0006] However, the TN-type LCD has the chronic prob-
lem of a narrow viewing angle. To solve the narrow viewing
angle problem of the TN-type LCD, an in-plane switching
(IPS) mode, where two electrodes are formed on one sub-
strate and a director of a liquid crystal is adjusted by a
transverse electric field generated between the two elec-
trodes, has been introduced. A related art IPS mode LCD
will be described below.

[0007] FIG. 1is a cross-sectional view of a related art IPS
mode LCD. FIG. 2 is a cross-sectional view of a compen-
sation film and a polarization film of the related art IPS mode
LCD. FIG. 3 is a schematic view illustrating directions of a
polarization axis and liquid crystal in the related art IPS
mode LCD.

[0008] As shown in FIG. 1, the related art IPS mode LCD
includes a color filter array substrate 21, a thin film transistor
(TFT) array substrate 11 and a liquid crystal (LC) layer 31
between the color filter array substrate 21 and the TFT array
substrate 11. A black matrix layer 22 on the surface of the
color filter array substrate 21 prevents light leakage from
regions other than the pixel regions. A color filter layer 23,
including red, green, and blue filters for reproducing colors,
is positioned in respective pixel regions within the black
matrix on the surface of the color filter array substrate 21.

[0009] Gate lines (not shown) and data lines 15 for defin-
ing respective pixel regions are formed on the TFT array
substrate 11. TFTs are formed adjacent to where the gate
lines and the data lines cross. Common electrodes 24 and
pixel electrodes 17 are arranged in an alternately manner on
the TFT array substrate 11 for generating a transverse
electric field.

[0010] The TFT includes a gate electrode 12a branching
off from the gate line, a gate insulation film 13 formed over

2. Discussion of the Related Art
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the entire surface of the substrate, including the gate elec-
trode 12a, a semiconductor layer 14 formed on the insulation
film 13 that corresponds to the gate electrode 124, a source
electrode 154 formed at one end of the semiconductor layer
14 and a drain electrode 15b branching off from the data line
and formed at the other end of the semiconductor layer 14.
The pixel electrode 17 is connected to the drain electrode
15b of the TFT via a contact hole passing through a
passivation layer 16 so as to receive a data voltage from the
TFT. The common electrodes are connected in an integral
fashion and provided with a voltage from an external circuit
or ground.

[0011] The IPS mode LCD has the common electrodes 24
and the pixel electrodes 17 on the same substrate. When a
voltage is applied across the two electrodes so as to generate
a transverse electric field E, which is horizontal with respect
to the substrate, the liquid crystal molecules rotate while
maintaining the orientation of the liquid crystal molecules in
their horizontal state with respect to the substrate. Alignment
layers 30a and 300 are respectively provided on the inner
surfaces of the TFT array substrate 11 and the color filter
array substrate 21 to initially align the liquid crystal mol-
ecules in the liquid crystal layer 31.

[0012] A first polarization film 53 and a second polariza-
tion film 54 are respectively attached to the outer surfaces of
a liquid crystal (LC) panel 50, which includes the two
substrates and the liquid crystal layer 31, to transmit only
light of a polarization plane in a predetermined direction. An
A-plate compensation film 52 and a C-plate compensation
film 51 are further provided between the second polarization
film 54 and the liquid crystal panel 50 to compensate for a
phase change of light due to an inadequate viewing direc-
tion. The compensation film and the polarization film of the
IPS mode LCD will be described in detail with reference to
FIG. 2.

[0013] The C-plate compensation film 51 and the A-plate
compensation film 52 are further provided at one side of the
IPS mode L.C panel 50, as shown in FIG. 2. The C-plate
compensation film 51 is made of a liquid crystal material
having a positive dielectric constant to compensate for a
phase in a vertical direction. The A-plate compensation film
52 is made of a liquid crystal material having a negative
dielectric constant to compensate for a phase in a horizontal
direction. As described above, the IPS mode LCD compen-
sates for the phase using a biaxial film or two compensation
films of the A-plate compensation film and the C-plate
compensation film.

[0014] The first polarization film 53 and the second polar-
ization film 54 are attached to the outermost portions of the
LC panel 50, respectively. The first polarization film 53 and
the second polarization film 54 are flexible-type films and
made of a multilayer film, such as triacetate cellulose (TAC)
films, poly vinyl alcohol (PVA) films, protection films, and
releasing films. These polarization films transmit only light
having a polarization plane in one predetermined direction
from natural light, which has polarization planes in all
directions of 360°, and absorbs the rest of the light to
provide polarized light.

[0015] The A-compensation film 52 and the C-compensa-
tion film 51 are a coated type and can be formed by coating
and hardening the material on the outer or inner surface of
the LC panel 50. The C-plate compensation film 51 is coated
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and hardened on the surface of the LC panel 50, the A-plate
compensation film 52 is coated and hardened on the C-plate
compensation film 51, and finally, the second polarization
film 54 is attached on the A-plate compensation film 52 and
the first polarization film 53 is attached on the T.C panel at
the opposite side. The first polarization film 53 and the
second polarization film 54 are attached to the outermost
portions of the LC panel 50 and compensation films, by
removing releasing film from adhesive sides on the polar-
ization films and applying the adhesive sides of the polar-
ization films to the LC panel 50.

[0016] As shown in FIG. 3, the direction of a polarization
axis of the second polarization film 54 is set in a direction
perpendicular to an alignment direction of the liquid crystal
layer 31. The direction of a polarization axis of the first
polarization film 53 is set in a direction parallel with an
alignment direction of the liquid crystal layer 31.

[0017] The above-described IPS mode LCD has the fol-
lowing problems. First, since the compensation film is
additionally provided to the LCD, it is difficult to manufac-
ture an LCD with a lightweight and slim profile. Further,
time and cost are consumed due to the process of adding the
compensation film. Second, when the polarization film is
attached to a final product, the releasing film and the
protection film of the polarization film should be removed.
During the process of removing those films, layers of the
multilayer film that has been attached can be exfoliated due
to their weak adhesion.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to an
IPS mode LCD and a method of fabricating the same that
substantially obviate one or more problems due to limita-
tions and disadvantages of the related art.

[0019] An object of the present invention is to provide a
simple process for manufacturing an IPS mode LCD.

[0020] Another object of the present invention is to pro-
vide an IPS mode LCD with a slim profile.

[0021] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0022] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, there is provided an
in-plane switching mode liquid crystal display device com-
prising: first and second substrates attached to face each
other; a liquid crystal layer between the first and second
substrates; a first polarization film and a second polarization
film on the first substrate and the second substrate, respec-
tively, each of the first and second polarization films simul-
taneously performing an A-plate compensation film function
and a polarization function, the first and second polarization
films prevent light leakage in a horizontal direction; and a
C-plate compensation film positioned on the second sub-
strate, the C-plate compensation film prevents light leakage
in a vertical direction.
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[0023] In another aspect, a method for forming an in-plane
switching mode liquid crystal display device, comprising:
forming a first polarization film and a second polarization
film on the first substrate and the second substrate, respec-
tively, each of the first and second polarization films simul-
taneously performing an A-plate compensation film function
and a polarization function, the first and second polarization
films prevent light leakage in a horizontal direction; provid-
ing a C-plate compensation film on the second substrate, the
C-plate compensation film prevents light leakage in a ver-
tical direction; attaching first and second substrates to face
each other; and forming a liquid crystal layer between the
first substrate and the second substrate.

[0024] 1t is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0026] FIG. 1is a cross-sectional view of a related art IPS
mode LCD.

[0027] FIG. 2 is a schematic view of the related art IPS
mode LCD.

[0028] FIG. 3 is a schematic view illustrating directions of
a polarization axes in polarization films and the liquid
crystal layer in the related art IPS mode LCD.

[0029] FIG. 4 is a cross-sectional view of an LCD accord-
ing to a first exemplary embodiment of the present inven-
tion.

[0030] FIG. 5 is a cross-sectional view of an LCD accord-
ing to a second exemplary embodiment of the present
invention.

[0031] FIG. 6 is a cross-sectional view of an LCD accord-
ing to a third exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0033] FIGS. 4 to 6 are cross-sectional views of LCDs
according to first through third exemplary embodiments of
the present invention.

[0034] Referring to FIG. 4, any IPS mode L.CD according
to the first exemplary embodiment of the present invention
includes a first substrate 111 on which gate lines, data lines,
TFTs, common electrodes, and pixel electrodes are formed,
a second substrate 121 on which a black matrix layer and a
color filter layer, including red, green, and blue filters, are
formed, a liquid crystal layer 131 in a space between the first
substrate 111 and the second substrate 121, a sealant (not
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shown) functioning as an adhesive to attach the first sub-
strate 111 and the second substrate 121, a first polarization
film 153 and a second polarization film 154 attached to the
outer surfaces of the first substrate 111 and the second
substrate 121, respectively, for simultaneously performing
an A-plate compensation film function and a polarizing
function, and a C-plate compensation film 151 formed on the
inner surface of the second substrate 121.

[0035] The liquid crystal layer has a birefringence such
that a refractive index for a longer axis direction of a liquid
crystal molecule is different from that of a shorter axis
direction of a liquid crystal molecule. Refractive index
difference is generated by the birefringence, depending on a
position from which the LCD is viewed. When linearly
polarized light passes through the liquid crystal molecules
and is changed in its polarization, a phase difference is
generated, so that a light quantity from a position deviating
from a front side and a light quantity from the front side are
different. Therefore, in the LCD using the liquid crystal
material, a contrast ratio change, a color shift, a gray
inversion are generated depending on the viewing angle.
Further, an undesired light leakage can also occur.

[0036] To solve such problems created by a phase differ-
ence generated in the panel, phase difference compensation
films can be used. The IPS mode LCD indispensably
requires an A-plate compensation film to compensate for a
light leakage in a horizontal direction and a C-plate com-
pensation film to compensate for a light leakage in a vertical
direction. As described above, the first polarization film 153
and the second polarization film 154 for simultaneously
performing the function of the A-plate compensation film
and the polarizing function and the C-plate compensation
film 151 are provided at the first substrate 111 and the second
substrate 121 of the IPS mode LCD, according to the first
exemplary embodiment of the present invention. Thus, the
first polarization film 153 and the second polarization film
154 provide the polarizing function as well as compensate
for the light leakage in the horizontal direction.

[0037] The polarization axis direction of the second polar-
ization film 154 can be set to a direction perpendicular to an
alignment direction of the liquid crystal layer 131 and the
polarization axis direction of the first polarization film 153
can be set to a direction parallel with the alignment direction
of the liquid crystal layer 131. As described above, gener-
ally, the polarization axis direction of the first polarization
film 153 is perpendicular to the polarization axis direction of
the second polarization film 154.

[0038] The first polarization film 153 and the second
polarization film 154 are formed by a coating method. That
is, these films are formed by coating a material for the
polarization film on the outer surfaces of the first and second
substrates and hardening the coated material. Unlike the
related art polarization film where exfoliation occurs during
the attachment/detachment of the releasing film and the
protection film, the polarization films of the first exemplary
embodiment of the present invention can be formed without
causing exfoliation problems.

[0039] The first and second polarization films 153 and 154
are formed by adding dye to an indurative host-LC aligned
horizontally. The dye is very densely aggregated so that it is
not influenced by the localized host-LC’s direction, but
aligned to the entire host-LC’s direction such that a polar-
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ization characteristic appears. For example, a dichroic dye
can be an example for a dye material.

[0040] When the dye is added to nematic host-LC so that
a polarization effect appears on the A-plate compensation
film, since the material for the polarization film is aligned
horizontally. Accordingly, the polarization film and the
A-plate compensation film are incorporated into one film, so
that the number of the films can be reduced and the thickness
of the LCD can be reduced. Thus, the process step of
attaching the polarization film can be eliminated by forming
the polarization film through the coating method.

[0041] The C-plate compensation film 151 is needed for
vertically compensating a phase of the light passing through
the LC panel. The C-plate compensation film 151 can also
be formed by the coating method. According to the first
exemplary embodiment of the present invention, the C-plate
compensation film 151 is formed on the inner surface of the
second substrate 121. However, the C-plate compensation
film is not limited to this position.

[0042] FIG. 5 is a cross-sectional view of an LCD accord-
ing to the second exemplary embodiment of the present
invention. As shown in FIG. 5, the C-plate compensation
film 151 can be also inserted between the second substrate
121 and the second polarization film 154. In other words, the
C-plate compensation film 151 can be positioned on the
outer surface of the second substrate 121 and on the inner
surface of the second polarization film 154.

[0043] According to the related art, after the applications
of a tensile-type biaxial film or the A-plate compensation
film and the C-plate compensation film are formed, the
polarization film is attached. In exemplary embodiments of
the present invention, the coating-type polarization film and
the C-plate compensation film are formed by a coating
method. Further, exemplary embodiments of the present
invention uses the A-plate compensation film effect of the
polarization film by directly manufacturing an in-cell coat-
able type polarization film on the liquid crystal panel.
Therefore, since the host nematic liquid crystal of the in-cell
coatable type polarization film realizes the A-plate compen-
sation film characteristic, a separate A-plate film does not
need to be manufactured.

[0044] Resultantly, it is possible to simultaneously obtain
the IPS compensation effect and the polarization film effect
using the two films by applying the in-cell coatable type
polarization film having the A-plate compensation film
effect and the coating-type C-plate compensation film. In
another alternative, the first and the second polarization
films and the C-plate compensation film can all be formed on
the inner surface of the substrate.

[0045] FIG. 6 is a cross-sectional view of an LCD accord-
ing to the third exemplary embodiment of the present
invention. As shown in FIG. 6, in the LCD device according
to the third exemplary embodiment of the present invention,
a first polarization film 153 having the A-plate compensation
film effect is formed by coating the first film on an inner
surface of a first substrate 111, a second polarization film
154 is formed by coating the second film on an inner surface
of a second substrate 121, and a C-plate compensation film
151 is formed by coating the C-plate compensation film 151
on a surface of the second polarization film 154. The
polarization film can be formed on the inner surface of the
substrate by applying the coating method.
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[0046] In the meantime, when the first polarization film
153 and the second polarization film 154 and the C-plate
compensation film 151 are formed on the inner surface of the
substrates, those films can be formed by coating them on the
substrates before or after patterns, such as a color filter layer
or TFTs, are formed on the substrates.

[0047] Referring to FIG. 6, alignment films 160 can be
further provided between the first substrate 111, the second
substrate 121, and the liquid crystal layer 131. The align-
ment films 160 control the arrangement directions of the
molecules in the liquid crystal layer to be uniform. The
direction of the alignment films 160 is determined by a
rubbing-process so that the films 160 may have the same
direction as the polarization direction of one of the first
polarization film and the second polarization film.

[0048] The LCD according to exemplary embodiments of
the present invention has the following advantages. First, in
the IPS mode L.CD where the A-plate compensation film, the
C-plate compensation film, and the polarization film should
be used, a separate A-plate compensation film does not need
to be manufactured when a polarization film is used that
performs the functions of both the A-plate compensation
film and the polarization film simultaneously. Therefore, the
number of the films can be reduced, so that a light weight
and slim profile LCD can be manufactured. Further, the
manufacturing cost and number of processes can be reduced
by eliminating the use of the film that is just used as an
A-plate compensation film. Second, since the polarization
film of embodiments of the present invention is formed by
the coating method, the problem of exfoliation of layers,
generated when the related art polarization film manufac-
tured in the form of the multiplayer film is attached to the
liquid crystal panel, can be prevented.

[0049] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers 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. An in-plane switching mode liquid crystal display
device, comprising:

first and second substrates attached to face each other;

a liquid crystal layer between the first and second sub-
Strates,

a first polarization film and a second polarization film on
the first substrate and the second substrate, respectively,
each of the first and second polarization films simul-
taneously performing an A-plate compensation film
function and a polarization function, the first and sec-
ond polarization films prevent light leakage in a hori-
zontal direction; and

a C-plate compensation film positioned on the second
substrate, the C-plate compensation film prevents light
leakage in a vertical direction.

2. The liquid crystal display device of claim 1, wherein
the first and second polarization films are on one of an outer
surface and an inner surface of the first substrate and one of
an outer surface and an inner surface of the second substrate,
respectively.
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3. The liquid crystal display device of claim 1, wherein
the C-plate compensation film is on one of an outer surface
and an inner surface of the second substrate.

4. The liquid crystal display device of claim 1, wherein
the first and second polarization films are formed on the first
and second substrates by a coating method.

5. The liquid crystal display device of claim 1, wherein
the first and second polarization films are formed by adding
dye to a liquid crystal.

6. The liquid crystal display device of claim 5, wherein
the dye includes dichroic dye.

7. The liquid crystal display device of claim 1, wherein
the first and second polarization films are on outer surfaces
of the first and second substrates, respectively, and the
C-plate compensation film is on an inner surface of the
second substrate.

8. The liquid crystal display device of claim 1, wherein
the C-plate compensation film is on an outer surface of the
second substrate and the first and second polarization films
are on an outer surface of the first substrate and an outer
surface of the C-plate compensation film, respectively.

9. The liquid crystal display device of claim 1, wherein
the first and second polarization films are on inner surfaces
of the first and the second substrates, respectively, and the
C-plate compensation film is on the second polarization
film.

10. The liquid crystal display device of claim 1, further
comprising alignment films on inner surfaces of each of the
first and second substrates that contact the liquid crystal
layer.

11. A method for forming an in-plane switching mode
liquid crystal display device, comprising;

forming a first polarization film and a second polarization
film on the first substrate and the second substrate,
respectively, each of the first and second polarization
films simultaneously performing an A-plate compen-
sation film function and a polarization function, the first
and second polarization films prevent light leakage in a
horizontal direction;

providing a C-plate compensation film on the second
substrate, the C-plate compensation film prevents light
leakage in a vertical direction;

attaching first and second substrates to face each other;
and

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

12. The method of claim 11, wherein the forming the first
and second polarization films includes forming the first
polarization film on one of an outer surface and an inner
surface of the first substrate and forming the second polar-
ization film on one of an outer surface and an inner surface
of the second substrate.

13. The method of claim 11, wherein the providing the
C-plate compensation film includes positioning C-plate
compensation film on one of an outer surface and an inner
surface of the second substrate.

14. The method of claim 11, wherein the forming the first
and second polarization films include a coating method to
form the first and second polarization films on the first and
the second substrates, respectively.
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15. The method of claim 11, wherein the forming the first
and second polarization films includes the step of adding a
dye to a liquid crystal.

16. The method of claim 15, wherein the dye includes
dichroic dye.

17. The method of claim 11, wherein the forming the first
and second polarization films includes providing the first
and second polarization films on outer surfaces of the first
and second substrates, respectively, and providing a C-plate
compensation film on the second substrate includes posi-
tioning. the C-plate compensation film on an inner surface of
the second substrate.

18. The method of claim 11, wherein the providing a
C-plate compensation film on the second substrate includes
positioning the C-plate compensation film on an outer
surface of the second substrate and forming the first and
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second polarization films includes providing the first and
second polarization films on an outer surface of the first
substrate and an outer surface of the C-plate compensation
film, respectively.

19. The method of claim 11, wherein the forming the first
and second polarization films includes providing the first
and second polarization films on inner surfaces of the first
and the second substrates, respectively, and the providing a
C-plate compensation film on the second substrate includes
positioning the C-plate compensation film on the second
polarization film.

20. The method of claim 11, further comprising forming
alignment films on inner surfaces of each of the first and
second substrates that contact the liquid crystal layer.
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