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(57) ABSTRACT

A liquid crystal display is provided. The liquid crystal
display includes a first substrate; a second substrate facing
the first substrate; an alignment layer disposed on at least
one of the first substrate and the second substrate; a liquid
crystal layer disposed between the first substrate and the
second substrate; and a reactive mesogen included in the
liquid crystal layer and represented by Chemical Formula 1.

Chemical Formula 1
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LIQUID CRYSTAL DISPLLAY AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0041810 filed in the
Korean Intellectual Property Office on Mar. 25, 2015, the

entire content of which are incorporated herein by reference.

BACKGROUND

(a) Field

The present disclosure relates to a liquid crystal display

and a manufacturing method thereof.

(b) Description of the Related Art

A liquid crystal display is presently one of the most
widely used flat panel displays. It includes two display
panels on which a field generating electrode, such as a pixel
electrode and a common electrode, is formed and a liquid
crystal layer that is inserted therebetween, and it generates
an electric field in the liquid crystal layer by applying a
voltage to the field generating electrode to thereby determine
alignment of liquid crystal molecules of the liquid crystal
layer and display an image by controlling polarization of

incident light.

Among the various liquid crystal displays, there is a
vertically aligned (VA) mode liquid crystal display in which
long axes of the liquid crystal molecules are arranged to be
vertical to upper and lower display panels when electric
fields are not applied. This vertical alignment (VA) mode
liquid crystal display is spotlighted because of its high

contrast ratio and wide reference viewing angle.

Meanwhile, to obtain quick response speed while realiz-
ing a wide viewing angle, a method of adding a reactive
mesogen to the alignment layer or the liquid crystal layer in

order to create a pretilt has been developed.

The above information disclosed in this Background
section is only to enhance the understanding of the back-
ground of the inventive concept, and therefore it may
contain information that does not form the prior art that is
already known in this country to a person of ordinary skill

in the art.
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2
SUMMARY

The present disclosure pertains to a liquid crystal display
including a new reactive mesogen capable of improving an

afterimage and a manufacturing method thereof.

A liquid crystal display according to an exemplary
embodiment includes a first substrate; a second substrate
facing the first substrate; an alignment layer disposed on at
least one of the first substrate and the second substrate; a
liquid crystal layer disposed between the first substrate and
the second substrate; and a reactive mesogen included in the

liquid crystal layer and represented by Chemical Formula 1.

Chemical Formula 1

O, (0]

P

In Chemical Formula 1 L is NH, CH,, O,

CXs
}_ I
CH; CX; X, X3¢ CX3
A X, szin
CH, CX; o
N ., CH N N .
X;3C CX3
Xy CX>§
X3c7(’” CX; 2l
CX%ﬁ(CXzﬁ”
0
CH , N .

n is a natural number of 0 to 20, m is a natural number of

0 to 20, and X is a hydrogen, fluorine, or methyl group.

The alignment layer may include a main chain and a side
chain connected to the main chain, and the side chain may
be a photoinitiator and a vertical alignment group.

The photoinitiator may include at least one of acrylate,
methacrylate and benzophenone.

The alignment layer may include a copolymer represented

by Structure Formula A.



US 9,983,442 B2

3
(@]
@)
N
| R
- ()
¢ ’é—}?z s

0 0
/QHN N;:|:|:§N
0 0

30
The alignment layer may further include a copolymer

represented by Structure Formula B.
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A molar ratio the copolymer of Structure Formula A and

the copolymer of Structure Formula B may be 5:5.

The reactive mesogen included in the liquid crystal layer
may form a bump in a surface of the alignment layer, and the

bump may include an alignment polymer having the pre-tilt.

o
-t
o
@]
jas}

Structure Formula A

The alignment layer may include a main chain and a side
chain connected to the main chain, the side chain includes a

Structure Formula B

OH
(6]

W)

main alignment auxiliary agent, and the main alignment
auxiliary agent may form an alignment polymer having the
pre-tilt.

The alignment layer may include a copolymer represented

by Structure Formula C.
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The alignment layer may further include a copolymer
represented by Structure Formula D.

Structure Formula D

OH
o o k° o
0 0
H,N N \
O 0
o 0]

The molar ratio of the copolymer of Structure Formula C
and the copolymer of Structure Formula D may have a range
of 1:20 to 1:18.

The liquid crystal molecules included in the liquid crystal
layer may be vertically aligned.

A manufacturing method of a liquid crystal display
according to an exemplary embodiment includes forming a
field generating electrode on at least one of a first substrate
and a second substrate facing the first substrate; forming an
alignment layer including a main chain and a side chain
connected to the main chain on the field generating elec-
trode; forming a liquid crystal layer including a liquid

40
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Structure Formula C

Y,

0.0
o
0 o 0 0 0 o 0
SR
n
0 Y o) O 0 Y

crystal molecule and a sub-alignment auxiliary agent
between the first substrate and the second substrate; and
irradiating a light while an electric field is applied to the
liquid crystal layer, wherein the side chain includes a main
alignment auxiliary agent, the main alignment auxiliary
agent forms an alignment polymer having a pre-tilt in the
step irradiating the light, and the sub-alignment auxiliary
agent includes a reactive mesogen represented by Chemical
Formula 1.

Chemical Formula 1

In Chemical Formula 1, L is NH, CH,, O,

CH; CXj CX;3
4 4 & X0 CX;3
CH, CX, CX,
+ X, X, Ve
N , CH, O , % .
N N
ch\? CXs, ch\,,,< CXs,
X CXj( X CXj{
CH 0

N

n is a natural number of 0 to 20, m is a natural number of
0 to 20, and X is a hydrogen, fluorine, or methyl group.
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The alignment layer may include a copolymer represented
by Structure Formula C.

The alignment layer may further include a copolymer
represented by Structure Formula D.

Structure Formula D

OH
o o ° o
O, O
HzN N N
r@?pq YT
O O
O O

The molar ratio of the copolymer of Structure Formula C
and the copolymer of Structure Formula D may have a range
of 1:20 to 1:18.

The liquid crystal molecules included in the liquid crystal
layer may be vertically aligned.

A manufacturing method of a liquid crystal display
according to an exemplary embodiment includes forming a
field generating electrode on at least one of a first substrate
and a second substrate facing the first substrate; coating an
alignment material and an alignment auxiliary agent on the

0.0
O, O 5\0 O 9] O
SRS SRR 0
O (9] 9} (9] 9] (9]
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field generating electrode; forming a liquid crystal layer
including a liquid crystal molecule between the first sub-

Structure Formula C

1<

strate and the second substrate; and baking the alignment
material to form an alignment layer including a main chain
and a side chain connected to the main chain; eluding the
alignment auxiliary agent into the liquid crystal layer; and
irradiating a light while an electric field is applied to the
liquid crystal layer, wherein the side chain includes a pho-
toinitiator, the alignment auxiliary agent eluded into the
liquid crystal layer forms a bump in a surface of the
alignment layer, and the bump includes an alignment poly-
mer having a pre-tilt.

The alignment auxiliary agent may include a reactive
mesogen represented by Chemical Formula 1.

Chemical Formula 1

0O O
(0] L @]
In Chemical Formula 1, L is NH, CH,, O,

CX;

n n n

XCo
CX.
N .

C
CH, O , )ﬁ/K .

N N

CX;
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-continued n is a natural number of 0 to 20, m is a natural number of
C\m( {CX% NG {CX% 0 to 20, and X is a hydrogen, fluorine, or methyl group.
CX, X CX, oAl
The photoinitiator may include at least one of acrylate,
5
CH o methacrylate, and benzophenone.
N

The alignment layer may include a copolymer represented
by Structure Formula A.

Structure Formula A

. 0
¥

n +\n

10O
o Q 2

o
&

+

o

© O
Q O /5\0 046\ o o o 0
@) (@] I} O g Y & Y

The alignment layer may further include a copolymer
represented by Structure Formula B.

Structure Formula B

N
A
P
0
\?_HL CcH ’
2
Q 0 OH
0
0 0
0 0
0 0
HN N N
N N NH
0 0

O,
e}
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The molar ratio of the copolymer of Structure Formula A
and the copolymer of Structure Formula B may be formed
to be 5:5.

The liquid crystal molecules included in the liquid crystal
layer may be vertically aligned.

According to an exemplary embodiment, by mixing or
adding the provided reactive mesogen in the liquid crystal
layer or the alignment layer to realize the pre-tilt and to align
the liquid crystal molecules, the response speed may be
improved and the afterimage may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view of a liquid crystal display
according to an exemplary embodiment.

FIG. 2 is a cross-sectional view taken along a line II-1I of
FIG. 1.

FIG. 3 is a top plan view of a pixel electrode according to
an exemplary embodiment.

FIG. 4 is a top plan view of a basic electrode of a liquid
crystal display according to an exemplary embodiment.

FIG. 5, FIG. 6, FIG. 7, FIG. 8, and FIG. 9 are cross-
sectional views showing a manufacturing method of a liquid
crystal display according to an exemplary embodiment.

FIG. 10 is a cross-sectional view taken along a line II-II
of FIG. 1 to explain a liquid crystal display according to an
exemplary embodiment.

FIG. 11 is a schematic view of an alignment layer and an
alignment auxiliary agent according to an exemplary
embodiment.

FIG. 12 and FIG. 13 are schematic diagrams showing a
method of forming a pre-tilt of liquid crystal by an alignment
auxiliary agent according to an exemplary embodiment.

FIG. 14, FIG. 15, FIG. 16, FIG. 17, FIG. 18, and FIG. 19
are graphs showing an instant afterimage and a black
afterimage in a liquid crystal display according to an exem-
plary embodiment compared with a conventional liquid
crystal display.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Exemplary embodiments of the inventive concept will be
described in detail with reference to the accompanying
drawings. However, the present disclosure is not limited to
the exemplary embodiments described herein, but may be
embodied in other forms. Rather, the exemplary embodi-
ments described herein are provided to thoroughly and
completely understand the disclosed contents and to suffi-
ciently transfer the ideas of the inventive concept to a person
of an ordinary skill in the art.

In the drawings, the thickness of layers and regions is
exaggerated for clarity. It is to be noted that when a layer is
referred to as being “on” another layer or substrate, it can be
directly formed on another layer or substrate, or can be
formed on another layer or substrate with a third layer
interposed therebetween. Like constituent elements are
denoted by like reference numerals throughout the specifi-
cation.

FIG. 1 is a top plan view of a liquid crystal display
according to an exemplary embodiment. FIG. 2 is a cross-
sectional view taken along a line II-1I of FIG. 1.

First, referring to FIG. 1 and FIG. 2, the liquid crystal
display according to the exemplary embodiment includes a
lower display panel 100 and an upper display panel 200,
which face each other, and a liquid crystal layer 3 interposed
between the two display panels 100 and 200.
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First, the lower display panel 100 will be described.

A plurality of gate lines 121 and a plurality of storage
electrode lines 131 and 135 are formed on a first substrate
110 corresponding to an insulation substrate.

The gate lines 121 transfer a gate signal, and are mainly
extended in a horizontal direction. The gate lines 121 may
include an end portion (not shown) having a large area for
contact with another layer or an external driving circuit.

The gate line 121 may be made of an aluminum-based
metal such as aluminum (Al) or an aluminum alloy, a
silver-based metal such as silver (Ag) or a silver alloy, a
copper-based metal such as copper (Cu) or a copper alloy, a
molybdenum-based metal such as molybdenum (Mo) or a
molybdenum alloy, chromium (Cr), tantalum (Ta), or tita-
nium (Ti). However, the gate line 121 may have a multilayer
structure including at least two conductive layers having
different physical properties. Each gate line 121 may include
a plurality of first and second gate electrodes 124a and 1245
that protrude therefrom.

The storage electrode lines 131 and 135 include a stem
line 131 extending substantially parallel to the gate lines 121
and a plurality of storage electrodes 135 extending there-
from.

The shape and disposal of the storage electrode lines 131
and 135 may be modified in various formations.

A gate insulating layer 140 is formed on the gate lines 121
and the storage electrode lines 131 and 135, and a plurality
of semiconductor layers 154a and 1545 made of amorphous
or crystalline silicon and the like are disposed on the gate
insulating layer 140.

A plurality of pairs of ohmic contacts may be formed on
the semiconductor layers 154a and 15454. In FIG. 2, showing
one example of the plurality of pairs of ohmic contacts, the
ohmic contacts 1635 and 1655 are disposed on the second
semiconductor layer 1545, however they may also be
formed on the first semiconductor layer 154a. The ohmic
contacts 1635 and 16556 may be formed of a material such as
silicide or n+ hydrogenated amorphous silicon in which an
n-type impurity is doped at a high concentration.

A plurality of pairs of data lines 171¢ and 1716 and a
plurality of pairs of first and second drain electrodes 175a
and 1755 are disposed on the ohmic contacts 1635 and 1655
and the gate insulating layer 140.

The data lines 171a and 1715 transfer a data signal and
mainly extend in a vertical direction to cross the gate line
121 and the stem line 131 of the storage electrode line. The
data lines 171a and 1715 extend toward the first and second
gate electrodes 124a and 1244 and include first and second
source electrodes 173a and 1735 bent in a U-shape, and the
first and second source electrodes 173a and 1735 face the
first and second drain electrodes 1754 and 1755 based on the
first and second gate clectrodes 124a and 1245.

Each of the first and second drain electrodes 1754 and
1756 extends upwardly from an end thereof, which is
partially surrounded by the first and second source elec-
trodes 173a and 1734, and the other end thereof may have
a wide area for connection to another layer.

However, the shape and disposal of the first and second
drain electrodes 175a and 1755 and the data lines 171a and
1715 may be modified in various formations.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 175a form a first thin film
transistor (TFT) along with the first semiconductor layer
154a, the second gate electrode 12454, the second source
electrode 17354, and the second drain electrode 1756 form a
second thin film transistor along with the second semicon-
ductor layer 1545, a channel of the first thin film transistor
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is formed in the first semiconductor layer 154a between the
first source electrode 173a and the first drain electrode 1754,
and the channel of the second thin film transistor is formed
in the second semiconductor layer 1545 between the second
source electrode 1735 and the second drain electrode 1755.

The ohmic contacts 1635 and 1655 exist only between the
semiconductor layers 154a and 1546 disposed thereunder
and the data lines 171a and 1715 and the drain electrodes
175a and 1754 disposed thereon, and reduce contact resis-
tance therebetween. In the semiconductors 154a and 1545,
an exposed portion that is not covered by the data lines 171a
and 1715 and the drain electrodes 1754 and 1755 exists
between the source electrodes 1734 and 1735 and the drain
electrodes 175a and 1755.

A lower passivation layer 180p made of silicon nitride or
silicon oxide is disposed on the data lines 171a and 1715, the
drain electrodes 1754 and 1755 and the exposed portions of
the semiconductor layers 154a and 1545.

A color filter 230 is disposed on the lower passivation
layer 180p. The color filter 230 may uniquely display one of
the primary colors, examples of which include the three
primary colors red, green, and blue, or yellow, cyan, and
magenta. Although not illustrated, the color filter may fur-
ther include a color filter displaying a combination of the
primary colors, or white, in addition to the primary colors.
A single layer or a double layer made of chromium and
chromium oxide or a light blocking member 220 made of an
organic material is formed on the color filter 230. The light
blocking member 220 may be arranged in a matrix form.

An upper passivation layer 180¢ made of a transparent
organic insulating material is formed on the color filter 230
and the light blocking member 220. The upper passivation
layer 1804 prevents the color filter 230 from being exposed
and provides a flat surface. A plurality of contact holes 185«
and 1855, which expose the first and second drain electrodes
175a and 17556, are formed on the upper passivation layer
1804.

A plurality of pixel electrodes 191 are disposed on the
upper passivation layer 180¢. The pixel electrodes 191 may
be made of transparent conductive materials, such as ITO
and 1ZO or reflective metals, such as aluminum, silver,
chromium, or an alloy thereof.

Each of the pixel electrodes 191 includes the first and
second subpixel electrodes 191a and 1915, which are sepa-
rated from each other, and each of the first and second
subpixel electrodes 191a and 1915 includes a basic electrode
199 illustrated in FIG. 4 or at least one modification thereof.

Referring to FIG. 3 and FIG. 4, the pixel electrodes 191
will next be described in detail.

Now, the upper panel 200 will be described.

A common electrode 270 is disposed between a second
substrate 210 and a liquid crystal layer 3. The common
electrode 270 may overlap with most of the second substrate
210.

A column spacer 363 is disposed in order to maintain a
space between the upper display panel 200 and the lower
display panel 100.

Alignment layers 11 and 21 are applied on internal
surfaces of the lower display panel 100 and the upper display
panel 200. The alignment layers 11 and 21 may be a vertical
alignment layer. The alignment layers 11 and 21 include a
polymer, the polymer including a main chain and a side
chain connected to the main chain. The main chain includes
polyimide and the side chain includes a vertical alignment
group and a photoinitiator. In the present exemplary embodi-
ment, the photoinitiator included in the side chain has a
function of increasing reactivity in a polymerizing of the
reactive mesogen that is described later. The photoinitiator
may include at least one among an acrylate group, a meth-
acrylate group, and benzophenone, and various materials,
including a radical imitating a polymerization reaction.
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The photoinitiator according to an exemplary embodi-
ment may include a compound represented by Chemical
Formula a to Chemical Formula 1, however it is not limited
thereto.

Chemical Formula a

Chemical Formula b

(¢]
Chemical Formula ¢
Oz‘

h

Ay

Chemical Formula d

(€]

O/ :
O/
(€]
S

OH
(6]
SH
(0]

Chemical Formula e

Chemical Formula f

Chemical Formula g

Chemical Formula h

Chemical Formula i
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In the present exemplary embodiment, the alignment In the present exemplary embodiment, the lower align-
layers 11 and 21 may include a copolymer represented by ment layer 11 may cover the column spacer 363 with a
Structure Formula A. substantially uniform thickness.

Structure Formula A

(6]
oA
N,
| R
’ ()
(6] (6]
id 4\” O
CH, CH, A
<2 CH,
0 0 \(I)—/
(6]
(6] O (6] O (6] O
(6] O
AT mé T I
N N
(6] (6] (6] (6] (6] (6]
(6] (6]
30
In the present exemplary embodiment, the alignment In the present exemplary embodiment, bumps 15 and 25
layers 11 and 21 may further include a copolymer repre- are disposed on the surfaces of the alignment layers 11 and
sented by Structure Formula B. 21, the surfaces of the alignment layers 11 and 21 facing the
Structure Formula B
(6]
N,
’ | X
/
Sy .
ot P
CH,
0 bl
(6] OH
EO o o
(6] O
(6] O
/(HN N N )\
N N NH,
(6] 6]
(6] (6]

In the liquid crystal display including all of the copoly- liquid crystal layer 3. The bumps 15 and 25 may be formed

mers represented by Structure Formula A and Structure by photo-irradiating a reactive mesogen that is the alignment
Formula B, a molar ratio of the copolymer of Structure 5 auxiliary agent included in the liquid crystal layer 3. In this
Formula A and the copolymer of Structure Formula B may case, the reactive mesogen included in the liquid crystal

be 5:5. layer 3 initially forms the liquid crystal layer 3 along with
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the liquid crystal 310 or is mixed in the alignment material
forming the alignment layers 11 and 21 to be coated, thereby
being a material eluted to the liquid crystal layer 3 in a bake
process. The bumps 15 and 25 in the present exemplary
embodiment include the alignment polymer having the
pre-tilt. The alignment polymer may be formed by irradiat-
ing the reactive mesogen.

The reactive mesogen according to the present exemplary
embodiment may be represented by Chemical Formula 1.

Chemical Formula 1

In Chemical Formula 1, L is NH, CH,, O,

CH;, CX, fod
g g S ¥ cx
CH, C% o, \’”(CXZ { :
X, W
N ., CH, O ,

et

N N
CX3, X3C\m<
CX;{ Xy CXj{

CH (6]

CX3,

X,C
\?CXZ

n is a natural number of 0 to 20, m is a natural number of
0 to 20, and X is a hydrogen, fluorine, or methyl group.

In detail, the reactive mesogen according to an exemplary
embodiment may include at least one of compounds repre-
sented by Chemical Formula 1-1, Chemical Formula 1-2,
Chemical Formula 1-3, Chemical Formula 1-4, Chemical
Formula 1-5, Chemical Formula 1-6, Chemical Formula 1-7,
Chemical Formula 1-8, and Chemical Formula 1-9.

Chemical Formula 1-1

O

H
0, N 0
Chemical Formula 1-2
O (0]
(0] ' ¢]
Chemical Formula 1-3
O (0]
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-continued
Chemical Formula 1-4

CIL, "

O

Chemical Formula 1-5

Chemical Formula 1-7

An exemplary manufacturing method for forming the
reactive mesogen according to the present exemplary
embodiment may include a manufacturing method depend-
ing on the following Reaction Equation.
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Additionally, a polarizer (not shown) may be provided on
an outer surface of the lower display panel 100 and the upper
display panel 200.

Again referring to FIG. 1 and FIG. 2, the liquid crystal
layer 3 including the liquid crystal 310 is interposed between
the lower panel 100 and the upper panel 200.

The liquid crystal 310 has a negative dielectric anisotropy
and a major axis thereof is aligned so as to be substantially
vertical with respect to surfaces of the two display panels
100 and 200 when there is no electric field.

The alignment polymer included in the bumps 15 and 25
and formed by irradiating the reactive mesogen has the
function of controlling the pre-tilt that is the initial align-
ment direction of the liquid crystal 310. In this case, the
photoinitiator included in the side chain of the alignment
layers 11 and 21 may be reacted along with the reactive
mesogen according to the present exemplary embodiment to
form the bumps 15 and 25.

As another exemplary embodiment, the above described
photoinitiator may only be included in the alignment layer
11 included in the lower panel 100. As a result, the alignment
layer 21 included in the upper panel 200 and the alignment
layer 11 included in the lower panel 100 form a heteroge-
neous alignment layer structure. Since the reactivity of the
reactive mesogen is maximized in the lower panel 100 by the
photoinitiator, the pre-tilt of the liquid crystal 310 in the
lower panel 100 and the upper panel 200 may be differen-
tiated. In this case, the liquid crystal 310 adjacent to the
upper panel 200 may have an almost vertical pre-tilt.
According to this exemplary embodiment, in a curved
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display device in which the substrates 110 and 210 have a
curvature, a transmittance reduction and a stain due to
distortion of the liquid crystal alignment may be prevented.

FIG. 3 is a top plan view of a pixel electrode according to
an exemplary embodiment. FIG. 4 is a top plan view of a
basic electrode of a liquid crystal display according to an
exemplary embodiment.

Accordingly, a base electrode 199 will be described with
reference to FIG. 3 and FIG. 4.

As shown in FIG. 4, the entire shape of a basic electrode
199 is quadrangular, and it includes a cross-shaped stem that
is formed of a transverse stem 193 and a vertical stem 192
that are perpendicular to each other. In addition, the basic
electrode 199 is divided into a first subregion Da, a second
subregion Db, a third subregion Dc, and a fourth subregion
Dd by the transverse stem 193 and the vertical stem 192, and
each subregion Da, Db, Dc, and Dd includes a plurality of
first to fourth minute branches 194a, 1945, 194¢, and 1944.

The first minute branch 194a obliquely extends from the
transverse stem 193 or the longitudinal stem 192 in the
upper-left direction, and the second minute branch 1944
obliquely extends from the transverse stem 193 or the
longitudinal stem 192 in the upper-right direction. The third
minute branch 194¢ obliquely extends from the transverse
stem 193 or the longitudinal stem 192 in the lower-left
direction, and the fourth minute branch 1944 obliquely
extends from the transverse stem 193 or the longitudinal
stem 192 in the lower-right direction.

The first to fourth minute branches 194a, 1945, 194c,
194d form an angle of about 45 degrees or 135 degrees with
the gate line 121 or the transverse stem 193. Also, the minute
branches 194a-1944 of two neighboring subregions Da-Dd
may be crossed.

The width of the minute branches 194a, 1945, 194¢, and
194d may be in the range of 2.0 um to 5.0 pm, and the
interval between the neighboring minute branches 194a,
1945, 194¢, and 1944 of one subregion Da, Db, Dc, and Dd
may be in the range of 2.5 pm to 5.0 pm.

Although not shown in the drawings, the widths of the
minute branches 194a, 1945, 194c¢, and 194d may be
enlarged when coming closer to the transverse stem 193 or
the longitudinal stem 192.

Referring to FIG. 1 to FIG. 3, the first and second subpixel
electrodes 191a and 1915 each include one basic electrode
1. However, an area occupied by the second subpixel
electrode 1915 throughout the pixel electrode 191 may be
larger than an area occupied by the first subpixel electrode
191a. In this case, the size of the basic electrode 199 is
formed differently so that the second subpixel electrode
1915 is set to be about? 1.0 times to 2.2 times larger than the
area of the first subpixel electrode 191a.

The second subpixel electrode 1915 includes a pair of
branches 195 which extend along a data line 171. The pair
of branches 195 are disposed between the first subpixel
electrode 191a and the data lines 171a and 1715 and the
branches 195 are connected to each other at a lower end of
the first subpixel electrode 191a

The first and second subpixel electrodes 191a and 1915
are physically and electrically connected to the first and
second drain electrodes 175a and 17556 through the contact
holes 1854 and 1855 and are applied with a data voltage
from the first and second drain electrodes 175a and 1756b.

When a voltage is applied to the pixel electrode 191 and
the common electrode 270, the major axis of the liquid
crystal 310 changes its own direction to a direction vertical
to a direction of the electric field in response to the electric
field which is formed between the pixel electrode 191 and
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the common electrode 270. A degree of polarization of
incident light to the liquid crystal layer 3 is changed in
response to the inclined degree of the liquid crystal 310 and
the change in the polarization appears as the change in
transmittance by the polarizer, such that the liquid crystal
display may display an image.

A direction in which the liquid crystal 310 is inclined is
determined by the fine branches 194a, 1945, 194¢, and 1944
of the pixel electrode 191 and the liquid crystal 310 is
inclined toward a direction parallel with length directions of
the fine branches 1944, 1945, 194¢, and 194d. The one pixel
electrode 191 includes four sub-regions Da, Db, Dc, and Dd
in which the length directions of the fine branches 194a,
1945, 194¢, and 194d are different from each other, and
therefore the direction in which the liquid crystal 310 is
inclined is approximately four directions and the liquid
crystal layer 3 is formed with four domains in which the
alignment directions of the liquid crystal 310 are different.
As described above, the direction in which the liquid crystal
is inclined varies, such that the viewing angle of the liquid
crystal display may be improved.

Since the aforementioned description of the thin film
transistor and the pixel electrode 191 is just an example, a
structure of the thin film transistor and a design of the pixel
electrode can be modified to improve side visibility. For
example, using different voltages generated in each region
according to resistance distribution, an RD-TFT structure
can be formed to improve the side visibility.

Next, an exemplary embodiment for a method of manu-
facturing the above described liquid crystal display will be
described with reference to FIG. 5 to FIG. 9. The following
exemplary embodiment is an exemplary embodiment of the
manufacturing method and may be varied.

FIG. 5 to FIG. 9 are cross-sectional views showing a
manufacturing method of a liquid crystal display according
to an exemplary embodiment.

Referring to FIG. 1, FIG. 2, and FIG. 5, elements of the
lower panel 100 and the upper panel 200 may be respec-
tively manufactured. In the lower panel 100, the alignment
layer 11 is formed on the pixel electrode 191. Next, a method
of forming the alignment layers 11 and 21 will be described.

The alignment material including an alignment solution to
form the main chain and the side chain of the alignment
layer 11 and the reactive mesogen 13 added thereto is coated
on the pixel electrode 191 to form the alignment layers 11
and 21. Here, the reactive mesogen 13 may be added in a
range of 5 wt % to 25 wt % of a solid content of the
alignment solution.

Referring to FIG. 6, the liquid crystal material 31 includ-
ing the liquid crystal molecules is dripped on the alignment
layer 11.

Next, in the upper panel 200, the common electrode 270
is formed on the second substrate 210. Next, the alignment
material including an alignment solution to form the main
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chain and the side chain and the reactive mesogen 13 added
thereto is coated on the common electrode 270. Here, the
reactive mesogen 13 may be added in a range of 5 wt % to
25 wt % of the solid content of the alignment solution.

Next, referring to FIG. 7, the lower panel 100 and the
upper panel 200 that are manufactured by the above
described method are assembled.

Next, referring to FIG. 8, the alignment layers 11 and 21
are baked or heat-treated to elude the reactive mesogen
included in the alignment layers 11 and 21 into the liquid
crystal layer 3. The reactive mesogen added to the alignment
layers 11 and 21 according to the present exemplary embodi-
ment has relatively weak reactivity compared to a conven-
tionally known reactive mesogen. Accordingly, since a
polymerization is previously generated in the bake or the
heat treatment, a degree forming the pre-tilt by the polym-
erization reaction according to the light irradiation may
actually be prevented from being weakened.

Next, a light 1 is irradiated in a state when a voltage is
applied to the pixel electrode 191 and the common electrode
270. The light 1 that is used has a wavelength capable of
polymerizing the reactive mesogens 13 and 23 and ultra-
violet rays may be used.

Referring to FIG. 9, as a surface energy is increased while
the reactive mesogens 13 and 23 included in the liquid
crystal layer 3 are polymerized, the reactive mesogens 13
and 23 are moved to the surface of the alignment layers 11
and 21, thereby forming the bumps 15 and 25. The bumps
15 and 25 include the alignment polymer having the pre-tilt.
In this case, the photo reactive group included in the side
chain of the alignment layers 11 and 21 is reacted along with
the reactive mesogen 13 and 23 included in the liquid crystal
layer 3, thereby helping the formation of the bumps 15 and
25.

FIG. 10 is a cross-sectional view taken along a line II-II
of FIG. 1 to explain a liquid crystal display according to an
exemplary embodiment. FIG. 11 is a schematic view of an
alignment layer and an alignment auxiliary agent according
to an exemplary embodiment.

The exemplary embodiment described in FIG. 10 and
FIG. 11 is nearly the same as the exemplary embodiment
described in FIG. 1 to FIG. 4, though the alignment layers
11 and 21 and the liquid crystal layer 3 have differences.
These differences will be described.

Referring to FIG. 10 and FIG. 11, the alignment layers 11
and 21 included in the liquid crystal display according to an
exemplary embodiment include the main chain and the side
chain connected to the main chain, and the side chain
includes main alignment auxiliary agents 12 and 22.

In detail, the alignment layers 11 and 21 according to the

present exemplary embodiment may include a copolymer
represented by Structure Formula C.
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In the present exemplary embodiment, the alignment
layers 11 and 21 may further include a copolymer repre-
sented by Structure Formula D.

Structure Formula D

oH
o o |#° o
0 0
HN N N
OO
0 o
0 0

In the liquid crystal display including the copolymers
represented by Structure Formula C and Structure Formula
D, the molar ratio of the copolymer of Structure Formula C
and the copolymer of Structure Formula D may be 1:20 to
1:18.

In the liquid crystal layer 3, the reactive mesogens 13 and
23 as a sub-alignment auxiliary agent are included. In the
present exemplary embodiment, the main alignment auxil-
iary agents 12 and 22 form alignment polymers 12a and 22a
having the pre-tilt. In this case, the reactive mesogens 13 and
23 as the sub-alignment auxiliary agent are cross-linked and
reacted between the main alignment auxiliary agents 12 and
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Structure Formula C

Y,

0.0
O
0 o o} o o} o 0
n
d o} d 0 d 0

22 without the cross-link, such that a cross-linking density
may be increased in the alignment layers 11 and 21 accord-
ing to the present exemplary embodiment. Accordingly,
compared with a case for forming the main alignment
auxiliary agent in only a side chain of a conventional
alignment layer, the mechanical properties may be
improved, thereby improving the afterimage.

The reactive mesogen according to the present exemplary
embodiment may be represented by Chemical Formula 1.

Chemical Formula 1

O, (0]

In Chemical Formula 1, L is NH, CH,, O,

CX;3
CH; CX; /|_\n .c
/I—\" /I—\ CX, ’ 7m<cx2 CX?GC %
CH, , \Ti(i , %_/ )kﬁ( :
N cH © N
N
X0 CX;, XiC
’ 7<CX2)§f< CX?E v 7m<cx2 CX?TnC o
cH o}

n is a natural number of 0 to 20, m is a natural number of
0 to 20, and X is a hydrogen, fluorine, or methyl group.
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In detail, the reactive mesogen according to an exemplary
embodiment may include at least one of compounds repre-
sented by Chemical Formula 1-1, Chemical Formula 1-2,
Chemical Formula 1-3, Chemical Formula 1-4, Chemical
Formula 1-5, Chemical Formula 1-6, Chemical Formula 1-7,
Chemical Formula 1-8, and Chemical Formula 1-9.

Chemical Formula 1-1

O H O
0, N 0
Chemical Formula 1-2
O (0]
O ' ¢]
Chemical Formula 1-3
O (0]
0, O 0
Chemical Formula 1-4
CH;
CH, "
O (0]
(0] ¢]

Chemical Formula 1-5

Chemical Formula 1-6

Chemical Formula 1-7
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-continued

Chemical Formula 1-8

As described above, in the present exemplary embodi-
ment, as in the exemplary embodiment described in FIG. 1
to FIG. 4, the bumps 15 and 25 are not formed. The content
of the exemplary embodiment described in FIG. 1 to FIG. 4
except for the above described differences may be applied to
the present exemplary embodiment.

Next, an exemplary embodiment of the method of manu-
facturing the above described liquid crystal display will be
described with reference to FIG. 12 and FIG. 13. The
following exemplary embodiment is an exemplary embodi-
ment of the manufacturing method and may be varied.

FIG. 12 and FIG. 13 are schematic diagrams showing a
method of forming a pre-tilt of a liquid crystal by an
alignment auxiliary agent according to an exemplary
embodiment.

Referring to FIG. 1, FIG. 2, and FIG. 12, elements of the
lower panel 100 and the upper panel 200 may be respec-
tively manufactured. In the lower panel 100, the alignment
layer 11 is formed on the pixel electrode 191. Next, a method
of forming the alignment layers 11 and 21 will be described.

The alignment material to form the main chain and the
side chain of the alignment layer 11 is coated on the pixel
electrode 191 to form the alignment layer 11. Likewise, the
alignment layer 21 is formed through the step of coating and
baking the alignment material to form the main chain and the
side chain of the alignment layer 21 on the common elec-
trode 270. The liquid crystal layer 3 including the liquid
crystal 310 and the reactive mesogens 13 and 23 as the
sub-alignment auxiliary agent is formed between the pixel
electrode 191 and the common electrode 270.

Referring to FIG. 10 and FIG. 13, the light 1 is irradiated
in a state when a voltage is applied to the pixel electrode 191
and the common electrode 270. In this case, the main
alignment auxiliary agents 12 and 22 included in the side
chain of the alignment layers 11 and 21 are photo-reacted to
be cross-linked, thereby forming the alignment polymers
and having the pre-tilt. In this case, the reactive mesogens 13
and 23 as the sub-alignment auxiliary agent included in the
liquid crystal layer 3 may be cross-linked between the main
alignment auxiliary agents 12 and 22 without the cross-
linking. Accordingly, the cross-linking density may be
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increased in the alignment layers 11 and 21 according to the
present exemplary embodiment.

The alignment polymers 12a and 22a are arranged along
the alignment of the liquid crystal molecule and maintain the
arrangement after the applied voltage is removed, thereby
controlling the pre-tilt of the liquid crystal 310.

FIG. 14 to FIG. 19 are graphs showing an instant after-
image and a black afterimage in a liquid crystal display
according to an exemplary embodiment compared with a
conventional liquid crystal display.

In FIG. 14 and FIG. 15, Comparative Example 1 is the
case of forming the main alignment auxiliary agent repre-
sented by Chemical Formula 1-R1 in only a side chain of the
alignment layer, while exemplary embodiment 1 is the case

Chemical Formula 1-R1

o

- 1{

10

28

of the reactive mesogen represented by Chemical Formula
1-4E being included in the liquid crystal layer and the
alignment layer including the copolymer represented by
Structure Formula C and Structure Formula D is formed.

Referring to FIG. 14 and FIG. 15, like the present
exemplary embodiment 1, when the alignment layer includ-
ing the copolymer represented by Structure Formula C and
Structure Formula D is formed and the reactive mesogen
represented by Chemical Formula 1-4E is mixed in the
liquid crystal layer to manufacture the liquid crystal display,
the instant afterimage and the black afterimage are improved
compared to the conventional liquid crystal display. More
specifically, the time period during which the afterimage is
visible is decreased.

Chemical Formula 1-4E

O,

Structure Formula C
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In FIG. 16 and FIG. 17, Comparative Example 2 is the
case of forming the alignment layer including the copolymer
represented by Structure Formula D and adding the reactive
mesogen represented by Chemical Formula 1-R2 to the
liquid crystal layer, while exemplary embodiment 2 is the
case of adding the reactive mesogen represented by Chemi-
cal Formula 1-4E to the liquid crystal layer and forming the
alignment layer including the copolymer represented by
Structure Formula D.

Referring to FIG. 16 and FIG. 17, like the present
exemplary embodiment 2, when forming the alignment layer
including the copolymer represented by Structure Formula
D and mixing the reactive mesogen represented by Chemical
Formula 1-4E in the liquid crystal layer to manufacture the
liquid crystal display, the instant afterimage and the black
afterimage exhibit substantially comparable time period
which the afterimage is visible as that exhibited by the
conventional liquid crystal display.

Structure Formula D

OH
o) (0]
0 © 0
@)
O )
N
N N
N
(@]
(@]
o O
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Chemical Formula 1-R2

Chemical Formula 1-4E

In FIG. 18 and FIG. 19, Comparative Example 3 is the
case of adding the reactive mesogen represented by Chemi-
cal Formula 1-4R3 as an additive form to the alignment layer
including the copolymer represented by Structure Formula A
and Structure Formula B, while exemplary embodiment 3 is
the case of adding the reactive mesogen represented by
Chemical Formula 1-4E to the alignment layer including the
copolymer represented by Structure Formula A and Struc-
ture Formula B.

Referring to FIG. 18 and FIG. 19, like the present
exemplary embodiment 3, when forming the alignment layer
including the copolymer represented by Structure Formula A
and Structure Formula B and adding the reactive mesogen
represented by Chemical Formula 1-4E to the alignment
layer to manufacture the liquid crystal display, the instant
afterimage and the black afterimage are improved compared
with the conventional liquid crystal display. More specifi-
cally, the period during which the afterimage is visible is
decreased by adding the reactive mesogen of Chemical
Formula 1-4E to the alignment layer.
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Structure Formula A
5
o
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v
N
R
J )
O 0
/i\" z{\" O
CHy CH, A=~
+ + CH,
1% 0 1
o o 0 20
0 0 0
0 0
HN N N
N N
| SOy
0 0 25
0 0
d Y 0 0

Structure Formula B

O
N
| X
[
o 0 40
/I'\" 4'\”
CH, CH
OH

30 Chemical Formula 1-4R3

Chemical Formula 1-4E
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While this disclosure has been presented in connection
with what is considered to be practical exemplary embodi-
ments, it is to be understood that the inventive concept is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

<Description of symbols>
3 liquid crystal layer 11, 21 alignment layer
13,23 reactive mesogen 15, 25 bump
133,23 a alignment polymer 310 liquid crystal
What is claimed is:
1. A liquid crystal display comprising:
a first substrate;
a second substrate facing the first substrate;
an alignment layer disposed on at least one of the first
substrate and the second substrate;
a liquid crystal layer disposed between the first substrate
and the second substrate; and
a reactive mesogen included in the liquid crystal layer and
represented by Chemical Formula 1:
Chemical Formula 1
(6] O
(@] L (@]
(6]
O,
N,
| AN
A
/?—\
0 CH,
/'\n

Br

10

15

20

25

30

35

34

wherein

in Chemical Formula 1, L is NH, CH,, O,

X,
CH; CX3 .
s /l?z Fex, CX;:S’“
CH, , CX2 , .
\I|\I_/ CH N
X0 X5, XiC
? %CX%X cx?v" o 7m<cx2 CX?@C o
CH 0
N

n is a natural number of 0 to 20, m is a natural number of
0 to 20, and X is a hydrogen, fluorine, or methyl group.

2. The liquid crystal display of claim 1, wherein

the alignment layer includes a main chain and a side chain
connected to the main chain, and the side chain is a
photoinitiator and a vertical alignment group.

3. The liquid crystal display of claim 2, wherein

the photoinitiator includes at least one of acrylate, meth-
acrylate, and benzophenone.

4. The liquid crystal display of claim 3, wherein

the alignment layer includes a copolymer represented by
Structure Formula A:

Structure Formula A

O
O, O
O, O Q O
N
O O
O O O O



US 9,983,442 B2

35 36
5. The liquid crystal display of claim 4, wherein 8. The liquid crystal display of claim 1, wherein
the alignment layer further includes a copolymer repre- the alignment layer includes a main chain and a side chain
sented by Structure Formula B: connected to the main chain, the side chain includes a

Structure Formula B

(6]
N,
| RN
A
(6] (6]
A2 A
CH, \C|_}£2
7';’ 0 OH
0 0 0
o) o) o) o)
/QHN N N N N NH;\
0 o) (6] (6]
30
6. The liquid crystal display of claim 5, wherein main alignment auxiliary agent, and the main align-

amolar ratio of the copolymer of Structure Formula A and
the copolymer of Structure Formula B is 5:5. . .
7. The liquid crystal display of claim 2, wherein ing a pre-tilt.
the reactive mesogen included in the liquid crystal layer 35
forms a bump in a surface of the alignment layer, and . .
the bump includes an alignment polymer having a the alignment layer includes a copolymer represented by

pre-tilt. Structure Formula C:

ment auxiliary agent forms an alignment polymer hav-

9. The liquid crystal display of claim 8, wherein:

Structure Formula C

-1

To

) O
0]
Q [0) ) O o) 0] (0]
eer a9 Sse)
"
(@) (0] (¢] (0] (6] [6]
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10. The liquid crystal display of claim 9, wherein
the alignment layer further includes a copolymer repre-
sented by Structure Formula D:

38

Structure Formula D

oH
o) o o)
0 0
LN 0O
N
N N
N .
0
o 0
9]

11. The liquid crystal display of claim 10, wherein:

the molar ratio of the copolymer of Structure Formula C
and the copolymer of Structure Formula D has a range
of 1:20 to 1:18.

12. The liquid crystal display of claim 1, wherein

the liquid crystal molecules included in the liquid crystal
layer are vertically aligned.

13. A method of manufacturing a liquid crystal display
comprising:

forming a field generating electrode on at least one of a
first substrate and a second substrate facing the first
substrate;

forming an alignment layer including a main chain and a
side chain connected to the main chain on the field
generating electrode;

forming a liquid crystal layer including a liquid crystal
molecule and a sub-alignment auxiliary agent between

the first substrate and the second substrate; and

irradiating the liquid crystal layer while an electric field is

applied to the liquid crystal layer,

wherein the side chain includes a main alignment auxil-
iary agent, the main alignment auxiliary agent forms an
alignment polymer having a pre-tilt in the step irradi-
ating the light, and

the sub-alignment auxiliary agent includes a reactive

mesogen represented by Chemical Formula 1:

35

40

45

50

55

60

Chemical Formula 1

O O
(0] L @]
wherein
in Chemical Formula 1, L is NH, CH,, O,
CX;
L0 A= xey X
/I_\" /I_\" CX2 7<CX2 CXX”
CH , Xy, , z ;
N CH N
N
X0y CX3;, X3Cm CX;
7<CX2)k(< CX?Tn 7<CX2 CXXn
CH (@]
N

n is a natural number of 0 to 20, m is a natural number of
0 to 20, an X is a hydrogen, fluorine, or methyl group.

14. The method of claim 13, wherein

the alignment layer includes a copolymer represented by
Structure Formula C:
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Structure Formula C

O (6]

(6] o o

(@] O (@) O O O (6]

SIS IO

9} [0} (0) [0} 9] (¢} ’
15. The method of claim 14, wherein >0 17. The method of claim 13, wherein
the alignment layer further includes a copolymer repre- the liquid crystal molecules included in the liquid crystal

sented by Structure Formula D: layer are vertically aligned.

Structure Formula D

OH

0
LN 0O
N
N N
) a
0
o 0
o

16. The method of claim 15, wherein: 18. A method of manufacturing a liquid crystal display

. comprising:
the molar ratio of the copolymer of Structure Formula C

65  forming a field generating electrode on at least one of a

first substrate and a second substrate facing the first
of 1:20 to 1:18. substrate;

and the copolymer of Structure Formula D has a range
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coating an alignment material and an alignment auxiliary
agent on the field generating electrode;

forming a liquid crystal layer including a liquid crystal
molecule between the first substrate and the second
substrate; and

baking the alignment material to form an alignment layer
including a main chain and a side chain connected to
the main chain;

eluding the alignment auxiliary agent into the liquid
crystal layer; and

irradiating a light while an electric field is applied to the
liquid crystal layer,

wherein the side chain includes a photoinitiator,

the alignment auxiliary agent eluded into the liquid crystal
layer forms a bump in a surface of the alignment layer,
and the bump includes an alignment polymer having a
pre-tilt.

19. The method of claim 18, wherein

the alignment auxiliary agent includes a reactive mesogen

represented by Chemical Formula 1:

Chemical Formula 1

O, (0]

o
N,

| \

A
o

Az

2 5
CH, o

)
e}
O,
e}
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wherein

in Chemical Formula 1, L is NH, CH,, O,

CX;
CH; CX; /|__\n .c
/I—\" /I—\ CX, ’ 7m<cx2 CX?TnC %
CH, , CX , , )kf( .
N
X0
TR ex, CX?TnC s X3C7m<cx2 Cx?fnc %
CH 0
N

n is a natural number of 0 to 20, m is a natural number of

0 to 20, and X is a hydrogen, fluorine, or methyl group.

20. The method of claim 19, wherein

the photoinitiator includes at least one of acrylate, meth-

acrylate, and benzophenone.
21. The method of claim 20, wherein

the alignment layer includes a copolymer represented by

Structure Formula A:

Structure Formula A
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22. The method of claim 21, wherein

the alignment layer further includes a copolymer repre-
sented by Structure Formula B:

o}
N
| =
F
fo) (@]
A A
CH, CH,
~— ~N—
fo) (@]
o) (@]
(@] O O O
/QHN N N N N
fe) O O @]

23. The method of claim 22, wherein

the molar ratio of the copolymer of Structure Formula A

and the copolymer of Structure Formula B is formed to 35
be 5:5.

OH

44

Structure Formula B

NHQ\ |

24. The method of claim 19, wherein
the liquid crystal molecules included in the liquid crystal
layer are vertically aligned.

#* #* #* #* #*



