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(57) ABSTRACT

An in-plane switching mode liquid crystal display device
includes a plurality of gate lines and data lines defining a
plurality of pixel areas including at least first and second
regions, a driving device for supplying a signal to adjacent
pixel areas, a plurality of pixel electrodes within the first and
second regions within the pixel area, the pixel electrodes
being supplied a first data voltage from the driving device of
the corresponding pixel to the first region and being supplied
asecond voltage from the driving device of an adjacent pixel
within the second region, and a plurality of common elec-
trodes within the first and second regions of the pixel areas
for forming a horizontal electric field together with the pixel
electrodes.
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IN-PLANE SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. 88436/2002 filed in Korea on Dec.
31, 2002, 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 and a method of fabricating a liquid crystal
display device, and more particularly, to an in-plane switch-
ing mode liquid crystal display device and method of
fabricating an in-plane switching liquid crystal display
device.

[0004]

[0005] Presently, various portable electronic devices, such
as mobile phones, PDAs, and notebook computers are being
developed that require flat panel display devices. Liquid
crystal display (LCD) devices, plasma display panel (PDP)
devices, field emission display (FED) devices, and vacuum
fluorescent display (VFD) devices are actively being devel-
oped as flat panel display devices. Among these various
devices, the LCD devices are appealing because of their
mass production techniques, ease of driving, and implemen-
tation of high picture quality.

[0006] In the liquid crystal display device, there are vari-
ous display modes according to arrangement of liquid crys-
tal molecules of a liquid crystal layer. A Twisted Nematic
(TN) mode is commonly used because of its simple display
of black and white images, fast response time, and low
driving voltage. In the TN-mode liquid crystal display
device, liquid crystal molecules that are initially aligned
along a horizontal direction to the substrate are subsequently
aligned almost vertically to the substrate when a voltage is
applied to the liquid crystal layer. Accordingly, viewing
angle becomes narrow due to a refractive anisotropy of the
liquid crystal molecules when the voltage is applied.

[0007] To solve the viewing angle problem, there have
been proposed LCD devices with various display modes
having wide viewing angle characteristics. Of the LCD
devices, an in-plane switching (IPS) mode liquid crystal
display device has been adopted in which at least a pair of
electrodes are arranged in parallel within a pixel region to
form a horizontal electric field substantially parallel to the
surface of a substrate, thereby aligning liquid crystal mol-
ecules within a single plane.

[0008] FIG. 1A is a plan view of an in-plane switching
mode LCD device according to the related art, and FIG. 1B
is a cross sectional view along I-I' of FIG. 1A according to
the related art. In FIG. 1A, a pixel of a liquid crystal display
panel 1 is defined by a gate line 3 and a data line 4 arranged
along longitudinal and transverse directions. Although FIG.
1A only shows an (n,m)th pixel, an N (>n) number of gate
lines 3 and an M (>m) number of data lines 4 are arranged
on the liquid crystal display panel 1 to form an NxM matrix
of pixels. A thin film transistor 10 is formed at a crossing
region of the gate line 3 and the data line 4 within the pixel
region. The thin film transistor 10 includes a gate electrode
11 to which a scan signal is supplied from the gate line 3, a

2. Description of the Related Art
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semiconductor layer 12 formed on the gate electrode 11 and
activated as the scan signal is supplied to form a channel
layer, and a source electrode 13 and a drain electrode 14 to
which an image signal is supplied through the data line 4 and
formed on the semiconductor layer 13 in order to supply an
image signal input from an outer side to a liquid crystal
layer.

[0009] A plurality of common electrodes 5 and pixel
electrodes 7 are arranged to be parallel with the data line 4
within the pixel region. In addition, a common line 16
connected to the common electrode 5 is disposed on a center
portion of the pixel region, and a pixel electrode line 18
connected to the pixel electrode 7 is disposed on the com-
mon line 16 to overlap with each other. A storage capaci-
tance is formed by the overlap of the common line 16 and
the pixel electrode line 18 in the IPS-mode LCD device.

[0010] Accordingly, in the IPS-mode LCD device, the
liquid crystal molecules are oriented to be parallel with the
common electrode 5 and the pixel electrode 7. When a signal
is supplied to the pixel electrode 7 by operation of the thin
film transistor 10, a horizontal electric field parallel with a
surface of the liquid crystal display panel 1 is generated
between the common electrode 5 and the pixel electrode 7.
Accordingly, the liquid crystal molecules are rotated along
a same plane with the horizontal electric field. Thus, grey
inversion due to the refractive anisotropy of the liquid
crystal molecules can be prevented.

[0011] In FIG. 1B, the gate clectrode 11 is formed on the
first substrate 20, and a gate insulating layer 22 is deposited
on an entire surface of the first substrate 20. A semiconduc-
tor layer 12 is formed on the gate insulating layer 22, and the
source electrode 13 and the drain electrode 14 are formed
thereon. In addition, a passivation layer 24 is formed on an
entire surface of the first substrate 20. A plurality of common
clectrodes § are formed on the first substrate 20, and the
pixel electrode 7 and the data line 4 are formed on the gate
insulating layer 22. Accordingly, the horizontal electric field
is generated between the common electrode 5 and the pixel
electrode 7.

[0012] A black matrix 32 and a color filter layer 34 are
formed on a second substrate 30. The black matrix 32
prevents light from leaking toward an area where alignment
of the liquid crystal molecules are not controlled by the
electric field, and is formed mainly on an area of the thin film
transistor 10 between adjacent pixels (i.c., the gate line and
the data line areas). The color filter layer 34 includes red (R),
green (G), and blue (B) sub-color filters for generating
colored images, and a liquid crystal layer 40 is formed
between the first substrate 20 and the second substrate 30.

[0013] Operating methods of the IPS-mode LCD device
can be classified into one of three different inversion meth-
ods in accordance with a phase of the data voltage that is
supplied to the data line. These methods include a line
inversion method, a column inversion method, and a dot
inversion method. The line inversion method inverts the
phase of the data voltage supplied to the data line 4 accord-
ing to the gate signal supplied to the gate line 3. The column
inversion method inverts the phase of the data voltage
supplied to the data line 4 at every column. The dot inversion
method inverts the phase of polarity of the voltage supplied
to the data line 4 at every column and line simultaneously.
The phase of the data voltage is inverted and supplied to the
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data line in order to prevent generation of cross-talk on a
display screen due to degradation of the liquid crystal
material when the same voltage is continuously supplied
between adjacent pixel and common electrodes.

[0014] However, using the dot inversion method in the
IPS-mode LCD device is problematic. For example, as
shown in FIG. 1A, one common voltage is supplied to one
pixel such that a positive voltage and a negative voltage of
the data voltage should be repeated at every frame for the dot
inversion operation. Accordingly, when the data voltage is
changed from the positive to the negative, a variation is
generated on the common electrode by the voltage differ-
ence of the data voltage, and the variation causes generating
flicker of the displayed image, residual image, or a horizon-
tal dim.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to an
in-plane switching mode liquid crystal display device and a
method of fabricating an in-plane switching mode liquid
crystal display device that substantially obviates one or more
of the problems due to limitations and disadvantages of the
related art.

[0016] An object of the present invention is to provide an
in-plane switching (IPS) mode liquid crystal display (LCD)
device having a data voltage applied to a pixel as different
voltages.

[0017] Another object of the present invention is to pro-
vide a method of fabricating an in-plane switching (IPS)
mode liquid crystal display (LCD) device having a data
voltage applied to a pixel as different voltages.

[0018] 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 inventon will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0019] 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
mode liquid erystal display device includes a plurality of
gate lines and data lines defining a plurality of pixel areas
including at least first and second regions, a driving device
for supplying a signal to adjacent pixel areas, a plurality of
pixel electrodes within the first and second regions within
the pixel area, the pixel electrodes being supplied a first data
voltage from the driving device of the corresponding pixel
to the first region and being supplied a second voltage from
the driving device of an adjacent pixel within the second
region and a plurality of common electrodes within the first
and second regions of the pixel areas for forming a hori-
zontal electric field together with the pixel electrodes.

[0020] In another aspect, an in-plane switching mode
liquid crystal display device includes a plurality of gate lines
and data lines, and a plurality of pixels including a thin film
transistor, each pixel having first and second regions, the
first region including a first pixel electrode and a first
common electrode arranged in parallel for generating a
horizontal electric field as a first data voltage and a common
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voltage are applied thereto, the second region including a
second pixel electrode and a second common electrode for
forming the horizontal electric field as a second data voltage
and a common voltage are applied thereto.

[0021] In another aspect, a method of fabricating an in-
plane switching mode liquid crystal display device includes
forming a plurality of gate lines and data lines defining a
plurality of pixel areas including at least first and second
regions on a substrate, forming a driving device for supply-
ing a signal to adjacent pixel areas, forming a plurality of
pixel electrodes within the first and second regions within
the pixel area, the pixel electrode being supplied a first data
voltage from the driving device of the corresponding pixel
to the first region and being supplied a second voltage from
the driving device of an adjacent pixel within the second
region, and forming a plurality of common electrodes within
the first and second regions of the pixel areas for forming a
horizontal electric field together with the pixel electrode.

[0022] In another aspect, a method of fabricating an in-
plane switching mode liquid crystal display device includes
forming a plurality of gate lines and data lines on a substrate,
and forming a plurality of pixels including a thin film
transistor, each pixel having first and second regions, the
first region including a first pixel electrode and a first
common electrode arranged in parallel for generating a
horizontal electric field as a first data voltage and a common
voltage are applied thereto, the second region including a
second pixel electrode and a second common electrode for
forming the horizontal electric field as a second data voltage
and a common voltage are applied thereto.

[0023] 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

[0024] 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. In the drawings:

[0025] FIG. 1A is a plan view of an in-plane switching
mode LCD device according to the related art;

[0026] FIG. 1Bis a cross sectional view along I-I' of FIG.
1A according to the related art;

[0027] FIG. 2 is a plan view of an exemplary IPS-mode
LCD device according to the present invention;

[0028] FIG. 3 is an expanded view of an exemplary thin
film transistor in the IPS mode LCD device of FIG. 2
according to the present invention; and

[0029] FIG. 4 is across sectional view along II-IT' of FIG.
2 according to the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0030] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.
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[0031] FIG. 2 is a plan view of an exemplary IPS-mode
LCD device according to the present invention. In FIG. 2,
an IPS-mode LCD device may include a plurality of pixels
defined by a plurality of gate lines 103 and data lines 104
arranged along longitudinal and transverse directions. In
addition, a thin film transistor 110 may be formed above and
on the gate line 103, and may be disposed on both adjacent
first and second pixels I and II. Specifically, the gate
electrode of the thin film transistor 110 may be formed of the
gate line 103, and a source electrode may be formed on the
data line 104.

[0032] Although it is not shown, a gate insulating layer
may be formed on the gate line 103, and a semiconductor
layer 112 may be formed on the gate insulating layer with a
drain electrode 114 formed on a portion of the semiconduc-
tor layer 112. The semiconductor layer 112 may be disposed
under both the drain electrode 114 and the data line 104 to
form a channel layer between the drain electrode 114 and the
data line 104 when a signal is input through a gate electrode.

[0033] In FIG. 2, the drain electrode 114 of the thin film
transistor 110 may be formed on the adjacent first and
second pixels 1 and II. Accordingly, when the signal is
supplied to the gate line 103 and the channel layer is formed
in the semiconductor layer 112, the data voltage input
through the data line 104 may be simultaneously applied to
the adjacent first and second pixels 1 and IL

[0034] A plurality of common electrodes 105 and a plu-
rality of pixel electrodes 107 may be formed within a single
pixel region. In addition, a common line 116 connected to
the common electrodes 105 may be disposed within a center
portion of the pixel region, and pixel electrode lines 1184
and 1185 connected to the pixel electrode 107 may be
overlapped with the pixel electrode 107.

[0035] The pixel region may be divided into two adjacent
pixel region that may be center around and formed on
opposite sides of the common line 116. The two adjacent
pixel regions may include a first region that includes the
pixel electrode line 1184 and a corresponding first portion of
the pixel electrode 107 and a second region that includes the
pixel electrode line 1185 and a corresponding second portion
of the pixel electrode 107. For example, the first portion of
pixel electrode 107 formed within the first region and the
second portion of the pixel electrode 107 formed within the
second region may be electrically short-circuited. Accord-
ingly, the data voltage may be supplied from the data line
104 to the first portion of the pixel electrode 107 of the first
area and the second portion of the pixel electrode 107 of the
second are via the thin film transistor 110. In addition, the
data voltage may be supplied from the data line 104 to
another first portion of the pixel electrode 107 on the second
area from the thin film transistor of a neighboring pixel
region. Thus, the first and second regions of a single pixel
may be operated by different signals as centering around the
common line 116, and the first region and the second region
of two neighboring pixels centering around the gate line 103
may be operated by a same data voltage. Moreover, the first
region and the second region in the pixel may have opposite
polarities during the dot inversion operation. For example,
when the positive data voltage is supplied to the first region
of the pixel, the negative data voltage may be supplied to the
second region of the pixel. Likewise, when the negative data
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voltage may be supplied to the first region of the pixel, then
the positive data voltage may be supplied to the second
region of the pixel.

[0036] The common electrodes 105 formed on the first and
second regions of the pixel may be connected to the common
line 116. For example, the common voltages supplied
through the common line 116 may be the same on the first
and second regions of the pixel.

[0037] According to the IPS-mode LCD device of the
present invention, one pixel may be divided into two areas,
and the data voltage may be supplied to adjacent areas
centering around the gate line. In addition, different data
voltages may be applied to respective areas within one pixel
area. Moreover, the two areas within the pixel are may share
the common line 116 disposed in the pixel, and therefore, the
same common voltage may be supplied thereto.

[0038] When the data voltage is changed from positive to
negative during an image frame change, the variation of the
common voltage by the difference of the data voltage is
generated on the first and second regions of the pixel as
opposite polarities. For example, the variations of the com-
mon electrode on the first and second regions of the pixel
may be generated as different polarities from each other, and
then, the variation of the common electrode within the pixel
may be compensated by each other, and consequently, the
variation of the common electrode may be removed.
Accordingly, the variation of the common voltage may be
prevented, and therefore, generation of flicker, residual
images or horizontal dim may be prevented.

[0039] FIG. 4 is across sectional view along II-IT' of FIG.
2 according to the present invention. In FIG. 4, the common
electrode 105 may be formed on the first substrate 120, and
the gate insulating layer 122 may be deposited thereon. In
addition, the pixel electrode 107 may be formed on the gate
insulating layer 122, wherein a horizontal electric field may
be generated between the common electrode 105 and the
pixel electrode 107.

[0040] The common electrode 105 may include a single
material layer or a plurality of multiple layers that Cu Mo,
Ta, Ti, Al, or an Al alloy using evaporation or sputtering
methods. Then, the material(s) may be etched. Similarly, the
pixel electrode 107 may include a single material layer or a
plurality of material layers that include Mo, Cu, Ta, Ti, Al,
or an Al alloy using evaporation or sputtering methods, and
etching the material(s) using an etchant. In addition, the
common electrode 105 and the pixel electrode 107 may be
formed using transparent materials, such as indium tin oxide
(ITO) or indium zinc oxide (IZO), for improving an aperture
ratio.

[0041] The common electrode 105 and the pixel electrode
107 may not always be formed on the first substrate 120 and
the gate insulating layer 122. The common electrode 105
and the pixel electrode 107 may be formed on the first
substrate 120 and on the gate insulating layer 122, and may
be formed on the passivation layer 124. In addition, the
common electrode 105 may be formed on the gate insulating
layer 122 or on the passivation layer 124, and the pixel
electrode 107 may be formed on the first substrate 120.

[0042] Ablack matrix 132 and a color filter layer 134 may
be formed on the second substrate 130, and a liquid crystal
layer 140 may be disposed between the first and second
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substrates 120 and 130. Although not shown, an overcoat
layer may be formed on the color filter layer 134 to improve
flatness of the second substrate 130 and for protecting the
color filter layer 134.

[0043] The liquid crystal layer 140 may be formed using
a liquid crystal vacuum injection method that injects the
liquid crystal material between the attached first and second
substrates 120 and 130. Alternatively, the liquid crystal layer
may be formed using a liquid crystal dispensing method,
wherein the liquid crystal material is directly dropped onto
the first or second substrate. Then, the liquid crystal material
may be evenly dispersed between the attached first and
second substrates 120 and 130.

[0044] The present invention is not limited to the IPS-
mode LCD device. Moreover, although the IPS-mode LCD
device of a four-block configuration in which four light
transmittance areas are formed by forming two pixel elec-
trodes and three common electrodes within the pixel, the
present invention may be applied to any IPS-mode LCD
device, such as two-block or six-block configurations.

[0045] In the IPS-mode LCD device according to the
present invention, different data voltages may be supplied to
the pixel electrodes of the first and second region within the
pixel by the different thin film transistors disposed along
with the gate line, and the same common voltage may be
applied to the common electrodes of the first and second
regions through the common line disposed on the center
portion of the pixel. Thus, the variations of the common
voltages on the first and second regions may be compensated
by each other during the dot inversion operation.

[0046] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
in-plane switching mode liquid crystal display device of 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.

1-30. (canceled)
31. Amethod of driving a in-plane switching mode liquid
crystal display device, comprising:

providing the liquid ecrystal display device, the liquid
crystal display device including:

a plurality of gage lines and data lines defining a
plurality of pixel regions, the pixel region being
divided into first and second regions;

a thin film transistor at each pixel region;
a plurality of pixel electrodes in the pixel region; and

a plurality of common electrodes parallel to the pixel
electrode in the pixel region to generate horizontal
electric field,

forming different horizontal electric fields in the first

region and the second region of the pixel regions.

32. The method according to claim 31, wherein the
generating horizontal electric field including the supplying
respectively voltage difference having the different intensity
to the first region and the second region of the pixel regions.
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33. The method according to claim 32, wherein the
supplying voltage difference including:

supplying respectively data signals having different data
voltage to the pixel electrodes in the first region and the
second region of the pixel region; and

supplying common signal having identical voltage to the
common electrodes in the first region and second
region of the pixel region.

34. The method according to claim 33, wherein the data
voltages supplied to the electrodes in the first region and the
second region are positive voltage and negative voltage.

35. The method according to claim 34, wherein the
variation of the common voltage at frame inversion in the
first region and the second region is cancelled each other.

36. A liquid crystal display device comprising:

a plurality of gage lines and data lines defining a plurality
of pixel regions;

a thin film transistor at each pixel region; and

a plurality of pixel electrodes and common electrodes in
the pixel region to form horizontal electric field,

wherein the pixel regions is divided into at least two
regions and data signals having the different data
voltages are applied to the divided regions.

37. The device according to claim 36, further comprising:

common line connected to the common electrodes; and

a plurality of pixel electrode lines connected to the pixel

electrode in each regions.

38. The device according to claim 37, wherein the pixel
electrode lines in the divided regions are electrically sepa-
rated.

39. The device according to claim 37, wherein the com-
mon line is connected to the common electrodes in the
divided regions.

40. The device according to claim 37, wherein the com-
mon line is disposed between the divided regions.

41. The device according to claim 39, wherein the com-
mon voltage having same voltage is applied to the common
electrodes in the divided regions.

42. The device according to claim 38, wherein the data
voltage having positive voltage is applied to the pixel
electrode in one region and the data voltage having negative
voltage is applied to the pixel electrode in other region.

43. The device according to claim 36, wherein thin film
transistor includes:

a gate electrode integrally formed with the gate line on a
first substrate;

a gate insulating layer on the gate electrode;
a semiconductor layer on the gate insulating layer;

a source electrode integrally formed with the data line on
the semiconductor layer;

a drain electrode facing with the source electrode on the
semiconductor layer, the drain electrode being
extended to the adjacent two pixel regions to supply the
data signal to the adjacent two pixel region; and

a passivation layer over the first substrate.
44. The device according to claim 43, wherein the com-
mon clectrode is formed on the first substrate.
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5
45. The device according to claim 43, wherein the com- 48. The device according to claim 43, wherein the pixel
mon electrode is formed on the gate insulating layer. electrode is formed on the gate insulating layer.
46. The device according to claim 43, wherein the com- 49. The device according to claim 43, wherein the pixel
mon electrode is formed on the passivation layer. electrode is formed on the passivation layer.

47. The device according to claim 43, wherein the pixel
electrode is formed on the first substrate. ¥ % % % %
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