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57) ABSTRACT

An in-plane switching mode liquid crystal display device
(LCD) is disclosed in which a first portion of one pixel
region has alignment direction clockwise inclined relative to
the extension direction of the data electrode, and a second
portion of the pixel region has alignment direction counter-
clockwise inclined relative to the extension direction of the
data electrode. This in-plane switching mode LCD has an
improved viewing angle characteristics.
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1
IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE HAVING
MULTIPLE DOMAINS

This application is a Continuation of application Ser. No.
09/729,083 Filed on Dec. 5, 2000 now U.S. Pat. No.
6,466,291; which is a continuation of application Ser. No.
09/110,961, filed on Jul. 7, 1998 now U.S. Pat. No. 6,184,
961.

BACKGROUND OF THE INVENTION

A. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly to an in-plane switching
(“IPS”) mode liquid crystal display device.

B. Description of the Related Art

Recently, the thin film transistor liquid crystal display
devices (TFT LCDs) have been used as display devices in
such applications as portable televisions and notebook
computers, but these TFT LCDs have small viewing angles.

In order to solve this problem, twisted nematic LCDs
having, for example, optical compensation films and multi-
domains, have been introduced. In these LCDs, however, the
color of the image is largely shifted as the viewing angle
direction increases.

For a wide viewing angle, the IPS mode L.CD is disclosed,
for example, in JAPAN DISPLAY 92 page 547, Japanese
Patent Unexamined Publication No. 7-36058, Japanese
Patent Unexamined Publication No. 7-225388, and ASIA
DISPLAY 95 page 707.

FIG. 1 is a view showing the operation of liquid crystal
(LC) molecules of the conventional IPS mode LCD. FIG. 2
is a view showing the long axis of the LC molecules shown
in FIG. 1. As shown in the figures, a data electrode 8 and a
common electrode 9 are aligned in Y axis direction at an
angle 0., =90° relative to the X axis direction which is the
extension direction of a gate bus line (not shown). 6,=180°
indicates an angle between the direction of electric field and
X axis direction. 8 indicates an angle between the align-
ment direction and the X axis direction, and angle 0 is
determined by a rubbing process in the range of 90° to 180°.
0,,, indicates a rotated angle of liquid crystal molecules 35
by the electric field applied between the two electrodes.

When a voltage is not applied, liquid crystal molecules 35
denoted by dotted line are aligned according to the align-
ment direction at angle 0z When the voltage is applied,
liquid crystal molecules 35 rotate counterclockwise by angle
8, In the figures, liquid crystal molecules 35 are denoted
by solid line after the voltage is applied, and a positive type
liquid crystal is used in which electric permittivity of liquid
crystal molecules in the long axis direction is larger than in
the short axis direction. On the other hand, when negative
type liquid crystal is used, the liquid crystal molecules are
aligned perpendicular to the electric field direction.

However, in the conventional IPS mode LCD, grey level
inversion is caused by birefringence of the liquid crystal
molecules as shown in FIG. 3a. Further, as shown in FIG.
3b, a white color is shifted to blue and yellow colors
respectively in A and B viewing directions shown in FIG. 1.

SUMMARY OF THE INVENTION

An object of the present invention is to prevent a color
shift in an in-plane switching mode liquid crystal display
device.

Another object of the present invention is to prevent a
grey level inversion in an in-plane switching mode liquid
crystal display device.
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Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

To achieve the objects and in accordance with the purpose
of the invention, as embodied and broadly described herein,
the in-plane switching mode liquid crystal display of the
present invention comprises: a first substrate having a plu-
rality of pixels, data and common electrodes over the first
substrate and substantially parallel with a reference
direction, a first alignment layer over the data and common
electrodes, wherein at least one of the plurality of pixels has
a plurality of domains, and at least two adjacent domains of
the plurality of domains have alignment directions opposite
one another with respect to the reference direction.

In another aspect the in-plane switching mode liquid
crystal display of the present invention comprises: a sub-
strate having a plurality of pixels, data and common elec-
trodes over the substrate and substantially parallel with a
reference direction, an alignment layer over the data and
common electrodes and having first and second domains
adjacent one another, each of the first and second domains
having at least one of the pluarity of pixels and an alignment
direction opposite that of the other domain with respect to
the reference direction.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the invention and together with the description,
serve to explain the principles of the invention.

In the figures:

FIG. 1 is a view showing the operation of liquid crystal
molecules in the conventional IPS mode LCD;

FIG. 2 is a view showing the long axis of the LC
molecules shown in FIG. 1;

FIGS. 3a and 3b are views showing a contrast ratio and
a color shift of the conventional IPS mode LCD respec-
tively;

FIGS. 44 and 4b are plan and sectional views showing an
IPS mode LCD according to the present invention,

FIG. 5 is a view showing the operation of liquid crystal
molecules in a first embodiment of the present invention;

FIG. 6 is a view showing a long axis of the LC molecules
shown in FIG. 5;

FIGS. 7a and 7b are views showing a viewing angle
characteristic and a color shift of the present invention
respectively;

FIG. 8 is a view showing a second embodiment of the
present invention;

FIG. 9 is a view showing a third embodiment of the
present invention; and

FIG. 10 is a view showing a fourth embodiment of the
present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
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the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

FIGS. 4a and 4b are plane and sectional views showing
one pixel region of the IPS LCD implemented according to
the present invention, where FIG. 4b is a sectional view
taken along line A-A' of FIG. 4a. As shown in these figures,
a gate bus line 1 and a data bus line 2 are aligned to cross
each other on a first substrate 10, defining a pixel region.
Although only one pixel region is shown in the figures, a
liquid crystal display device generally has a plurality of
pixel regions.

At the cross of gate and data bus lines 1 and 2, a thin film
transistor (TFT) is formed, which comprises a gate electrode
5, a gate insulating layer 12, a semiconductor layer 15, an n+
semiconductor layer 16, a source electrode 6 and a drain
electrode 7.

In the pixel region, a data electrode 8 and a common
electrode 9 are formed parallel to each other. Gate and
common electrodes 5 and 9 are connected electrically to gate
and common bus lines 1 and 3 respectively, and source and
drain electrodes 6 and 7 are connected electrically to data
bus line 2 and data electrode 8 respectively.

Gate and common electrodes 5 and 9 are formed by
etching a metal layer deposited by sputtering a metal such as
Al, Mo, Ta or Al alloy. Gate insulating layer 12 is formed by
depositing silicon oxide or silicon nitride on the surface of
first substrate 10 which includes gate electrode 5, common
electrode 9, and gate bus line 1. Semiconductor layer 15 is
formed by etching an amorphous silicon layer deposited on
gate insulating layer 12. n+ semiconductor layer 16 is
formed by depositing an n* amorphous silicon layer or
doping an n* ion into predetermined regions of the semi-
conductor layer 15. A passivation layer 20 is formed thereon
by depositing silicon oxide or silicon nitride. Data bus line
2, data electrode 8, source electrode 6, and drain electrode
7 are formed thereon by depositing and etching a metal such
as Cr.

On passivation layer 20, a first alignment layer 23a is
formed by coating polyimide, polyamide or photo alignment
materials. The polyimide or polyamide alignment layer is
rubbed to impart an alignment direction. On the other hand,
the photo-alignment layer such as polyvinylcinnamate or
polysiloxane based materials may also be used and be
exposed to an ultraviolet light to impart an alignment
direction.

On a second substrate 11, a black matrix 28 is formed to
prevent a leakage of light through the regions of the TFT and
gate, data and common bus lines 1, 2 and 3. Black matrix 28
is formed by depositing and patterning a Cr layer, a CrOx
layer, or a black resin layer. A color filter layer 29 is formed
thereon, which has one of R, G and B color filter elements
(not shown) in each of the pixel regions. A second alignment
layer 23b is formed thereon by coating polyimide or
polyamide, or photo-alignment materials such as polyvinyl-
cinnamate or polysiloxane based materials.

A liquid crystal layer 30 is formed by injecting liquid
crystal between the two substrates.

FIG. 5 is a view showing the operation of liquid crystal
(LC) molecules in a first embodiment of the present inven-
tion. FIG. 6 is a view showing the long axis of the LC
molecules shown in FIG. 5. Although not illustrated in
FIGS. 4a and 4b, this embodiment is characterized in that
one pixel region is divided into a first domain I and a second
domain II which are arranged parallel to the extension
direction of the two electrodes. In FIG. 5, only a pair of
electrodes 8 and 9 is illustrated for convenience of expla-
nation.
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As shown in FIGS. 5 and 6, data electrode 8 and common
electrode 9 are aligned in Y axis direction at an angle
0, =90° relative to the X axis direction that is the extension
direction of gate bus line 1 shown in FIG. 4a. 6,=180°
indicates an angle between the electric field and X axis
directions. Oz, and O, indicate angles of inclination
between the Y axis direction and the first and second
alignment directions respectively. 0, ., and 0, ., indicate the
rotated angles of LC molecules 35 and 36 in the first and
second domains respectively. In this embodiment, it is
preferable that the LC molecules 35 and 36 in the two
domains are aligned symmetrically relative to the extension
directions of electrodes 8 and 9.

When a voltage is not applied to the device, LC molecules
35 and 36 are aligned according to the alignment directions
of the first and second domains. A positive type liquid crystal
is used in this embodiment, and therefore the two alignment
directions are determined in the ranges of 0° to 45°. On the
other hand, when a negative type liquid crystal is used, the
two alignment directions are determined in the ranges of 45°
to 90°, In order to obtain an untwisted mode LCD, alignment
directions of the second alignment layer are determined to
be the same as alignment directions of the first alignment
layer. On the other hand, the alignment directions of the
second alignment layer are determined to be perpendicular
to the alignment directions of the first alignment layer to
obtain a twisted mode LCD.

When a voltage is applied to the device, liquid crystal
molecules 35 and 36 in the first and second domains are
rotated in opposite directions to each other by angles 9,4
and 0,,,, respectively, being symmetrical relative to the
extension direction of data and common electrode § and 9.

In this embodiment according to the present invention, the
grey level inversion and the color shift can be prevented by
the rotation of liquid crystal molecules in opposite
directions, improving the viewing angle characteristics.

FIGS. 3a and 3b are views showing the contrast ratio and
the color shift of the conventional IPS mode LCD
respectively, where grey level inversion regions are denoted
by the shaded areas. FIG. 7a and FIG. 7b are views showing
the contrast ratio and the color shift in the present invention
respectively. As shown in FIG. 3g, the conventional IPS
mode LCD has grey level inversion regions at polar viewing
angle 60° and at azimuthal viewing angles between 90° and
180° and between 270° and 0°, while there is no grey level
inversion in the LCD implemented according to the present
invention at polar viewing angle 60° as shown in FIG. 7a.

As shown in FIG. 3b, the conventional IPS mode LCD has
a wide white color shift, while the present invention has a
narrow white color shift as shown in FIG. 7b.

FIG. 8 is a view showing a second embodiment, wherein
one pixel region is divided into two domains which are
arranged perpendicular to the extension direction of elec-
trodes 8 and 9.

FIG. 9 is a view showing a third embodiment, wherein
one pixel region is divided into four domains. Alignment
directions in the two upper domains are inclined in opposite
directions to each other relative to the extension directions
of data and common electrodes 8 and 9. Alignment direc-
tions in the two lower domains are also inclined in opposite
directions to each other relative to the extension directions.
In this embodiment, alignment directions in two left
domains and in two right domains are inclined in opposite
directions to each other, compensating for grey level inver-
sions and color shifts of each other.

In the embodiments according to the present invention,
one pixel region is divided into a plurality of domains.
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Generally, it is preferable that half of the plural domains
have alignment directions clockwise inclined relative to the
extension directions of the data and common electrodes, and
the other half of the plural domains have alignment direc-
tions counterclockwise inclined relative to the extension
directions of the data and common electrodes, so that the
alignment directions of the half of the plural domains are
symmetrical to those of the other half of the plural domains
relative to the extension directions of the data and common
electrodes.

FIG. 10 is a view showing a fourth embodiment, wherein
the alignment directions in adjacent two pixel regions are
inclined in symmetrically opposing directions to each other
relative to the extension directions of two electrodes 8§ and
9. Further, the present invention can provide an IPS mode
LCD in which adjacent plural pixel regions of more than
two, for example four adjacent pixel regions, are aligned
symmetrically relative to the extension directions of data
and common electrodes 8 and 9, so that they are rotated in
opposite directions to each other. In this case, it is preferable
that half of the plural pixel regions have alignment direc-
tions inclined clockwise relative to the data and common
electrodes, and the other half of the plural pixel regions have
alignment directions inclined counterclockwise relative to
the data and common electrodes.

In the IPS mode LCD according to the present invention,
because each L.C molecules in plural domains or in adjacent
plural pixel regions are symmetrically rotated in opposite
directions so as to compensate for the angular dependence of
each other, grey level inversion and color shift are elimi-
nated to improve the viewing angle characteristics.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the in-plane
liquid crystal display device of the present invention and in
construction of this device without departing from the scope
or spirit of the invention.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. An in-plane switching mode liquid crystal display
device, comprising:

a first substrate having a plurality of pixel regions;

data and common electrodes on the first substrate;

a second substrate; and

a liquid crystal layer between the first and second
substrates, wherein at least two adjacent pixel regions
have respective alignment directions inclined in sym-
metrically opposing directions with respect to an
extending direction of the data and common electrodes.

2. The device of claim 1, wherein the pixel region has a
plurality of domains.

3. The device of claim 2, wherein alignment directions are
substantially parallel directions to the adjacent pixel region.

4. The device of claim 1, wherein the pixel region has at
least two domains.

5. The device of claim 1, wherein alignment directions are
substantially perpendicular directions to the adjacent pixel
region.

6. The device of claim 1, further comprising:

a first alignment layer on the first substrate; and

a second alignment layer on the second substrate.
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7. The device of claim 6, wherein the first and second
alignment layers include first and second alignment direc-
tions.

8. The device of claim 7, wherein the first alignment
direction includes O to 45 degrees.

9. The device of claim 7, wherein at least one of the first
and second alignment directions includes 45 to 90 degrees.

10. The device of claim 7, wherein the first alignment
direction is parallel with the second alignment direction.

11. The device of claim 7, wherein the first alignment
direction is perpendicular to the second alignment direction.

12. The device of claim 1, wherein the data and common
electrodes are different layers.

13. The device of claim 1, wherein the liquid crystal layer
includes a positive liquid crystal layer.

14. The device of claim 1, wherein the liquid crystal layer
includes a negative liquid crystal layer.

15. The device of claim 1, further comprising:

gate and data bus lines on the first substrate;

a thin film transistor crossing point of the gate and data

bus lines; and

a common line on the first substrate.

16. The device of claim 15, wherein the thin film tran-
sistor includes a gate electrode, a source electrode, and a
drain electrode.

17. The device of claim 15, wherein the common elec-
trode is electrically connected with the common line.

18. The device of claim 1, further comprising:

a black matrix layer on the second substrate; and

a color filter layer on the black matrix layer.

19. The device of claim 18, wherein the black matrix layer
includes one of a Cr layer, a CrOx layer, and a black resin
layer.

20. An in-plane switching mode liquid crystal display
device, comprising:

a first substrate having a plurality of pixel regions defined

by gate lines and data lines;

a common line extending across at least one pixel region;

data electrodes on the first substrate;

common electrodes on the first substrate and extending

from the common line and parallel to the data elec-
trodes;

a second substrate; and

a liquid crystal layer between the first and second

substrates, wherein at least two adjacent domains
within the pixel region have respective alignment direc-
tions inclined in symmetrically opposing directions
with respect to an extending direction of the data and
common electrodes.

21. The device of claim 20, wherein alignment directions
of one of the pixel regions are substantially perpendicular to
alignment directions of an adjacent one of the pixel regions.

22. The device of claim 20, wherein alignment directions
of one of the pixel regions are substantially parallel to
alignment directions of an adjacent one of the pixel regions.

23. The device of claim 20, further comprising:

a first alignment layer on the first substrate; and

a second alignment layer on the second substrate.

24. The device of claim 23, wherein the first and second
alignment layers include first and second alignment direc-
tions.

25. The device of claim 24, wherein the first alignment
direction includes O to 45 degrees.

26. The device of claim 24, wherein the first alignment
direction includes 45 to 90 degrees.
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27. The device of claim 24, wherein the first alignment 33. The device of claim 32, wherein the thin film tran-
direction is parallel with the second alignment direction. sistor includes a gate electrode, a source electrode, and a

28. The device of claim 24, wherein the first alignment drain electrode. ) )
direction is perpendicular to the second alignment direction. 34. The device of claim 32, wherein the common elec-
29. The device of claim 20, wherein the data and common 5 trode is electngally conr}ected with the common line.
eloctrodes are different layer’s 35. The device of claim 20, further comprising:

black matrix 1 th d substrate; and
30. The device of claim 20, wherein the liquid crystal g coeigr gf&;lﬁy?rlegno?he &:zioga;lilx ?ar;efr:., an

layer includes a positive .liquid crystal .layer. o 36. The device of claim 35, wherein the black matrix layer
31. The device of claim 20, wherein the liquid crystal  includes one of a Cr layer, a CrOx layer, and a black resin
layer includes a negative liquid crystal layer. 10 layer.

32. The device of claim 20, further comprising a thin film
transistor crossing point of the gate and data bus lines. ok ok E %
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