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An alignment layer for a display device may include a plu-
rality of rubbing patterns formed on its surface, wherein each
of the rubbing patterns includes a first pattern intersecting a
center axis at a first angle, and a second pattern connected to
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angle, and the first pattern and the second pattern are alter-
nately repeated. A liquid crystal display device includes the
alignment layer, and a method and apparatus for treating the
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ALIGNMENT LAYER FOR DISPLAY DEVICE,
LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING THE SAME AND METHOD AND
APPARATUS FOR TREATING THE SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 5 Sep. 2011 and there duly
assigned Serial No. 10-2011-0089784.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an alignment layer
for a display device, a liquid crystal display device including
the same, and a method and apparatus for treating the same,
and more particularly to a rubbed alignment layer for a dis-
play device, a liquid crystal display device including the
rubbed alignment layer, and a method and apparatus for rub-
bing the alignment layer.

[0004] 2. Description of the Related Art

[0005] Aliquid crystal display deviceis adisplay device for
controlling light retardation by causing a change in the refrac-
tive index of liquid crystals such that alignment of the liquid
crystals is changed according to a potential difference
between a voltage applied to a common electrode and a volt-
age applied to a pixel electrode. In order to improve a
response speed of the liquid crystal display device by impart-
ing a predetermined direction to liquid crystals and to
increase visibility of the liquid crystal display device, the
liquid crystal display device may include an alignment layer
formed on a surface contacting a liquid crystal layer of an
upper or lower substrate of a liquid crystal panel.

[0006] In order to orient the liquid crystals, the alignment
layer may be treated by, for example, rubbing, oblique depo-
sition, polymer stretching, optical alignment, ion beam irra-
diation, and so on. Among others, the rubbing is to treat the
alignment layer by rubbing or abrading a surface of the align-
ment layer in a desired direction using a rubbing member.

[0007] Sinceliquid crystal particles haveanindex of refrac-
tion anisotropy, the liquid crystal display device may display
different images according to the viewer’s observation angle.
In order to widen the viewing angle of a liquid crystal display
device, the liquid crystal display device may include a plu-
rality of domains. Compared to aliquid crystal display device
having a single domain, the liquid crystal display device
having multiple domains may have a reduced difference in the
average refractive indices of liquid crystal particles viewed
according to the viewing angle, thereby achieving widening
of the viewing angle of the liquid crystal display device.
[0008] In order to multiply domains, several approaches,
including adjusting electrode patterns, forming protrusions
for separating domains, etc., may be attempted. However,
these approaches are very complicated and may affect display
characteristics, for example, brightness.

SUMMARY OF THE INVENTION

[0009] The present invention provides an alignment layer
having a zigzag-shaped rubbing pattern, which establishes
directionality of liquid crystal alignment.
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[0010] The present invention also provides a liquid crystal
display device including an alignment layer having a zigzag-
shaped rubbing pattern, which establishes directionality of
liquid crystal alignment.

[0011] The present invention also provides a method of
treating an alignment layer having a zigzag-shaped rubbing
pattern, which establishes directionality of liquid crystal
alignment.

[0012] The present invention also provides an apparatus for
treating an alignment layer having a zigzag-shaped rubbing
pattern, which establishes directionality of liquid crystal
alignment.

[0013] These and other objects of the present invention will
be described in, or be apparent from, the following descrip-
tion of the preferred embodiments.

[0014] According to an aspect of the present invention,
there is provided an alignment layer for a display device. The
alignment layer may include a plurality of rubbing patterns
formed onits surface, wherein each ofthe plurality of rubbing
patterns includes a first pattern intersecting the center axis at
a first angle, and a second pattern connected to the first pattern
and intersecting the center axis at a second angle, the first
pattern and the second pattern being alternately repeated.

[0015] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device which
may include a first insulating substrate, a second insulating
substrate positioned above the first insulating substrate and
facing the first insulating substrate, and a liquid crystal layer
formed between the first insulating substrate and the second
insulating substrate, wherein at least one of the first insulating
substrate and the second insulating substrate includes an
alignment layer having a zigzag-shaped rubbing pattern
formed on a surface facing the liquid crystal layer.

[0016] According to still another aspect of the present
invention, there is provided a method of treating an alignment
layer. The method may include preparing a display panel
having an alignment layer on its one surface, placing the
display panel on a support, bringing a rubbing member into
contact with the alignment layer, and rubbing the alignment
layer by transferring the alignment layer and the rubbing
member relatively with respect to each other, wherein the
rubbing of the alignment layer comprises transferring the
rubbing member or the alignment layer in a first direction
while allowing the rubbing member to reciprocate relative to
the alignment layer in a second direction different from the
first direction.

[0017] According to a further aspect of the present inven-
tion, there is provided an apparatus for treating an alignment
layer. The apparatus may include a support that supports a
display panel having an alignment layer on its one surface, a
first transfer means that transfers the rubbing member or the
supportin a firstdirection at a first relative speed, and a second
transfer means that transfers the rubbing member or the sup-
port to reciprocate in a second direction, different from the
first direction, at a second relative speed.

[0018] The embodiments of the present invention provide
at least the following effects.

[0019] That is to say, the embodiments of the present inven-
tion may provide an alignment layer including a zigzag-
shaped rubbing pattern, which can be used for a display
device having liquid crystals which are aligned in different
directions, and a liquid crystal display device using the align-
ment layer.
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[0020] In addition, according to the embodiments of the
present invention, a plurality of domains having liquid crys-
tals aligned in different directions can be formed by the zig-
zag-shaped rubbing pattern, thereby improving a viewing
angle of the liquid crystal display device.

[0021] Furthermore, according to the embodiments of the
present invention, the alignment layer and the display device
can be easily manufactured without involving complicated
processes, thereby improving the processing efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0023] FIG. 1 is an exploded perspective view of a liquid
crystal display device according to an embodiment of the
present invention;

[0024] FIG.2isalayout view of a first substrate of a display
panel according to an embodiment of the present invention;
[0025] FIG. 3 is a cross-sectional view of the first substrate
taken along the line [1I-I1I' of FIG. 2;

[0026] FIG. 41isa cross-sectional view of the display panel
taken along the line IV-IV' of FIG. 2;

[0027] FIGS. 5 and 6 are layout views of the display panel
shown in FIG. 2;

[0028] FIGS. 7 and 8 are layout views of rubbing patterns
formed in an alignment layer according to an embodiment of
the present invention;

[0029] FIG.9is a layout view of a display panel according
to another embodiment of the present invention;

[0030] FIG.10is across-sectional view of the display panel
taken along the line X-X' of FIG. 9;

[0031] FIG.11isalayout view ofa display panel according
to still another embodiment of the present invention;

[0032] FIG.12isalayout view ofadisplay panel according
to still another embodiment of the present invention;

[0033] FIGS. 13 and 14 are perspective views of an appa-
ratus for treating an alignment layer;

[0034] FIG.15isaplanviewofthe apparatus fortreating an
alignment layer;

[0035] FIGS. 16 and 17 are cross-sectional views of the
apparatus for treating an alignment layer;

[0036] FIGS. 18 and 19 are plan views of the apparatus for
treating an alignment layer; and

[0037] FIG. 20 is a flowchart illustrating a method of treat-
ing an alignment layer.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. The same reference numbers indicate the
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same components throughout the specification. In the
attached figures, the thickness of layers and regions is exag-
gerated for clarity.

[0039] Tt will also be understood that, when a layer is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. In contrast, when an element is referred
to as being “directly on” another element, there are no inter-
vening elements present.

[0040] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’ and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element or feature or other elements or
features, as illustrated in the figures. It will be understood that
the spatially relative terms are intended to encompass differ-
ent orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein may be interpreted accord-
ingly.

[0041] Theuseoftheterms “a”, “an” and “the”, and similar
references, in the context of describing the invention (espe-
cially in the context of the following claims) is to be construed
as covering both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to
be construed as open-ended terms (i.e., meaning “including,
but not limited to,”) unless otherwise noted.

[0042] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. It is noted that the use of any and all
examples, or exemplary terms, provided herein is intended
merely to better illuminate the invention and is not a limita-
tion on the scope of the invention unless otherwise specified.
Furthermore, unless defined otherwise, all terms defined in
generally used dictionaries may not be overly interpreted.

[0043] The present invention will be described with refer-
ence to perspective views, cross-sectional views, and/or plan
views, in which preferred embodiments of the invention are
shown. Thus, the profile of an exemplary view may be modi-
fied according to manufacturing techniques and/or allow-
ances. That is, the embodiments of the invention are not
intended to limit the scope of the present invention, but cover
all changes and modifications that can be caused due to a
change in manufacturing process. Thus, regions shown in the
drawings are illustrated in schematic form and the shapes of
the regions are presented simply by way of illustration and not
as a limitation.

[0044] Embodiments of the present invention will be
described with reference to the accompanying drawings.
[0045] FIG. 1 is an exploded perspective view of a liquid
crystal display device according to an embodiment of the
present invention.

[0046] Referring to FIG. 1, the liquid crystal display device
1000 may include a top receiving container 100, a display
panel 200, a backlight assembly 300 and a bottom receiving
container 400.
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[0047] The top receiving container 100 and the bottom
receiving container 400 form a space in which to receive the
display panel 200 and the backlight assembly 300.

[0048] The display panel 200 includes a first substrate 210,
a second substrate 250 and a liquid crystal layer (not shown)
interposed between the first and second substrates 210 and
250, respectively. Each of the first substrate 210 and the
second substrate 250 may include an alignment layer (not
shown) formed on a surface contacting the liquid crystal
layer. Each alignment layer includes a zigzag-shaped rubbing
pattern to form two or more domains by differently setting
initial alignment directions of liquid crystals. The alignment
layer will be described later in more detail.

[0049] Although not shown, the display panel 200 may
further include a driver. The driver may be mounted on the
first substrate 210. The driver may be formed as a separate
chip to then be attached to the first substrate 210 using a chip
on film (COF) process, a tape carrier package (TCP) process,
or a chip on glass (COG) process.

[0050] The backlight assembly 300 is disposed below the
display panel 200. The backlight assembly 300 may include
optical films 310, 320 and 330, a lamp 340, a reflective cover
350, a light guide plate 360 and a reflection plate 370.
[0051] The optical films may include one or more of a
protection film 310, a prism sheet 320 and a diffusion sheet
330, and may allow light to be evenly incident throughout the
display panel 200 by controlling a traveling direction of light
or diffusing the light.

[0052] The lamp 340 is provided under the optical films
310, 320 and 330. The lamp 340 emits light and may include
alight emitting diode (LED), a cold cathode fluorescent lamp
(CCFL) or an external electrode fluorescent lamp (EEFL).
[0053] Thebacklight assembly 300 may further include the
reflective cover 350 to receive the lamp 340. The reflective
cover 350 may have a ‘U’ shape, for example. The reflective
cover 350 reflects the light generated from the lamp 340
toward the light guide plate 360.

[0054] The light guide plate 360 guides the light supplied
from the lamp 340 and transmits the same to the optical films
310, 320 and 330 positioned above the light guide plate 360.
[0055] The reflection plate 370 may be disposed below the
light guide plate 360 and may reflect the light from the reflec-
tion plate 370 upwardly, as shown in FIG. 1, thereby improv-
ing the overall brightness.

[0056] Next, the display panel 200 will be described in
detail.
[0057] FIG.2isalayout view of a first substrate of a display

panel according to an embodiment of the present invention,
FIG. 3 is a cross-sectional view of the first substrate taken
along the line ITI-III' of F1G. 2, and FIG. 4 is a cross-sectional
view of the display panel taken along the line IV-IV' of FIG.
2. In the latter regard, a cross section of the first substrate
shown in FIG. 3 is taken along the line III-III' of FIG. 2, and
a cross section of the first substrate shown in FIG. 4 is taken
along the line IV-IV' of FIG. 2.

[0058] Referring to FIG. 2, the display panel 200 may
include a plurality of pixels defined at regions where a plu-
rality of gate lines 217 and a plurality of data lines 214 cross
each other. The pixels may be repeatedly arranged in a matrix
form.

[0059] Referring to FIGS. 2 and 3, the first substrate 210
includes a plurality of thin film transistors arrayed on a first
insulating substrate 211, each of the thin film transistors
including a gate electrode 221, a semiconductor layer 223, a
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data electrode 224 and a drain electrode 225. The drain elec-
trode 225 is physically and electrically connected to a pixel
electrode 215.

[0060] The first substrate 210 will now be described in
more detail. The gate lines 217 and the gate electrodes 221,
made of a conductive material, are formed on the first insu-
lating substrate 211 made of transparent glass or plastic mate-
rial. The gate lines 217 extend in a first direction, and the gate
electrodes 221 may be connected to the gate lines 217. The
gate electrodes 221 may extend from the gate lines 217. The
gate electrodes 221 may be formed around interconnections
of the gate lines 217 and the data lines 214.

[0061] A gate insulation layer 222, made of silicon nitride
or silicon oxide, 1s stacked on the gate lines 217 and the gate
electrodes 221. A semiconductor layer 223, made of hydro-
genated amorphous silicon, is formed on the gate insulation
layer 222. At least a portion of the semiconductor layer 223
overlaps the gate electrodes 221.

[0062] The data line 214, the data electrode 224 branched
from the data line 214, and the drain electrode 225 spaced
apart from the data electrode 224 made of a conductive mate-
rial with respect to the gate electrode 221, are formed on the
semiconductor layer 223. The data line 214 extends in a
second direction perpendicular to the first direction. An
ohmic contact layer (not shown), made of heavily doped n+
hydrogenated amorphous silicon, may be interposed between
the data electrode 224 and the semiconductor layer 223 under
the data electrode 224, and between the drain electrode 225
and the semiconductor layer 223 under the drain electrode
225. The gate electrode 221, the data electrode 224 and the
drain electrode 225 constitute terminals of a thin film transis-
tor, and the semiconductor layer 223 forms a channel portion
of the thin film transistor.

[0063] An insulation layer 226 may be formed on the data
electrode 224 and the drain electrode 225. The insulation
layer 226 may be a stacked layer of an inorganic insulation
layer and an organic insulation layer. The insulation layer 226
may be a planarization layer or a passivation layer.

[0064] A pixel electrode 215 and a common electrode 213
may be formed on the insulation layer 226. The pixel elec-
trode 215 and the common electrode 213 may be made of a
transparent material such as indium tin oxide (ITO) or indium
zine oxide (IZQ). The pixel electrode 215 and the common
electrode 213 are at least partially spaced apart from each
other and face each other.

[0065] In more detail, according to embodiments of the
present invention, the pixel electrode 215 may include a plu-
rality of sub pixel electrodes and connecting pixel electrodes.
The respective sub pixel electrodes may extend in a second
direction, for example. The respective sub pixel electrodes
may be electrically connected through the connecting pixel
electrodes extending in the first direction. That is to say, the
sub pixel electrodes may be electrodes branched from the
connecting pixel electrodes. The pixel electrodes 215 may be
electrically connected to the drain electrodes 225 through
contacts formed in the insulation layer 226. The pixel elec-
trode 215 formed at one pixel may be electrically discon-
nected from the pixel electrode 215 formed at an adjacent
pixel.

[0066] The common line 218 is formed in a third direction,
which may be perpendicular to the second direction and par-
allel to the first direction. The display panel 200 may include
a plurality of common lines parallel to each other. The com-
mon electrodes 213 may be branched from the common lines
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218, and a common voltage may be applied to the common
electrodes 213 through the common line 218.

[0067] The common electrodes 213 may be electrodes
branched from the common line 218. While FI1G. 2 shows that
the common electrodes 213 are branched from three points of
the common line 218 and extend in a downward direction d1,
the invention is not limited thereto. The common electrodes
213 may have various shapes according to the shape of the
pixel electrode 215 so as to appropriately set a direction of an
electric field formed by the common electrode 213 and the
pixel electrode 215. In addition, the number of electrodes
branched from the common electrode 213 may also vary. The
respective common electrodes 213 may be electrically con-
nected through the common lines 218 extending in, for
example, the third direction. The common lines 218 may
extend in the third direction to cover two or more pixels.
Therefore, the common electrode 213 formed at one pixel
may be electrically connected to the common electrode 213
formed at the pixel adjacent to the one pixel in the third
direction through the common line 218.

[0068] A first alignment layer 212 (FIG. 3) is formed on a
top surface of the first substrate 210. The first alignment layer
212 may include an inorganic material or an organic material.
The inorganic material may be Si0, and the organic material
may be polyimide. The first alignment layer 212 may include,
for example, a zigzag-shaped rubbing pattern formed on its
surface.

[0069] The second substrate 250 (FIG. 4) may include a
second insulating substrate 251 made of a transparent glass or
plastic material. A black matrix 252 and a color filter layer
253 are formed on the second insulating substrate 251. At
least a portion of the black matrix 252 overlaps the gate line
217 and the data line 214 of FIG. 2, thereby defining a pixel.
The color filter layer 253 is disposed in a space exposed by the
black matrix 252. The color filter layer 253 may include, for
example, red, green and blue color filter layers. An overcoat
layer 254 may be formed on the color filter layer 253.
[0070] A second alignment layer 255 is formed on a bottom
surface of the second substrate 250. The second alignment
layer 255 may have substantially the same composition and
rubbing pattern as those of the first alignment layer 212.
[0071] A spacer (not shown) may be interposed between
the first substrate 210 and the second substrate 250 with a cell
gap maintained. The cell gap between the first substrate 210
and the second substrate 250 is filled with liquid crystal
molecules to form a liquid crystal layer 260. An initial align-
ment angle of liquid crystal molecules of the liquid crystal
layer 260 may depend on rubbing directions of the first align-
ment layer 212 and/or the second alignment layer 255.
[0072] Hereinafter, the rubbing pattern of the alignment
layer according to an embodiment of the present invention
will be described in detail with regard to the first alignment
layer 212 formed on the first substrate 210, but it is obvious
that the same inventive concept may also be applied to the
second alignment layer 255.

[0073] FIGS. 5 and 6 are layout views of the display panel
shown in FIG. 2; and FIGS. 7 and 8 are layout views of
rubbing patterns formed in an alignment layer according to an
embodiment of the present invention.

[0074] Thus, FIGS. 5 to 8 illustrate a relationship between
the initial alignment angle of liquid crystal molecules and the
rubbing pattern of the first alignment layer formed on the first
substrate of the display panel. In this embodiment, the rub-
bing pattern may mean a pattern formed on a surface of the
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alignment layer through a process ofrubbing the alignment
layer while bringing a rubbing member into contact with the
alignment layer. The rubbing pattern may be akind of scratch,
which may or may not be discernable by the naked eye.
[0075] Referring to FIGS. 5 and 6, a rubbing pattern P of the
first alignment layer may have a zigzag configuration. Liquid
crystal molecules X are initially aligned such that a rubbing
direction coincides with the major axis of the liquid crystal
molecules X. Assuming that an alignment angle of the liquid
crystal molecules X is defined as an angle formed by a refer-
ence line of the liquid crystal molecules X (for example, a first
direction) and the major axis of the liquid crystal molecules
X, initial alignment angles of the liquid crystal molecules X
may vary by domain according to the zigzag configuration of
the rubbing pattern P. The regions having different initial
alignment angles constitute different domains N1 and N2.
Since a plurality of domains N1 and N2 are formed in a single
pixel, the overall viewing angle of the display apparatus can
be improved.

[0076] Insome embodiments, a rubbing pattern P having a
zigzag configuration may be arranged over a plurality of
pixels. That is to say, the zigzag-shaped rubbing pattern P is
repeatedly arranged within a single pixel, thereby forming a
plurality of domains in the single pixel. Alternatively, a first
pattern P1 and a second pattern P2 may be arranged over a
plurality of pixels adjacent to each other, thereby forming a
plurality of domains in the plurality of pixels.

[0077] FIG. 7is a layout view of a rubbing pattern formed
in an alignment layer according to an embodiment of the
present invention.

[0078] Referring to FIG. 7, the rubbing pattern P formed in
the alignment layer includes a first pattern P1 and a second
pattern P2 connected to each other. The first pattern P1 and the
second pattern P2 have a predetermined intersecting angle of
greater than 0° and smaller than 180°. In other words, anangle
formed between the first pattern P1 and a specific reference
line and an angle formed between the second pattern P2 and
a specific reference line may be different from each other.
[0079] In detail, assuming that the rubbing pattern P is
formed in an upward direction from a lower portion of FIG. 7,
the first pattern P1 passes through an imaginary center axis Al
in adirection ranging from a first region C1 to a second region
C2, the imaginary center axis Al dividing a surface of the
alignment layer into the first region C1 and the second region
C2.Meanwhile, the second pattern P2 is connected to the first
pattern P1 and passes through the imaginary center axis Al in
a direction ranging from the second region C2 to the first
region C1. In some embodiments, assuming that the specific
reference line is parallel to the first direction, when an angle
formed between the first pattern P1 and the first direction is
one of an acute angle and an obtuse angle, an angle formed
between the second pattern P2 and the first direction may be
the other of an acute angle and an obtuse angle.

[0080] Meanwhile, the imaginary center axis Al shown in
FIG. 7 may extend in substantially the same direction as a
direction in which the pixel electrode 215 and the common
electrode 213 shown in FIG. 2 extend. In this case, angles
formed between each of the first pattern P1 and the second
pattern P2 of'the alignment layer, and the pixel electrode 215
or the common electrode 213, may be the same as stated
above.

[0081] The first pattern P1 and the second pattern P2 may
serve as references for dividing the liquid crystal layer into
multiple domains. That is to say, as shown in FIG. 5, a first
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domain in which an initial alignment angle of liquid crystal
molecules is formed in the same direction as the direction in
which the first pattern P1 extends may be formed in a region
where the first pattern P1 is formed, while a second domain in
which an initial alignment angle of liquid crystal molecules is
formed in the same direction as the direction in which the
second pattern P2 extends may be formed in a region where
the second pattern P2 is formed. In such a manner, a viewing
angle of the liquid crystal display device can be improved by
dividing the liquid crystal layer into two or more domains.
[0082] FIG. 8 is a layout view of a rubbing pattern formed
in an alignment layer according to an embodiment of the
present invention.

[0083] Referring to FIG. 8, liquid crystal molecules X1 and
X2 are arranged differently according to the voltage applied
to the common electrode 213 and the pixel electrode 215. For
example, in the absence of voltage applied to the pixel elec-
trode 215, that is, in an initially aligned state, the liquid crystal
molecules are arranged in parallel with the direction in which
the rubbing pattern P extends, and the rubbing pattern P
having a zigzag configuration has two types of alignment of
the liquid crystal molecules X1 and X2. As the voltage
applied to the pixel electrode 215 increases, the liquid crystal
molecules X1 rotate clockwise and the liquid crystal mol-
ecules X2 rotate counterclockwise. Thus, when the voltage
applied to the pixel electrode 215 becomes maximum, the
liquid crystal molecules are arranged in a direction perpen-
dicular to the pixel electrode 215 and the common electrode
213, so that the liquid crystal molecules X1 and X2 are tilted
so as to become liquid crystal molecules X1'and X2, respec-
tively. While the relationship between the voltage applied to
the pixel electrode 215 and alignment of liquid crystal mol-
ecules has been described through an exemplary embodi-
ment, the present invention is not limited thereto. According
to the embodiment of the present invention, since there are
two types of alignment of the liquid crystal molecules X1 and
X2, itis possible to suppress occurrence of a phenomenon in
which a display screen of a liquid crystal display device turns
blue or yellow according to the observation angle or viewing
angle of the liquid crystal display device, which may occur
when there is only one type of alignment of liquid crystal
molecules.

[0084] In addition, an angle 86 or 87 between the rubbing
pattern P and the common electrode 213 may be set so as not
to exceed a predetermined range. In detail, arrangement of the
liquid crystal molecules in the absence of voltage applied to
the pixel electrode 215 becomes X1 or X2 due to the rubbing
pattern P. Thus, since X2 is rotated within an angle range of
(90°-66) and X4 is rotated within an angle range of (90°-67),
an increase in the angle 66 or 67 may reduce a rotation angle
range of liquid crystal molecules.

[0085] Withregard to the angle between the rubbing pattern
P and the common electrode 213, the same may be true of an
angle between the rubbing pattern P and the pixel electrode
215, an angle between the rubbing pattern P and the data line
214 shown in FIG. 2, an angle between the rubbing pattern P
and the imaginary center axis Al shown in FIG. 7, an angle
between the rubbing pattern P and the common electrode
shown in FIG. 6, and an angle between the direction d1
extending from the common line 218.

[0086] FIG.9is alayout view of a display panel according
to another embodiment of the present invention, and FIG. 10
is a cross-sectional view of the display panel taken along the
line X-X' of FIG. 9.
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[0087] Referring to FIGS. 9 and 10, the display panel 600
according to another embodiment of the present invention
includes a first substrate 610, a second substrate 650 and a
liquid crystal layer 660.

[0088] The first substrate 610 includes a first insulating
substrate 611, a thin film transistor 620 formed on the first
insulating substrate 611, a gateline 617, a pixel electrode 615,
adataline 614, a data electrode 624, a drain electrode 625, an
insulation layer 626 formed on the pixel electrode 615, and a
first alignment layer 612 positioned on a contact surface
between the first substrate 610 and the liquid crystal layer
660.

[0089] The pixel electrode 615 is opposed to the common
electrode 655. The pixel electrode 615 is substantially the
same as the pixel electrode shown in FIGS. 2 to 4, and
repeated descriptions will be omitted.

[0090] Since the first insulating substrate 611, the thin film
transistor 620, the gate line 617, the data line 614 and the first
alignment layer 612 are substantially the same as the corre-
sponding components shown in FIGS. 2 to 4, repeated
descriptions thereof will be omitted.

[0091] The second substrate 650 includes a second insulat-
ing substrate 651, a black matrix 652 formed on the second
insulating substrate 651, color filters 653, an overcoat layer
654, a common electrode 655, and a second alignment layer
656 positioned on a contact surface between the second sub-
strate 650 and the liquid crystal layer 660.

[0092] The common electrode 655 may be formed on the
entire bottom surface of the second insulating substrate 651,
and may be made of a transparent material. Specifically, the
common electrode 655 may be made of a transparent conduc-
tive material such as ITO or IZO.

[0093] Since the second insulating substrate 651 and the
second alignment layer 656 are substantially the same as the
second insulating substrate 251 and the first alignment layer
212 shown in FIG. 4, repeated descriptions thereof will be
omitted.

[0094] According to this embodiment, the first alignment
layer 612 or the second alignment layer 656 may have a
zigzag-shaped rubbing pattern on a surface thereof contacting
the liquid crystal layer 660. The first alignment layer 612 and
the second alignment layer 656, each having a zigzag-shaped
rubbing pattern, may be set to have different initial alignment
directions of liquid crystal molecules so as to form two or
more domains, thereby improving viewing angle of the liquid
crystal display device.

[0095] FIG. 11is alayout view of a display panel according
to still another embodiment of the present invention.

[0096] Referring to FIG. 11, the display panel 700 accord-
ing to still another embodiment of the present invention
includes a first substrate and a second substrate. The second
substrate includes a zigzag-shaped common electrode 713
and a zigzag-shaped pixel electrode 715 formed in parallel so
as to be adjacent to each other.

[0097] In some embodiments, a rubbing pattern P6 may
have a zigzag configuration. A bent angle (68 or 89) of the
common electrode 713 or the pixel electrode 715 may be
different from a bent angle (610) of the rubbing pattern P and
a plurality of domains N5 and N6 having different initial
alignment directions of liquid crystal molecules, thereby
improving viewing angle of a liquid crystal display device.
[0098] Since the other components of the display panel 700
are substantially the same as those of the display panel shown
in FIGS. 2 to 4, repeated descriptions will be omitted.
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[0099] FIG.12isalayout view ofa display panel according
to still another embodiment of the present invention.

[0100] Referring to FIG. 12, the display panel 800 accord-
ing to still another embodiment of the present invention
includes a sinusoidal wave shaped rubbing pattern P7.
[0101] In some embodiments, the rubbing pattern P7 may
have a sinusoidal wave shape. Alternatively, the rubbing pat-
tern P7 may be formed in a curvilinear shape, which is not
exactly the same as the sinusoidal wave shape. However, the
rubbing pattern P7 is formed in a predetermined direction
while performing curvilinear reciprocating motions at sub-
stantially the same pace. Since the initial alignment direction
of liquid crystal molecules is determined according to the
shape of the rubbing pattern P7, domains N7 and N8 having
different initial alignment directions are formed. While FIG.
12 illustrates only two domains N7 and N8 by way of
example, the rubbing pattern P7 is curved, and a plurality of
domains having various initial alignment directions may be
formed in addition to the domains N7 and N8. Therefore, the
liquid crystal display device including the plurality of
domains may have improved viewing angle.

[0102] Hereinafter, an apparatus of treating an alignment
layer for forming a rubbing pattern will be described with
reference to FIGS. 13 to 19.

[0103] FIGS. 13 and 14 are perspective views of an appa-
ratus for treating an alignment layer, FIG. 151s a plan view of
the apparatus for treating an alignment layer, FIGS. 16 and 17
are cross-sectional views of the apparatus for treating an
alignment layer, and FIGS. 18 and 19 are plan views of the
apparatus for treating an alignment layer.

[0104] Referring to FIG. 13, the apparatus for treating an
alignment layer may include a support 1100, a rubbing mem-
ber 1200, a first transfer means M1, and a second transfer
means M2.

[0105] As shown in FIG. 13, the support 1100 allows a
display panel 290 having an alignment layer on its one surface
to be placed thereon. Although not shown, the support 1100
may further include a fastening unit for supporting the display
panel 290. The fastening unit mechanically fixes the display
panel 290. Alternatively, the fastening unit may fix the display
panel 290 by adsorption.

[0106] Therubbing member1200 may be shaped as a rotat-
able roller that is surface-treated with fabric. Although not
shown, the rubbing member 1200 may be shaped as a non-
rotatable roller. If the rubbing member 1200 is shaped as a
rotatable roller, the roller may rotate in a clockwise direction,
as shown in FIGS. 16 and 17. However, the roller may also
rotate in a counterclockwise direction.

[0107] AsshowninFIG. 13, the rubbing member 1200 may
be spaced apart from the display panel 290 placed on the
support 1100. As shown in FIG. 14, the rubbing member 1200
may be in contact with the display panel 290 placed on the
support 1100. When the rubbing member 1200 is in contact
with the display panel 290 placed on the support 1100, as
shown in FIG. 14, a predetermined pressure may be applied to
the display panel 290 by means of the rubbing member 1200.
[0108] As shown in FIG. 15, the alignment layer treating
apparatus may rub an alignment layer using a rubbing mem-
ber 1200 by allowing the rubbing member 1200 or the display
panel 290 to reciprocate in a second direction d6 at a second
relative speed while transferring the alignment layer in a first
direction d5 at a first relative speed, in a state in which the
rubbing member 1200 and the display panel 290 come into
contact with each other. The first direction d5 and the second
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direction d6 may not be equal to each other, and an angle
between the first direction d5 and the second direction d6 may
not be 0° or 180°. For example, the first direction d5 and the
second direction d6 may be perpendicular to each other.
[0109] The transfer of the display panel 290 or the rubbing
member 1200 in the first direction d5 or the second direction
d6 may be performed using the first transfer means M1 or the
second transfer means M2.

[0110] The first transfer means M1 is capable of moving an
object connected thereto in a particular direction. As an
example, as shown in FIG. 16, the first transfer means M1
may be connected to the rubbing member 1200 and may
transfer the rubbing member 1200 in the first direction d5. As
another example, as shown in F1G. 17, the first transfer means
M1 may be connected to the support 1100 and may transfer
the support 1100 and the display panel 290 placed on the
support 1100 in a direction d7 opposite to the first direction
ds.

[0111] The second transfer means M2 allows an object
connected thereto to reciprocate in a particular direction. In
addition, the second transfer means M2 allows an object
connected thereto to reciprocate by oscillation. In order to
allow the object connected to the second transfer means M2 to
reciprocate, the second transfer means M2 may include a
piezoelectric actuator. As an example, as shown in FIG. 18,
the second transfer means M2 may be connected to the rub-
bing member 1200, and may transfer the rubbing member
1200 in the second direction d6. As another example, as
shown in FIG. 19, the second transfer means M2 may be
connected to the support 1100, and may transfer the support
1100 and the display panel 290 placed on the support 1100 in
the seconnd direction d6.

[0112] Hereinafter, a method of treating an alignment layer
will be described with reference to FIGS. 13 to 19 and 20.
FIG. 20 is a flowchart illustrating a method of treating an
alignment layer.

[0113] Referring to FIG. 20, the method of treating an
alignment layer includes preparing a display panel (S1), plac-
ing the display panel on a support (S2), bringing a rubbing
member into contact with an alignment layer (S3), and rub-
bing the alignment layer in a first direction at a first relative
speed using the rubbing member, while allowing the rubbing
member to reciprocate on the display panel in a second direc-
tion at a second relative speed (S4).

[0114] In the preparation of the display panel (S1), the
display panel may be one of the first substrate 210 and the
second substrate 250 shown in FIG. 4, the first substrate 610
and the second substrate 650 shown in FIG. 10, or a display
panel having an alignment layer on at least one surface
thereof.

[0115] The placing of the display panel on the support (S2)
may include placing the display panel 290 on the support
1100, as shown in FIG. 13. The placing of the display panel on
the support (S2) may include placing the display panel on the
support such that its surface, having the alignment layer
formed thereon, is exposed. The display panel 290 may be
fixed to the support 1100. Although not shown, the display
panel 290 may be fixed to the support 1100 by means of a
fastening unit.

[0116] The bringing of the rubbing member into contact
with an alignment layer (S3) may include bringing the rub-
bing member 1200 on one surface of the display panel 290.
Here, the one surface of the display panel contacting the
rubbing member 1200 may have the alignment layer formed
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thereon. A predetermined pressure may be applied to the
display panel 290 by use of the rubbing member 1200 while
the rubbing member 1200 contacts the one surface of the
display panel 290.

[0117] Therubbing of the alignment layer (S4) may include
allowing the rubbing member 1200 to reciprocate in the sec-
ond direction d6 at a second relative speed while transferring
the rubbing member 1200 relative to the display panel 290 in
a first direction d5 at a first relative speed, in a state in which
the rubbing member 1200 is brought into contact with the
alignment layer formed on one surface of the display panel
290.

[0118] Thefirst direction d5 and the second direction d6 are
notequal to each other. For example, the first direction d5 and
the second direction d6 may be perpendicular to each other.
[0119] According to this embodiment, when the rubbing
member 1200 is allowed to reciprocate in the second direction
dé with respect to the display panel 290, the reciprocating
may be performed at a pace ranging from 0.2 to 3 millimeters.
[0120] AsshowninFIG. 16, in order to transfer the rubbing
member 1200 in the first direction d5 with respect to the
display panel 290, the display panel 290 may be transferred in
the first direction d5. The transferring of the rubbing member
1200 in the first direction d5 may be performed using the first
transfer means M1 connected to the rubbing member 1200.
[0121] AsshowninFIG. 17, inorder to transfer the rubbing
member 1200 in the first direction d5 with respect to the
display panel 290, the display panel 290 may be transferred in
a direction d7 opposite to the first direction d5. The transfer-
ring of the rubbing member 1200 in the first direction d5 may
be performed using the first transfer means M1 connected to
the rubbing member 1200.

[0122] In order to transfer the display panel 290 in the
direction d7 opposite to the first direction d5, the support
1100 may also be transferred in the direction d7 opposite to
the first direction d5 along with the display panel 290. The
transferring of the display panel 290 in the direction d7 oppo-
site to the first direction d5 may be performed using the first
transfer means M1 connected to the support 1100.

[0123] As shown in FIG. 18, in order to allow the rubbing
member 1200 to reciprocate in the second direction dé with
respect to the display panel 290, the rubbing member 1200
may be allowed to reciprocate in the second direction d6. The
reciprocating of the rubbing member 1200 in the second
direction d6 may be performed using the second transfer
means M2 connected to the rubbing member 1200.

[0124] As shown in FIG. 19, in order to allow the rubbing
member 1200 to reciprocate in the second direction dé with
respect to the display panel 290, the display panel 290 may be
allowed to reciprocate in the second direction dé. In order to
allow the display panel 290 to reciprocate in the second
direction d6, the support 1100 may be allowed to reciprocate
in the second direction dé along with the display panel 290.
The reciprocating of the display panel 290 in the second
direction d6 may be performed using the second transfer
means M2 connected to the support 1100.

[0125] The second transfer means M2 oscillates the rub-
bing member 1200 or the display panel 290 connected thereto
in the second direction d6 with a predetermined number of
oscillations, thereby allowing the rubbing member 1200 or
the display panel 290 to reciprocate.

[0126] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
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in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims. It is,
therefore, desired that the present embodiments be consid-
ered in all respects as illustrative and not restrictive, reference
being made to the appended claims rather than the foregoing
description to indicate the scope of the invention.

[0127] Inconcluding the detailed description, those skilled
in the art will appreciate that many variations and modifica-
tions can be made to the preferred embodiments without
substantially departing from the principles of the present
invention. Therefore, the disclosed preferred embodiments of
the invention are used in a generic and descriptive sense only
and not for purposes of limitation.

What is claimed is:

1. An alignment layer for a display device, said alignment
layer comprising a plurality of rubbing patterns formed on its
surface, wherein each of the rubbing patterns includes a first
pattern intersecting a center axis at a first angle, and a second
pattern connected to the first pattern and intersecting the
center axis at a second angle, and the first pattern and the
second pattern are alternately repeated.

2. The alignment layer of claim 1, wherein the first angle is
different from the second angle.

3. A liquid crystal display device, comprising:

a first insulating substrate;

a second insulating substrate positioned above the first
insulating substrate and facing the first insulating sub-
strate; and

a liquid crystal layer formed between the first insulating
substrate and the second insulating substrate;
wherein at least one of the first insulating substrate and

the second insulating substrate includes an alignment
layer having a zigzag-shaped rubbing pattern formed
on a surface facing the liquid crystal layer.

4. The liquid crystal display device of claim 3, further
comprising:

a common electrode formed on one surface of the second

insulating substrate; and

a pixel electrode formed on said one surface of the first
insulating substrate and facing the common electrode.

5. The liquid crystal display device of claim 3, further
comprising:

a common electrode formed on one surface of the first

insulating substrate; and

a pixel electrode formed on said one surface of the first
insulating substrate and located adjacent to the common
electrode.

6. The liquid crystal display device of claim 3, wherein the
rubbing pattern includes a first pattern formed in a first direc-
tion and a second pattern formed in a second direction differ-
ent from the first direction, and wherein the first pattern and
the second pattern have a same length.

7. The liquid crystal display device of claim 6, wherein the
first pattern and the second pattern are connected to each
other.

8. A method of treating an alignment layer, the method
comprising the steps of:

preparing a display panel having an alignment layer on one
surface of the display panel,

placing the display panel on a support;

bring a rubbing member into contact with the alignment
layer; and
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rubbing the alignment layer by transferring the alignment
layer and the rubbing member with respect to each other;

wherein the step of rubbing the alignment layer comprises
transferring one of the rubbing member and the align-
ment layer in a first direction while allowing the rubbing
member to reciprocate relative to the alignment layer in
a second direction different from the first direction.

9. The method of claim 8, wherein the first direction is
perpendicular to the second direction.

10. The method of claim 9, wherein the rubbing member
reciprocates at a pace ranging from 0.2 to 3 millimeters.

11. The method of claim 8, wherein the rubbing member is
allowed to reciprocate in the second direction while transfer-
ring the rubbing member in the first direction.

12. The method of claim 8, wherein the rubbing member is
allowed to reciprocate in the second direction while moving
the display panel in a direction opposite to the first direction.

13. An apparatus for treating an alignment layer, the appa-
ratus comprising:
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a support for supporting a display panel having an align-

ment layer on one surface of the display panel;

a rubbing member for rubbing the alignment layer;

first transfer means for transferring one of the rubbing

member and the support in a first direction at a first
relative speed; and

second transfer means for transferring said one of the rub-

bing member and the support so as to reciprocate in a
second direction, different from the first direction, at a
second relative speed.

14. The apparatus of claim 13, wherein the first direction
and the second direction are perpendicular to each other.

15. The apparatus of claim 14, wherein the second transfer
means is connected to the rubbing member and oscillates the
rubbing member with a predetermined number of oscillations
in the second direction.
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