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(57) ABSTRACT

An IPS mode LCD device includes gate and data lines formed
on a first substrate, the gate lines cross the data lines vertically
to define pixel regions; thin film transistors formed at each
intersection of the gate lines and the data lines; common lines
formed in parallel with the gate lines; common electrodes
formed extending from the common lines, the common elec-
trodes formed in parallel with the data lines; pixel electrodes
having a slant portion and a vertical portion formed in a single
body, the slant portion arranged to cross each pixel region in
a slant direction, and the vertical portion of the pixel electrode
overlaps with the common electrodes; and a second substrate
bonded to the first substrate and interposing a liquid crystal
layer therebetween.

17 Claims, 9 Drawing Sheets
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1
IN-PLANE SWITCHING MODE LCD DEVICE
HAVING PARTICULAR PIXEL ELECTRODES
AND PARTICULAR COMMON ELECTRODES

This application claims the benefit of the Korean Patent
Application No. P2004-105585, filed on Dec. 14, 2004,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to an in-plane switching
(IPS) mode LCD device where an opening region formed in
the pixel region is increased and a disclination region is mini-
mized to maximize transmittance of light to the LCD panel.

2. Background of the Related Art

Flat panel displays are available in a variety of types.
Among them, the LCD device has become a popular display
device because of the advantageous characteristics that the
LCD device offers, such as having a high contrast ratio, being
thin, being lightweight, having features suitable for display-
ing gray level or moving pictures, and having low power
consumption. Specifically, some of the LCD devices have
been identified as the next generation display devices, for
example, ultra thin displays for wall TVs and displays for
notebook computers. In addition, the LCD device is used for
a mobile display since a smaller size panel can be easily
manufactured.

Furthermore, the LCD device has various modes depend-
ing on characteristics of liquid crystal and electrode struc-
tures. Some examples of the LCD devices include a twisted
nematic (TN) mode LCD device, a multi-domain mode LCD
device, an optically compensated birefringence (OCB) mode
LCD device, an IPS mode LCD device, and a vertical align-
ment (VA) mode LCD device. In the TN mode LCD device,
liquid crystal directors are arranged in a twisted angle of 90°
and voltages are applied to control the liquid crystal directors.
In the multi-domain mode LCD device, one pixel is divided
into a plurality of domains and main viewing angles of the
respective domains vary from one another to obtain a wide
viewing angle. In the OCB mode LCD device, a compensa-
tion film is attached to an outer surface of a substrate to
compensate phase variation of light depending on a progress
direction of the light. In the IPS mode LCD device, two
electrodes are formed on one substrate and liquid crystal
directors are twisted in parallel with an alignment film. In the
VA mode LCD device, liquid crystal molecules are vertically
arranged on an alignment film using a negative liquid crystal
and a vertical alignment film.

The IPS mode LCD device includes a color filter array
substrate and a thin film transistor array substrate. The color
filter array substrate is provided with a black matrix layer that
prevents light leakage and R/G/B color filter layers for rep-
resenting colors. The thin film transistor array substrate is
provided with gate and data lines for defining unit pixels, the
thin film transistors (i.e., switching elements) are formed at
each intersection of the respective gate and data lines, and
common and pixel electrodes are alternately arranged to gen-
erate transverse electric fields.

A related art IPS mode LCD device will be described with
reference to the accompanying drawings. FIG. 1 is a plane
view illustrating a related art IPS mode LCD device, FIG. 2 is
a diagram illustrating transmittance of light in FIG. 1, FIG. 3
is a plane view illustrating another related art IPS mode LCD
device, and FIG. 4 is a diagram illustrating transmittance of
light in FIG. 3.
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As shown in FIG. 1, a thin film transistor array substrate
includes gate lines 12, data lines 15, thin film transistors,
common lines 25, a plurality of common electrodes 24, and a
plurality of pixel electrodes 17. The gate lines 12 vertically
cross the data lines 15 to define pixel regions. The gate insu-
lating films are interposed between the gate lines 12 and the
data lines 15. Each of the thin film transistors is formed at
each intersection of the respective gate and data lines 12 and
15. The thin film transistor includes a gate electrode 124, a
gate insulating film, a semiconductor layer 14 and source and
drain electrodes 15a and 156. The common lines 25 are
formed in parallel with the gate lines 12. The common elec-
trodes 24 are formed extending from the common lines 25 and
formed in parallel with the data lines 15. Each pixel electrode
17 is connected to a drain electrode 155 and formed in parallel
with each common electrode 24. The pixel electrodes 17 are
arranged alternating with the common electrodes 24 in the
horizontal direction.

In the IPS mode LCD device, the common electrode 24 and
the pixel electrode 17 are formed on the same substrate to
rotate liquid crystal molecules horizontally. Voltages are
applied between the common and pixel electrodes to generate
the transverse electric field E, so that the arrangement of the
liquid crystal molecules is controlled. If the distance between
the common electrode 24 and the pixel electrode 17 is long,
the electric field becomes weak, whereas, if the distance
between the common electrode 24 and the pixel electrode 17
is too short, the number of electrodes increases and an open-
ing ratio deteriorates. Therefore, the distance between the two
electrodes is important and care should be given while choos-
ing a proper range. As shown FIG. 1, the area enclosed by the
common electrode 24 within the pixel region is divided into
two blocks 30, in which the each block 30 has a width D
obtained by an optimized design rule. However, since the size
of'the pixel region depends on models of the LCD device, it is
difficult to optimally arrange the blocks. For example, when
the common electrodes are formed at both edges inside the
pixel region and the pixel electrodes 17 are inserted between
the common electrodes, then even numbers of blocks are
needed in a horizontal direction. For this reason, it is difficult
to optimally arrange the blocks.

Moreover, if the number of pixel regions in a high resolu-
tion model is relatively more than that of the pixel regions in
the other model having the same sized panel, the size of the
pixel region is small. Therefore, only two blocks may be
formed in the pixel region.

When the pixel region has a width and a length of 28
umx84 pm, the data line 15, the pixel electrode 17, two
common electrodes 24 having a width of 4 pm are arranged in
the pixel region. In this case, an opening region within the
pixel region has a width of approximately 10 um. Accord-
ingly, an opening ratio is greatly reduced.

If voltages are applied to the related art IPS mode LCD
device, the transmittance of light occurs as shown in FIG. 2.
The transverse electric field is not formed at a portion where
the common electrode 24 is extended from the common line
25, to promote the arrangement of the liquid crystal mol-
ecules in a desired direction. As a result, a disclination “region
A” where no light transmits is generated.

Meanwhile, as shown in FIG. 3, the width of the pixel
region increases and its length decreases to obtain a pixel
region having a width and a length of 42 umx42 pm. To obtain
a super-IPS mode, a pixel electrode 117 and a common elec-
trode 124 may be formed in a bent shape. In FIG. 3, a refer-
ence number 112 denotes gate lines, a reference number 115
denotes data lines, and a reference number 125 denotes com-
mon lines
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The super-IPS mode means that a domain is divided into
two sub-domains to arrange the liquid crystal molecules.
Such two domains can minimize an inverted domain region.
However, as shown in FIG. 4, a domain boundary occurs at
portions where the pixel electrode 117 and the common elec-
trode 124 are bent, so that the alignment direction of the liquid
crystal molecules is divided. In this case, module efficiency is
reduced, and the vertical electric field and the horizontal
electric field (transverse electric field) are affected by each
other to cause a wide disclination region (dark portion).

In other words, the disclination region where the liquid
crystal molecules are not arranged in a desired direction cor-
responds to a region where the horizontal electric field is
generated between each common electrode 124 and each
pixel electrode 117. The generated horizontal electric field
interferes with the vertical electric field generated either
between adjacent common electrodes 124 or between the
pixel electrodes 117 at corners of the pixel region. Since the
light is not transmitted to the disclination region, mode effi-
ciency is reduced.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an IPS
mode LCD device that substantially obviates one or more
problems due to limitations and disadvantages of the related
art.

An object of the present invention is to provide an IPS
mode LCD device where a pixel electrode is formed having
the slant portion which crosses an opening region, in which
the opening region is formed having the maximum range in
the instant pixel region.

Another object of the present invention is to provide a IPS
mode LCD device having minimized disclination region,
thereby improving mode efficiency.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will
become apparent from the description, or may be learnt 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.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described, an IPS mode LCD device includes gate and data
lines formed on a first substrate, the gate lines cross the data
lines vertically to define pixel regions; thin film transistors
formed at each intersection of the gate lines and the data lines;
common lines formed in parallel with the gate lines; common
electrodes formed extending from the common lines, the
common electrodes formed in parallel with the data lines;
pixel electrodes having a slant portion and a vertical portion
formed in a single body, the slant portion arranged to cross
each pixel region in a slant direction, and the vertical portion
of the pixel electrode overlaps with the common electrodes;
and a second substrate bonded to the first substrate and inter-
posing a liquid crystal layer therebetween.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
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embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a plane view illustrating a related art IPS mode
LCD device;

FIG. 2 is a diagram illustrating transmittance of light in
FIG. 1,

FIG. 3 is a plane view illustrating another related art IPS
mode LCD device;

FIG. 4 is a diagram illustrating transmittance of light in
FIG. 3;

FIG. 5is a plane view illustrating an IPS mode LCD device
according to an exemplary embodiment of the present inven-
tion;

FIG. 6 is a diagram illustrating transmittance of light in
FIG. 5; and

FIG. 7A to FIG. 7C are plane views illustrating exemplary
fabricating processes of an IPS mode LCD device according
to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

FIG. 5 is a plane view illustrating an IPS mode LCD device
according to an exemplary embodiment of the present inven-
tion, FIG. 6 is a diagram illustrating transmittance of light in
FIG. 5, and FIG. 7A to FIG. 7C are plane views illustrating
exemplary fabricating processes of the IPS mode LCD device
according to the present invention. As shown in FIG. 5, a thin
film transistor array substrate of the IPS mode LCD device
includes a plurality of gate lines 212 arranged in a straight
line, a plurality of data lines 215, thin film transistors (TFTs),
common electrodes 224, and pixel electrodes 217 including
both slant portions 217a and vertical portions 2175. The gate
lines 212 vertically cross the data lines 215 to define pixel
regions. Each of the thin film transistors is arranged at each
intersection of the respective gate and data lines 212 and 215.
The thin film transistors switch ON/OFF the applied voltages.
Each common electrode 224 is formed extending from the
common line 225 formed parallel with the gate line 212. The
slant portion 217a of the pixel electrode 217 is formed to
cross an opening region formed between the two common
electrodes within the pixel region. The slant portion 217a
crosses the opening region in a slant direction. The vertical
portion 2175 of the pixel electrode 217 is overlapped with the
common electrode.

As described earlier, a single pixel region is divided into
two sub-domains (i.e., two blocks 230) by the slant portion
217a of the pixel electrode. Each block 230 has the same size.
In detail, each common electrode 224 is formed along the
edge portion of the pixel region. And, common lines 225 are
formed to connect each common electrode 224, which is
formed in the adjacent pixel regions, with each other to trans-
mit common signals to an active region. The common line
225 and the common electrode 224 are formed in a single
body and on the same layer with each gate line 212. The slant
portion 217a and the vertical portion 2176 are formed in a
single body. The vertical portion 2175 is extended to connect
with a drain electrode 2155 through a contact hole 218, so that
a pixel signal is applied thereto.

Each block 230 is defined by the vertical portion 2175 of
the pixel electrode, the slant portion 217a of the pixel elec-
trode, and two common electrodes 224. Arrangement of the
liquid crystal molecules is controlled by the transverse elec-
tric field generated between the adjacent pixel and common
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electrodes. The slant portion 217a of the pixel electrode 217
has a slant angle of 0 (40°=0=60°) about the gate line.

Referring to FIG. 5, the horizontal distance “d” (the dis-
tance between the vertical portion of the pixel electrode and
its opposing common electrode) of the block 230 is deter-
mined to be in the range of 8 pm to 13 um. The vertical
distance “L” (the distance between the slant portion of the
pixel electrode and the common line) measured at %4 of its
horizontal distance is greater than the horizontal distance “d”.
Transmittance of light to the LCD panel is improved by the
above design values of the block 230. Furthermore, as shown
in FIG. 6, a disclination region (dark portion) is minimized.

To maximize area used for the opening region in the pixel
region, the vertical portion 2175 of the pixel electrode is
overlapped with a portion of the common electrode 224. To
prevent the overlapped common electrode from electrically
affecting the transverse electric field generated between the
vertical portion 2175 of the pixel electrode and its adjacent
common electrode 224, the width of the common electrode
224 at the overlapping portion is reduced. The width of the
common electrode is reduced by 2 um or greater at the over-
lapped portion. On the other hand, the portion of the common
electrode not overlapped with the pixel electrode has its width
maintained, so that the common electrode 224 has a dual line
width. It is noted that the opening region is wider than that of
the related art and the disclination region is reduced.

Meanwhile, portions of the common electrode 224 and the
pixel electrode 217, which extend into the horizontal direc-
tion, are overlapped with each other to form a storage capaci-
tor Cst. A gate insulating film and a passivation film are
deposited between the common electrode 224 and the pixel
electrode 217 to serve as insulating films for the storage
capacitor. The gate insulating film also insulates the gate line
212 from the data line 215, and the passivation film insulates
the data line 215 from the pixel electrode 217. Capacitance, in
addition to the storage capacitor Cst, is formed between the
vertical portion 2175 of the pixel electrode and the portion of
common electrode 224 overlapped with the vertical portion
217b. Therefore, an area of the storage capacitor Cst is mini-
mized to obtain a wider opening region.

Although not shown, the thin film transistor array substrate
is bonded to a color filter array substrate by interposing a
liquid crystal layer therebetween. The color filter array sub-
strate includes a black matrix layer that prevents light leak-
age, and R/G/B color filter layers formed to represent colors
in each pixel region. First and second polarizing plates are
attached to outer surfaces of the thin film transistor array
substrate and the color filter array substrate. The first and
second polarizing plates are arranged in such a manner that
their polarizing axes vertically cross each other. Either the
first polarizing axis or the second polarizing axis is parallel
with the gate line. In addition, either the thin film transistor
array substrate or the color filter array substrate is further
provided with an alignment film at its inner side. A rubbing
direction of the alignment film is parallel with any one of the
first and second polarizing axis to obtain a normal black
mode.

Ifthe voltages are applied to the LCD device as constructed
above, liquid crystal molecules 231 arranged initially in a
vertical or horizontal direction are rearranged in a slant direc-
tion by the transverse electric field generated between the
common electrode 224 and the pixel electrode 217. Rear-
rangement of the liquid crystal molecules in the upper block
of the instant pixel region is different from that in the lower
block to obtain two-domain effect. Therefore, it is possible to
minimize the inverted domain region while improving the
response speed of the liquid crystal molecules.
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An exemplary method for manufacturing the thin film tran-
sistor array substrate according to the present invention will
be described in more detail. As shown in FIG. 7A, metal
having low specific resistance, such as Cu, Al, AiNd (Alumi-
num Neodymium), Mo, Cr, Ti, Ta, and MoW, is deposited on
the substrate to prevent signals being delayed, then patterned
to form the plurality of gate lines 212, the gate electrodes
212a, the common lines 225 and the common electrodes 224.

The common lines 225 are formed in parallel with the gate
lines 212. The common electrodes 224 are formed extending
from the common lines 225. In addition, the common elec-
trodes 224 are formed to have a dual line width. The vertical
portions 2175 of the pixel electrodes will later overlap the
portions of the common electrodes having a smaller line
width.

Next, an inorganic insulating material such as SiOx or
SiNx is deposited on the entire surface including the gate lines
212 by a plasma enhanced chemical vapor deposition
(PECVD) process to form a gate insulating film (not shown).
Amorphous silicon (a-Si:H) is deposited on the entire surface
including the gate insulating film at a high temperature and
then patterned to form an island shaped semiconductor layer
214 on the gate insulating film on the gate electrode.

Subsequently, as shown in FIG. 7B, metal such as Cu, Al,
AiNd, Mo, Cr, Ti, Ta, and MoW is deposited on the entire
surface including the semiconductor layer 214, then patterned
to form the plurality of data lines 215 and source/drain elec-
trodes 2154 and 21556. The data lines 215 are formed to cross
the gate lines 212 vertically, thereby defining pixel regions.
The source/drain electrodes 215a and 2155 are respectively
formed at both ends of the semiconductor layer 214, so that
the thin film transistor having the gate electrode, the gate
insulating film, the semiconductor layer 214 and source/drain
electrodes 215a and 21554 is completed. The thin film transis-
tor controls on/off of the voltage applied to unit pixel.

Next, an organic insulating material such as benzocy-
clobutene (BCB) and acryl resin or an inorganic insulating
material such as SiOx or SiNx is deposited on the entire
surface including the data lines 215 to form a passivation film
(not shown). The passivation film is partially removed to form
a contact hole 218 that exposes the drain electrode 21554.
Afterwards, as shown in FIG. 7C, a transparent conductive
material such as indium tin oxide (ITO) or indium zinc oxide
(IZ0) is deposited on the entire surface including the passi-
vation film, then patterned to form each pixel electrode 217.
The pixel electrode 217 is electrically connected to the drain
electrode 2155 through the contact hole 218.

The pixel electrode 217 includes a slant portion 217a and a
vertical portion 2176 formed in a single body. The slant
portion 217a is arranged in a slant direction to cross the
opening region, in which the opening region is formed
between the two common electrodes 224. Then, the vertical
portion 2175 is overlapped with the common electrode 224.
The slant portion 2174 of the pixel electrode 217 is formed to
have a slant angle of 0 (40°=0=60°) about the gate line. The
vertical portion 2175 of the pixel electrode is overlapped with
the portion of the common electrode having a small line
width, in which the small line width is in a range of 2 um or
greater. Thus, one pixel region is divided into two sub-do-
mains so that the opening region is obtained having the maxi-
mum range and the disclination region is minimized.

The exemplary IPS mode LCD device of a high resolution
model has been described above. However, the present inven-
tion is not limited to a pixel region having two sub-domains,
but can be adapted to the larger pixel region where three or
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more electrodes can fit. In addition, the exemplary IPS mode
LCD device according to the present invention has the fol-
lowing advantages.

First, since the pixel electrode is arranged to cross the
opening region in a slant direction, in which the opening
region is formed between the two common electrodes, it is
possible to minimize the inverted domain region. Thus, the
disclination region is reduced. Second, since the portion of
the pixel electrode is formed in a slant direction and another
portion of the pixel electrode is overlapped with the portion of
the common electrode, it is possible to reduce the size of the
pixel electrode, thereby obtaining a large opening region.
More specifically, the improved opening ratio can easily be
obtained by the optimized design rule, even if the size of the
pixel region is varied.

Third, capacitance is additionally formed between the ver-
tical portion of the pixel electrode and the portion of common
electrode overlapped with the vertical portion. Therefore, an
area of the storage capacitor is minimized to obtain a wider
opening region. Lastly, the liquid crystal molecules are rear-
ranged in different directions as the respective blocks have
different electric field directions. In this case, the viewing
angles of the respective blocks are compensated to obtain the
multi-domain effect. Therefore, it is possible to minimize the
inverted domain region and improve response speed of the
liquid crystal molecules.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the in-plane
switching mode LCD device of the present invention without
departing from the spirit or scope of the 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 IPS mode LCD device, comprising:

gate and data lines formed on a first substrate, the gate lines

cross the data lines vertically to define pixel regions;
thin film transistors formed at each intersection of the gate
lines and the data lines;

common lines formed in parallel with the gate lines;

common electrodes formed extending from the common

lines, the common electrodes formed in parallel with the
data lines;

pixel electrodes having a slant portion and a vertical por-

tion formed in a single body, the slant portion arranged
to cross each pixel region in a slant direction, and the
vertical portion of the pixel electrode overlaps with the
common electrodes; and

a second substrate bonded to the first substrate and inter-

posing a liquid crystal layer therebetween.

2. The IPS mode LCD device as claimed in claim 1,
wherein the thin film transistors include a gate electrode, a
semiconductor layer, and source/drain electrodes.

15

35

40

45

50

8

3. The IPS mode LCD device as claimed in claim 2,
wherein the vertical portion of each pixel electrode is
extended to connect with a drain electrode of each thin film
transistor.

4. The IPS mode LCD device as claimed in claim 1,
wherein the portion of each common electrode having a small
width overlaps with the vertical portion of the each pixel
electrode.

5. The IPS mode LCD device as claimed in claim 4,
wherein the common electrodes have a dual line width.

6. The IPS mode LCD device as claimed in claim 4,
wherein the small width includes at least 2 pm less width than
the other portion of the common electrode.

7. The IPS mode LCD device as claimed in claim 1,
wherein the slant portion of the pixel electrode has a slant
angle of 40° to 60° about the gate line.

8. The IPS mode LCD device as claimed in claim 1,
wherein the horizontal distance between the vertical portion
of'the pixel electrode and its opposing common electrode is in
the range of 8 pm to 13 pum.

9. The IPS mode LCD device as claimed in claim 8,
wherein the vertical distance measured at %4 of the horizontal
distance between the slant portion of the pixel electrode and
the common line is greater than the horizontal distance.

10. The IPS mode LCD device as claimed in claim 1,
further comprising a storage capacitor formed at the over-
lapped portion between the common electrode and the pixel
electrode.

11. The IPS mode LCD device as claimed in claim 1,
wherein the gate lines, the common lines and the common
electrodes are formed on the same layer.

12. The IPS mode LCD device as claimed in claim 1,
wherein the first and second substrates are provided with
alignment films.

13. The IPS mode LCD device as claimed in claim 1,
wherein the first and second substrates are provided with first
and second polarizing plates.

14. The IPS mode LCD device as claimed in claim 13,
wherein any one polarizing axis of the first and second polar-
izing plates is positioned in vertical to the other polarizing
axis.

15. The IPS mode LCD device as claimed in claim 13,
wherein any one polarizing axis of the first and second polar-
izing plates is arranged in parallel with the gate lines.

16. The IPS mode LCD device as claimed in claim 1,
further comprising a gate insulating layer between the gate
lines and the data lines.

17. The IPS mode LCD device as claimed in claim 1,
further comprising a passivation layer between the data lines
and the pixel electrodes.

#* #* #* #* #*
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