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(57) ABSTRACT

A liquid crystal display includes a first display panel and a
second display panel facing each other; a liquid crystal layer

191a

disposed between the first display panel and the second dis-
play panel and including pre-tilted liquid crystal molecules
and a first compound derived from a reactive mesogen ; and
an alignment layer positioned between the first display panel
and the second display panel, wherein the alignment layer
includes a polyimide derived from a composition including a
dianhydride-based compound, and a compound represented
by the following Chemical Formula 1.

[Chemical Formula 1]

o

NS N,

In the above Chemical Formula 1, R, is a substituted or
non-substituted C,-Cy alkyl group, R, is a substituted or non-
substituted C4-C,, alkyl group, and Al is a functional group
including a substituted or non-substituted aliphatic ring and a
substituted or non-substituted aromatic ring.

180q220b ‘850 I

|
A

L

7

=
\(Q\\

)]
230R 154b 1656 175b

230R 110

J///l/
140 180p 15421651752 230R



Patent Application Publication

Jun. 16,2011 Sheet 1 of 5

FIG.1

US 2011/0141416 A1

FI1G.2
Light
oy
/ /330

FIG.3

200«*|

370

i adr

310
350

—370




Patent Application Publication  Jun. 16,2011 Sheet 2 of 5 US 2011/0141416 A1

FIG.4
N I — T
A~ 270
~—200
/ ’ T ///
S R 3
—Clca —Clcb
2}a DLb
SL
7-_[ Csta 7-_[ Cstb

PXa-+  PXb
/ / / / 100




Patent Application Publication  Jun. 16,2011 Sheet 3 of 5 US 2011/0141416 A1

220
220b}220
191

191b}191

1—
1—

\41 35
191
171

-v185a

175

= T =
i@f //&\

:\\\\\\\//// \\\\///?@
. / \\// o

E
>
B B
E:\\\ N ////&
L A\% | =

,_
[=>]

1850 185p ./ 173\ 124 | 154
© 18906 173054 5*2 1 734 2% 300

185d

1]
=zzr, (1]
=

(71b—
220b\__

175b-— It

FIG.5



US 2011/0141416 A1

Jun. 16,2011 Sheet 4 of 5

Patent Application Publication

€191 opl eco|

\ \ [ [

eGol

BlLI A dog! A ©0¢¢ ®=ELl ﬁ Bpel BpGl momm mmm_ d epGl  dogL Ovl 0l ©0€ET

N S G

4691
96/ 1 ﬁ arGl d0€¢

| [

///j//://: L]

V)

! Il ] . , / \ _ ! ]

7 U

| L / “ [

1
I
i
T

————/\" — : =/ /
:|% I
r PSS
I 008l __ ecg| _uomP =
9 DIA




Patent Application Publication  Jun. 16,2011 Sheet 5 of 5 US 2011/0141416 A1

FIG.7

191a

e Ak
T

N | ) L1
230R 1640165 175 230R 110 140 180p  154a165a175a 230R




US 2011/0141416 Al

LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0124220 filed in the
Korean Intellectual Property Office on Dec. 14, 2009, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] A liquid crystal display and a manufacturing
method thereof are provided.

[0004] (b) Description of the Related Art

[0005] Liquid crystal displays (“LCDs”) are now one of the
most widely used types of flat panel displays. A liquid crystal
display has two display panels on which field generating
electrodes, such as pixel electrodes and a common electrode,
are formed. A liquid crystal layer is interposed between the
two display panels. Voltages are applied to the field generat-
ing electrodes on the two display panels so as to generate an
electric field across the liquid crystal layer. The electric field
then determines the alignment of the liquid crystal molecules
in the liquid crystal layer. Accordingly, the polarization of
light that is incident into the display is controlled by the
alignment of the liquid crystal molecules, thereby causing
images to be displayed.

[0006] A vertical alignment mode LCD has been devel-
oped. In a vertical alignment mode LCD, the major axes of
liquid erystal molecules are arranged so as to be perpendicu-
lar to the display panel in a state in which an electric field is
not applied.

[0007] Also, a method for providing a pretilt to the LC
molecules in the absence of an electric field has been devel-
oped. Providing a pretilt to the LCD molecules improves the
response speed of the liquid crystal while achieving a wide
viewing angle in a vertical alignment (VA) mode liquid crys-
tal display.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0009] A liquid crystal display includes: a first display
panel and a second display panel facing to each other; aliquid
crystal layer interposed between the first display panel and
the second display panel; and an alignment layer positioned
between the first display panel and the second display panel.
The liquid crystal layer includes a first compound, which is
derived from a reactive mesogen, and liquid crystal mol-
ecules, which are pre-tilted. The alignment layer includes a
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polyimide derived from a composition including a dianhy-
dride-based compound, and a compound represented by
Chemical Formula 1.

[Chemical Formula 1]

ar

LN NI,

[0010] Inthe above Chemical Formulal,R, isa substituted
or non-substituted C,-Cy alkyl group, R, is a substituted or
non-substituted Cg-C,,, alkyl group, and A, is a functional
group including a substituted or non-substituted aliphatic ring
and a substituted or non-substituted aromatic ring.

[0011] The composition may further include a compound
represented by Chemical Formula 2.

[Chemical Formula 2]
Az

'

LN NE,

[0012] In the above Chemical Formula 2, B, is an oxygen
atom, a carbonyl group, or a carboxylic group, and A, is a
functional group including an aliphatic ring.

[0013] Inthe composition, the ratio of the sum of the num-
ber of moles of the compound represented by Chemical For-
mula 1 and the compound represented by Chemical Formula
2 to the number of moles of the dianhydride-based compound
may be more than about 1/3.

[0014] The composition may further include a compound
represented by Chemical
[0015] Formula 3.
[Chemical Formula 3]
Bj_ B3
HZN@@NHZ
[0016] In the above Chemical Formula 3, B, and B, are

independently OH, O, or COOH.

[0017] The compound represented by Chemical Formula 1
may be a compound represented by Chemical Formula 4, a
compound represented by Chemical Formula 5, or mixtures
thereof.
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[Chemical Formula 4]

LN NI,

[Chemical Formula 5]

OO

o

N7 7 TN,

[0018] The compound represented by the above Chemical
Formula 1 may be a compound represented by Chemical
Formula 6, a compound represented by Chemical Formula 7,
a compound represented by Chemical Formula 8, a com-
pound represented by Chemical Formula 9, or mixtures
thereof.

[Chemical Formula 6]
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-continued
[Chemical Formula 7]
R,

[Chemical Formula 8]

[Chemical Formula 9]

[0019] The first compound may be oligomer, a polymer, or
a mixture thereof.

[0020] Thelongaxis ofthe first compound may be oriented
in a direction that is inclined with respect to the surface of the
first display panel, and the liquid crystal molecules may be
pre-tilted in the direction that the long axis of the first com-
pound is oriented.

[0021] The first display panel may further include a thin
film transistor, a color filter, and a pixel electrode, and the
second display panel may include a common electrode.
[0022] The first display panel may further include a light
blocking member.

[0023] The pixel electrode may include a minute branch
electrode.
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[0024] The first display panel may further include a first
substrate, a gate line disposed on the first substrate, a first data
line disposed on the first substrate, and a second data line
disposed on the first substrate, the thin film transistor may
include a first thin film transistor connected to the gate line
and the first data line and a second thin film transistor con-
nected to the gate line and the second data line, and the pixel
electrode may include a first sub-pixel electrode connected to
the first thin film transistor and a second sub-pixel electrode
connected to the second thin film transistor.

[0025] A manufacturing method of a liquid crystal display
includes: forming an alignment layer at a first display panel,
forming a liquid crystal layer including a reactive mesogen
and liquid crystal molecules between the first display panel
and a second display panel; applying a voltage to the liquid
crystal layer; and irradiating the liquid crystal layer with light,
wherein the alignment layer is formed from a composition
including a dianhydride-based compound, and a compound
represented by Chemical Formula 1.

[0026]

[0027] A firstcompound may be synthesized from the reac-
tive mesogen by irradiation of the liquid crystal layer with the
light, and the first compound may be an oligomer, a polymer,
or a mixture thereof.

[0028] Thelongaxis ofthe first compound may be oriented
in a direction that is inclined with respect to the surface of the
first display panel, and the liquid crystal molecules may be
pre-tilted in the direction the long axis of the first compound
is oriented.

[0029] According to one aspect, dripping spots of the liquid
crystal display may be reduced and the display quality may be
improved.

The light may be ultraviolet rays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1, FIG. 2 and FIG. 3 are views that illustrate a
process for pre-tilting liquid crystal molecules.

[0031] FIG. 41s an equivalent circuit diagram of a pixel in
a liquid crystal display according to an exemplary embodi-
ment.

[0032] FIG. 5 is a layout view of a liquid crystal display
according to an exemplary embodiment.

[0033] FIG. 6 is a cross-sectional view of the liquid crystal
display taken along the line of FIG. 5.

[0034] FIG. 7 is a cross-sectional view of the liquid crystal
display taken along the line IV-IV of FIG. 5.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0035] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments are shown. As those skilled in
the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. In the drawings,
irrelevant portions may be omitted for clarity, and like refer-
ence numerals designate like elements throughout the speci-
fication. Furthermore, detailed descriptions are not provided
for methods and/or apparatuses, etc. that are well-known to
persons of ordinary skill in the art.
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[0036] 1In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. It will be
understood that when an element such as a layer, film, region,
or substrate is referred to as being “on” another element, it can
be directly on the other element or intervening elements may
also be present. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. On the contrary, it will be understood that
when an element such as a layer, film, region, or substrate is
referred to as being “under” another element, it can be
directly under the other element, or intervening elements may
also be present. In contrast, when an element is referred to as
being “directly under” another element, there are no interven-
ing elements present.

[0037] In the present specification, unless it is otherwise
specified, the term “substituted” means substituted with at
least a substituent selected from the group consisting of a
halogen, a C1-C12 haloalkyl group, a C1-C12 alkyl group, a
C1-C12 alkoxy group, a C6-C12 aryl group, or a C6-C12
aryloxy group.

[0038] A liquid crystal display according to an exemplary
embodiment will be described with reference to FIG. 1 to
FIG. 3.

[0039] FIG. 1toFIG. 3 are views that illustrate a process for
pre-tilting liquid crystal molecules. A liquid crystal layer that
is “pre-tilted” is aligned, without the application of the volt-
age, at an angle through which the liquid crystal molecules
will rotate upon application of the voltage. The pre-tilt angle
is typically small. For instance, for a vertically aligned liquid
crystal layer that has an angle that is perpendicular (i.e. 90
degrees) to the surfaces of the display panels without appli-
cation of a voltage. When such a liquid crystal layer is pre-
tilted, the angle without application of the voltage may be
between 80 and 100 degrees.

[0040] Referring to FIG. 1, aliquid crystal layer 3, which is
interposed between a first display panel 100 and a second
display panel 200, includes reactive mesogens 330 and liquid
crystal molecules 310.

[0041] The liquid crystal molecules 310 may be aligned in
direction perpendicular to the surfaces of the first display
panel 100 and the second display panel 200 when a voltage is
not applied.

[0042] The reactive mesogen 330 includes a reactive func-
tional group and may include an aliphatic ring and an aro-
matic ring. The reactive functional group is attached at an end
of the reactive mesogen 330. The reactive mesogen 330 may
be referred to as a polymerizable liquid crystal compound. As
shown in FIG. 2 and FIG. 3, when the liquid crystal layer 3
that includes the reactive mesogen 330 also includes addi-
tives, such as initiators, and is exposed to light, such as ultra-
violet rays, several reactive mesogens 330 may be reacted
along with the initiator. Oligomers or polymers of the reactive
mesogen 330, or combinations thereof, may be formed
through the reaction. The resulting product of the reaction of
the reactive mesogens 330 is referred to herein as first com-
pounds 350 and 370. The reactive mesogen 330 may be added
to the liquid crystal layer 3 in a relatively small amount as
compared with the liquid crystal molecule 310. For example,
the reactive mesogen 330 may be added in a range of about
0.1-0.5 wt % of the entire liquid crystal composition.

[0043] Referring to FIG. 2, when a voltage is applied to the
first display panel 100 and the second display panel 200, the
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liquid crystal molecules 310 of the liquid crystal layer 3
between the first display panel 100 and the second display
panel 200 become arranged in a uniform direction. In a liquid
crystal display, the liquid crystal molecules 310 in the liquid
crystal display may be arranged in more than one direction,
depending, for instance, on the structure of the pixel elec-
trodes and the polarity of the voltages applied to the pixels.
For example, the liquid crystal layer 3 of the liquid crystal
display having a structure of a first display panel 100 illus-
trated in FIG. 5, described in more detail below, may include
liquid crystal molecules 310 that are arranged in four different
directions.

[0044] Referring again to FIG. 2, if the light is irradiated,
through the second display panel 200, the reactive mesogen
330 may form the first compounds 350 and 370, and the
reactive mesogen 330 may cause the liquid crystal molecules
310 to incline (i.e. pre-tilt) even though the voltage is not
applied to the first display panel 100 and the second display
panel 200. For example, ultraviolet rays may be irradiated
with energy of more than about 10J for about 5 minutes by
using a light source which supplies ultraviolet rays that have
an irradiation amount of about 35 mW/cm”.

[0045] Referring to FIG. 3, the first compounds 350 and
370 may, respectively, be formed between the liquid crystal
molecules 310 and at the surface of the first display panel 100
and the second display panel 200. For example, an uppermost
layer of the first display panel 100 and/or the second display
panel 200 (the layer closest to the liquid crystal layer 3) may
be an alignment layer (not shown), and the first compound
370 may be formed at the surface of the alignment layer.
When a voltage is not applied to the liquid crystal display, the
first compound 350 disposed between the liquid crystal mol-
ecules 310 and the first compound 370 disposed on the sut-
face of the display panels 100 and 200 may pre-tilt the liquid
crystal molecules 310 along with the alignment layer. For
example, the long axis of the first compounds 350 and 370 is
at an angle which is inclined with respect to the surface of the
first display panel 100, and the liquid crystal molecules 310
are pre-tilted according to the direction of the long axis of the
first compounds 350 and 370. Here, the pre-tilt angle of the
liquid crystal molecules 310, that is, the angle that the long
axis of the liquid crystal molecules forms with the surface of
the first display panel 100, may be in the range of, for
example, about 80 to 100 degrees. When the liquid crystal
molecules 310 are pre-tilted, the response speed of the liquid
crystal display may be fast, and thus display quality, for
instance for a motion picture, may be improved.

[0046] When using the reactive mesogen 330, because
response speeds can be increased, patterning of the electrode
of the second display panel 200 of the liquid crystal display
may not be needed. Therefore, the number of masks used in
manufacturing the liquid crystal display may be reduced,
thereby reducing the process cost. Also, when the second
display panel 200 is not patterned, deterioration of the display
device may be avoided even though the first display panel 100
and the second display panelare misaligned. Further, through
the use of the reactive mesogen 300 and the pre-tilt, the
transmittance of the liquid crystal display when changing
from a black gray to an arbitrary gray may be increased by
about 20%, dragging of the liquid crystal molecules may be
avoided such that the display quality of the motion picture
may be improved, and an additional process for preventing
static electricity for the polarizer may not be required.
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[0047] An alignment layer according to an exemplary
embodiment may include a polyimide derived from a com-
position that includes a dianhydride-based compound and a
compound represented by the following Chemical Formula 1.

[Chemical Formula 1]

A

a

NS N,

[0048] Inthe above Chemical Formulal, R, isasubstituted
or non-substituted C,-Cy alkyl group, R, is a substituted or
non-substituted C4-C,, alkyl group, and Al is a functional
group including a substituted or non-substituted aliphatic ring
and a substituted or non-substituted aromatic ring.

[0049] The compound represented by the above Chemical
Formula 1 may elongate the length of the side chains of the
alignment layer, and may improve the vertical alignment
property of the alignment layer. Ifthe length of the side chains
in the alignment layer is increased, hydrophobicity of the
alignment layer may be increased and the surface energy may
be decreased. Accordingly, when the reactive mesogen 330
and the liquid crystal molecules 310 are injected into the
liquid crystal display, the reactive mesogen 330 may be
spread uniformly at the surface of the alignment layer, and
drip spots, which may occur when compounds such as the
reactive mesogen 330 pool at the surface of the alignment
layer, may be reduced.

[0050] The compound represented by the above Chemical
Formula 1 may further include a compound represented by
the following Chemical Formula 4, the compound repre-
sented by the following Chemical Formula 5, or mixtures
thereof. The below compounds, or mixtures thereof, when
included in the liquid crystal layer 3, may help the reactive
mesogen 330 to be dispersed uniformly at the surface of the
alignment layer.

[Chemical Formula 4]
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-continued

[Chemical Formula 5]
R,

o

H,N NH,

[0051] The compound represented by the above Chemical
Formula 1 may include a compound represented by the fol-
lowing Chemical Formula 6, a compound represented the
following Chemical Formula 7, a compound represented by
the following Chemical Formula 8, a compound represented
by the following Chemical Formula 9, or mixtures thereof.
The below compounds, or mixtures thereof, when included in
the liquid crystal layer 3, may help the reactive mesogen 330
to be dispersed uniformly at the surface of the alignment
layer.

[Chemical Formula 6]

[Chemical Formula 7]
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-continued
[Chemical Formula 8]

[Chemical Formula 9]
R

[0052] The composition may further include a compound
represented by the following Chemical Formula 2. The below
compound may enhance the ability of the alignment layer to
align vertically.

[Chemical Formula 2]

o

NN N,

[0053] In the above Chemical Formula 2, B, is an oxygen
atom, a carbonyl group, or a carboxylic group, and A, is a
fanctional group including an aliphatic ring.

[0054] The compound represented by Chemical Formula 1,
Chemical Formula 2 and the dianhydrate-based compound
are included in the liquid crystal layer 3 such that the ratio of
the sum of the number of moles of the compound represented
by the above Chemical Formula 1 and the compound repre-
sented by the above Chemical Formula 2 to the number of
moles of the dianhydride-based compound may be more than
about 1/3. When the ratio is more than about 1/3, the density
of the side chains in the alignment layer may be increased
such that the hydrophobicity of the alignment layer may be
further increased and the surface energy may be further
decreased. Accordingly, when the reactive mesogen 330 and
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the liquid crystal molecules 310 are injected into the liquid
crystal display, the reactive mesogen 330 may be further
uniformly dispersed at the surface of the alignment layer, and
the potential for drip spots may be further reduced.

[0055] The composition may further include a compound
represented by the following Chemical Formula 3. The com-
pound represented by Chemical Formula 3 may increase the
solubility of the alignment layer.

[Chemical Formula 3]

B; B3
HZN‘©>_<©>7 NHZ

[0056] In the above Chemical Formula 3, B, and B, are
independently OH, O, or COOH.

[0057] Next, a liquid crystal display according to another
exemplary embodiment will be described with reference to
FIG. 4to FIG. 7. Description already provided with respect to
FIG. 1 to FIG. 3 which is redundant is omitted.

[0058] FIG. 4is an equivalent circuit diagram of a pixel in
a liquid crystal display according to an exemplary embodi-
ment. FIG. 5 is a layout view of a liquid crystal display
according to an exemplary embodiment. FIG. 6 is a cross-
sectional view of the liquid crystal display taken along the
line of FIG. 5. FIG. 7 is a cross-sectional view of the liquid
crystal display taken along the line IV-IV of FIG. 5.

[0059] Referring to FI1G. 4, a liquid crystal display accord-
ing to an exemplary embodiment includes a plurality of signal
lines DLa, DLb, GL and SL, and pixels PX connected thereto.
[0060] Referring to FIG. 4, the liquid crystal display
according to the present exemplary embodiment includes first
and second display panels 100 and 200 facing each other, and
aliquid crystal layer 3 interposed between the two panels 100
and 200. The first display panel 100 includes signal lines that
include a plurality of gate lines GL, a plurality of pairs of data
lines DLa and DLb, and a plurality of storage electrode lines
SL. The first display panel 100 also includes a plurality of
pixels PX connected to the signal lines.

[0061] Each pixel PX includes a pair of sub-pixels PXa and
PXb. Each sub-pixel PXa and PXb includes, respectively, a
switching element Qa and Qb, a liquid crystal capacitor Clca
and Clcb, and a storage capacitor Csta and Cstb.

[0062] Each switching element Qa and Qb is provided on
the lower panel 100. Fach switching element Qa and Qb is a
three terminal element, such as a thin film transistor, and
includes a control terminal connected to the gate line GL, an
input terminal connected to the data line DLa or DLb, and an
output terminal connected to the liquid crystal capacitor Clca
or Clcb and the storage capacitor Csta or Csth.

[0063] The liquid crystal capacitors Clca and Clcb use the
sub-pixel electrodes 191a and 19156 and the common elec-
trode 270 as the two capacitor terminals. The liquid crystal
layer 3 between the sub-pixel electrodes 191a and 1915 and
the common electrode 270 functions as a dielectric material
for the capacitors.

[0064] The storage capacitors Csta and Cstb serving as
assistants to the liquid crystal capacitors Clca and Clcb are
formed by the storage electrode line SL provided on the panel
100 and sub-pixel electrode 191a and 1915 that overlap the
storage electrode line SI, with an insulator interposed ther-
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ebetween. A predetermined voltage, such as the common
voltage Veom, is applied to the storage capacitors Csta and
Cstb.

[0065] Referringto FIG. 5to FIG. 7, aplurality of gate lines
121 and a plurality of storage electrode lines 131 and 135 are
formed on an insulating substrate 110 that is made of glass or
plastic. Each gate line 121 transmits a gate signal and extends
substantially in a row, or lateral, direction. Each gate line 121
includes a plurality of first and second gate electrodes 124a
and 124b that protrude upward from the gate line.

[0066] The storage electrode lines include a stem 131
extending substantially parallel to the gate lines 121, and a
plurality of storage electrodes 135 that extend from the stem
131. The arrangement and the shape of the storage electrode
lines 131 and the storage electrodes 135 may be variously
changed. The storage electrode lines 131 and the storage
electrodes 135 may also be omitted.

[0067] A gate insulating layer 140 is formed on the gate
lines 121, the storage electrode lines 131 and the storage
electrodes 135. The gate insulating layer 140 may include, for
example, silicon nitride (SiNx) or silicon oxide (SiOx).
[0068] A plurality of semiconductors 154a and 1545,
which are typically made of hydrogenated amorphous silicon
(amorphous silicon is referred to as a-Si) or polysilicon, are
formed on the gate insulating layer 140.

[0069] A plurality of pairs of ohmic contacts 161a, 1615,
163a, 1635, 165a, and 1655 are formed on the semiconduc-
tors 154a and 1545, and the ohmic contacts 161a, 1634, 1654,
and 1656 may be formed of a material such as n+ hydroge-
nated amorphous silicon, in which amorphous silicon is
doped with a high concentration of an n-type impurity, or of
a metal silicide.

[0070] A plurality of a pairs of datalines 171aand 1715 and
a plurality of first and second drain electrodes 1754 and 175
are formed on the ohmic contacts 161a, 163a, 1654, and
1650, and on the gate insulating layer 140. Also, a storage
voltage supplying line (not shown) is formed in a peripheral
area with the same layer as the data lines 171a and 1715 are
formed. The storage voltage supplying line is formed sub-
stantially in the column direction, and is electrically con-
nected to the plurality of storage electrode lines 131.

[0071] The data lines 171a and 1715 transmit data signals,
and extend substantially in the column, or longitudinal, direc-
tion thereby intersecting the gate lines 121 and the stems 131
of the storage electrode lines. Each data line 1714 and 1715
includes a plurality of first and second source electrodes 173a
and 1735 that extend toward the first and second gate elec-
trodes 124 and 124b and are curved with a “U” shape. The
firstand second source electrodes 173a and 1735 are opposite
to the first and second drain electrodes 175a and 1756 with
respect to the first and second gate electrodes 124a and 1244.
[0072] The first and second gate electrode 124a and 1244,
first and second source electrode 173a and 1735, and first and
second drain electrode 175a and 1755 respectively form the
first and second thin film transistor (TFT) Qa and Qb along
with the first and second semiconductor 154a and 1545. The
channel of the thin film transistors Qa and Qb is formed in the
first and second semiconductors 154a and 1545 between the
first and second source electrodes 173a and 1736 and the first
and second drain electrodes 175a and 175b. The first and
second drain electrodes 175a and 175b are respectively con-
nected to sub-pixel electrodes 191a and 1915 of the liquid
crystal display, thereby applying the driving voltage to the
sub-pixel electrodes 191a and 1915.
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[0073] The ohmic contacts 1635 and 1654 are interposed
only between the underlying semiconductor islands 154a and
154b, and the overlying data lines 171a and 1714 and drain
electrodes 175a and 1756, thereby reducing the contact resis-
tance between the underlying semiconductors 154a and 1545
and the overlying data lines 17le and 1715 and drain
electrodes175a and 175b.

[0074] Three layers, which include the first and second
semiconductors 154a and 1545 except for the channel por-
tion, the ohmic contacts 161a, 1615, 1634, 1635, 1654, and
1656, and the data lines 171a and 1715 including the first and
second source electrodes 173a and 1735 and the first and
second drain electrodes 1754 and 1755, have substantially the
same plane shape. The three layers may be formed by using
one mask. However, the first and second semiconductors
154a and 15456 and the ohmic contacts 161a, 1615, 1634,
1635, 1654, and 1655 may have an island shape. Also, the
shape of the three layers may be variously changed.

[0075] A lower layer 180p that is made from, for example,
silicon nitride or silicon oxide, is formed on the data lines
171a and 1715, the drain electrodes 175a and 1755, and the
exposed semiconductors 154a and 1545.

[0076] A blue color filter 230B, a green color filter 230G,
and a red color filter 230R are formed on the lower layer 180p.
Each of color filters 230B, 230G, and 230R, and the green
color filter, may have an elongated rectangular shape ina plan
view. Also, each of the color filters 230B, 230G, and 230R and
the green color filter are typically printed by an Inkjet process,
such that the process property is good.

[0077] An upper layer 180¢ is formed on the color filters
230B, 230G, and 230R. The upper layer 180¢ may include,
for example, silicon oxide, silicon nitride, or a photosensitive
organic material. The upper layer 1804 has the function of
planarizing the thin film transistor array panel.

[0078] Light blocking members 220a and 2205 are formed
between the lower layer 180p and the upper layer 1804. The
light blocking members 220a and 2205 extend substantially
in the column direction parallel to the data line 171a and 1715
and include a protrusion 2205 that covers the first and second
thin film transistors Qa and

[0079] Qb. The light blocking member 220a covers the
color filters 230B, 230G, and 230R, thereby preventing light
leakage.

[0080] A spacer 320 made from the same layer as the light
blocking member 220 is formed between the lower layer 180p
and the upper layer 180¢g. However, the spacer 320 may be
formed with a different layer from the layer used to form the
light blocking member 220. The spacer 320 has the function
of maintaining a gap for the liquid crystal layer 3, and may be,
for example, a column spacer 320. The column spacer 320
may be disposed between the first and second thin film tran-
sistors Qa and Qb.

[0081] The light blocking member 220 and the column
spacer 320 may include the same material, and may be
formed with different thicknesses by using a half-tone mask.
Also, the arrangement and the shape of the column spacer 320
may be variously changed.
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[0082] A plurality of pixel electrodes 191 and a connecting
member (not shown) are formed on the upper layer 180¢. The
plurality of pixel electrodes 191 and the connecting member
82 may include the same material, such as ITO or 1Z0O, and
may be formed in the same process.

[0083] Each pixel electrode 191 includes the first and sec-
ond sub-pixel electrodes 191a and 1915 that are separated
from each other by a gap 91 therebetween.

[0084] The overall shape of the first and second sub-pixel
electrodes 191a and 1915 is a quadrangle. The area occupied
by the second sub-pixel electrode 1915 may be larger than the
area occupied by the first sub-pixel electrode 191a in the
whole pixel electrode 191. The first and second sub-pixel
electrodes 191a and 1915 each include a main branch and a
sub-branch. The main branch has portions substantially par-
allel to the gate line 121 and sections substantially parallel to
the data line 171. The sub-branch is a minute (i.e. very small)
branch that has a comb-tooth shape.

[0085] Each first and second sub-pixel electrode 191a and
1915 is physically and electrically connected to the first and
second drain electrodes 1754 and 1755, respectively, through
contact holes 1854 and 1855 or 185¢ and 1854. Each first and
second sub-pixel electrode 191a and 1915 receives data volt-
ages from, respectively, the first and second drain electrode
175a and 1755.

[0086] A lower alignment layer 11 is formed on the plural-
ity of pixel electrodes 191 and the connecting member 82.
The lower alignment layer 11 may be the above-described
alignment layer.

[0087] The second display panel 200 includes the common
electrode 270 (FIG. 4) that is not patterned.

[0088] Aliquidcrystal layer3 (FIG. 4) including the above-
described reactive mesogen and the liquid crystal molecules
is formed between the first display panel 100 and the second
display panel 200.

[0089] Next, a manufacturing method of a liquid crystal
display according to another exemplary embodiment will be
described. Redundant description with respect to FIG. 1 to
FIG. 3 is omitted.

[0090] The alignment layer is formed on the first display
panel 100. The alignment layer 11 may be the above-de-
scribed alignment layer. When using the above-described
alignment layer, the reactive mesogen 330 in the liquid crystal
layer 3 may be spread uniformly at the surface of the align-
ment layer, and drip spotting on the surface of the alignment
layer may be reduced.

[0091] The liquid crystal layer 3 including the reactive
mesogen 330 and the liquid crystal molecules 310 is placed
between the first display panel 100 and the second display
panel 200.

[0092] A voltage is applied to the liquid crystal layer 3.
Also, liquid crystal layer 3 is irradiated with light, such as
ultraviolet rays. The application of the voltage and the irra-
diation with light may be executed simultaneously. The liquid
crystal molecules 310 are rotated by the voltage application
such that they may be inclined with respect to the surface of
the first display panel 100. The first compounds 350 and 370
may be synthesized from the reactive mesogen 330 as
described above.
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[0093] After formation of the first compounds 350 and 370,
the first compounds 350 and 370 affect the orientation of the
liquid crystal molecules, such that even when voltage is not
applied to the liquid crystal layer 3, the liquid crystal mol-
ecules 310 may be pre-tilted with respect to the surface of the
first display panel 100 or the second display panel 200 in a
direction in which the long axis of the first compounds 350
and 370 is oriented. Here, the direction that the long axis of
the first compounds 350 and 370 is oriented may be the
inclined direction with respect to the surface of the first dis-
play panel 100 or the second display panel 200.

[0094] Next, examples are described, however the below
examples are for purposes of illustration of the embodiments,
and the present invention is not limited thereto.

EXAMPLE 1

[0095] An alignment layer is formed on the display panels
of a liquid crystal display by using a composition that
includes a dianhydride-based compound represented by the
following Chemical Formula 10 at 20 mol %, a compound
represented by the following Chemical Formula 11 at 6 mol
%, a compound represented by the following Chemical For-
mula 12 at 2 mol %, and a compound represented by the
following Chemical Formula 13 at 12 mol %. The liquid
crystal display, which includes liquid crystal molecules and
the reactive mesogen in the liquid crystal layer, is manufac-
tured as described above.

[

0,
0
o}
0
O
0
[

CsHy7

Chemical Formula 10]

Chemical Formula 11]

[Chemical Formula 12]
OoH

O NH2
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-continued
[Chemical Formula 13]

N

2

AN

H,

2

COMPARATIVE EXAMPLE 1

[0096] A liquid crystal display is manufactured with the
same method as the above Example 1, except that the align-
ment layer is formed by using a composition that includes the
dianhydride-based compound represented by the above
Chemical

[0097] Formula 10 at 20 mol %, a compound represented
by the following Chemical Formula 14 at 2 mol %, a com-
pound represented by the following Chemical Formula 15 at
14 mol %. and a compound represented by the following
Chemical Formula 16 at 4 mol %.

)

5&0

NH,

[Chemical Formula 14]

HN

2

[
HN” : : “NH,

[0098] Measuring Drip Spots

[0099] Thedrip spots were measured and are represented in
Table 1 below for the liquid crystal displays of Example 1 and
Comparative Example 1.

[Chemical Formula 15]

Chemical Formula 16]
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TABLE 1

Degree of drip spots Extinction of

32 gray 16 gray 8 gray drip spots
Example 1 very small small medium 33 gray
Comparative ~ Not recognized very small  small 17 gray
Example 1

[0100] InExample1,thedegreeof dripping spots is smaller
than in Comparative Example 1. Generally, the dripping spots
may be easily recognized as the value of the gray is deceased.
[0101] Measuring Spots of an Alignment Layer

[0102] Spots of the alignment layer were measured for the
liquid crystal displays manufactured in Example 1 and Com-
parative Example 1.

[0103] When the alignment layer of the liquid crystal dis-
play is formed through Example 1, the spots of the alignment
layer are not generated. In the liquid crystal display of Com-
parative Example 1, spots of the alignment layer are gener-
ated with an oblique line shape. Accordingly, it may be con-
firmed that the process characteristic for the alignment layer
of Example 1 is good.

[0104] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

afirst display panel and a second display panel facing each
other;

a liquid crystal layer disposed between the first display
panel and the second display panel, the liquid crystal
layer comprising a first compound and liquid crystal
molecules; and

an alignment layer disposed between the first display panel
and the second display panel,

wherein the liquid crystal molecules are pre-tilted,

wherein the first compound is derived from a reactive
mesogen, and

wherein the alignment layer comprises a polyimide derived
from a composition comprising:

a dianhydride-based compound, and

a compound represented by Chemical Formula 1:

[Chemical Formula 1]

Y
HzN@/\

NH»

wherein R, is a substituted or non-substituted C,-C, alkyl
group, R, is a substituted or non-substituted Cz-Cs,
alkyl group, and A, is a functional group comprising a
substituted or non-substituted aliphatic ring and a sub-
stituted or non-substituted aromatic ring.
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2. The liquid crystal display of claim 1, wherein

the composition further comprises a compound repre-
sented by Chemical Formula 2:

[Chemical Formula 2]

o8
HzN/\Q\

NH,

wherein B, is an oxygen atom, a carbony! group, or a
carboxylic group, and A, is a functional group compris-
ing an aliphatic ring.

3. The liquid crystal display of claim 2, wherein

a ratio of a sum of a number of moles of the compound
represented by Chemical Formula 1 and the compound
represented Chemical Formula 2 to a number of moles of
the dianhydride-based compound is more than about
1/3.

4. The liquid crystal display of claim 2, wherein

the composition further comprises a compound repre-
sented by Chemical Formula 3:

[Chemical Formula 3]

wherein B, and B, are independently OH, O, or COOH.
5. The liquid crystal display of claim 1, wherein

the compound represented by Chemical Formula 1
includes a compound represented by the following
Chemical Formula 4, a compound represented by the
following Chemical Formula 5, or mixtures thereof:

[Chemical Formula 4]

o



US 2011/0141416 Al

-continued

[Chemical Formula 5]
R,

N7 7 N,

6. The liquid crystal display of claim 1, wherein

the compound represented by Chemical Formula 1
includes a compound represented by Chemical Formula
6, a compound represented by Chemical Formula 7, a
compound represented by Chemical Formula 8, a com-
pound represented by Chemical Formula 9, or mixtures
thereof:

[Chemical Formula 6]

[Chemical Formula 7]
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-continued

[Chemical Formula 8]
Ry

[Chemical Formula 9]

7. The liquid crystal display of claim 1, wherein

the first compound is an oligomer, a polymer, or a mixture
thereof.

8. The liquid crystal display of claim 7, wherein

a long axis of the first compound is oriented in a direction
that is inclined with respect to a surface of the first
display panel facing the second display panel, and the
liquid crystal molecules are pre-tilted according to the
orientation of the long axis of the first compound.

9. The liquid crystal display of claim 1, wherein

the first display panel further comprises a thin film transis-
tor, a color filter, and a pixel electrode, and the second
display panel comprises a common electrode.

10. The liquid crystal display of claim 9, wherein

the first display panel further comprises a light blocking
member.

11. The liquid crystal display of claim 10, wherein

the pixel electrode comprises a minute branch electrode.

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

the first display panel further comprises a first substrate, a
gate line disposed on the first substrate, a first data line
disposed on the first substrate, and a second data line
disposed on the first substrate;

the thin film transistor comprises a first thin film transistor
connected to the gate line and the first data line and a
second thin film transistor connected to the gate line and
the second data line; and
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the pixel electrode comprises a first sub-pixel electrode
connected to the first thin film transistor and a second
sub-pixel electrode connected to the second thin film
transistor.

13. A method for manufacturing a liquid crystal display

comprising:

forming an alignment layer at a first display panel;

forming a liquid crystal layer comprising a reactive
mesogen and liquid crystal molecules between the first
display panel and a second display panel,

applying a voltage to the liquid crystal layer; and

irradiating the liquid crystal layer with light,

wherein the alignment layer is formed of a composition
comprising:

a dianhydride-based compound, and

a compound represented by Chemical Formula 1:

[Chemical Formula 1]

o
HZN/@

NH,

wherein R is a substituted or non-substituted C,-Cy alkyl
group, R, is a substituted or non-substituted Cz-Cs,
alkyl group, and A, is a functional group comprising a
substituted or non-substituted aliphatic ring and a sub-
stituted or non-substituted aromatic ring.

14. ¢ The method of claim 13, wherein

the composition further comprises a compound repre-
sented by Chemical Formula 2:

[Chemical Formula 2]
Ay

o

LN N,

wherein B, is an oxygen atom, a carbonyl group, or a
carboxylic group, and A, is a functional group compris-
ing an aliphatic ring.

15. The method of claim 14, wherein

a ratio of the sum of a number of moles of the compound
represented by Chemical Formula 1 and the compound
represented by Chemical Formula 2 to a number of
moles of the dianhydride-based compound is more than
about 1/3.
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16. The method of claim 14, wherein

the composition further comprises a compound repre-
sented by Chemical Formula 3:

[Chemical Formula 3]

N NH,

:

wherein B, and B; are independently OH, O, or COOH.

17. The method of claim 13, wherein

the compound represented by the above Chemical Formula
1 includes a compound represented by the following
Chemical Formula 4, a compound represented by the
following Chemical Formula 5, or a mixture thereof:

[Chemical Formula 4]

[Chemical Formula 5]
Ry

ﬂ

o

LN N N

18. The method of claim 13, wherein

the compound represented Chemical Formula 1 includes a
compound represented by the following Chemical For-
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mula 6, a compound represented by the following
Chemical Formula 7, a compound represented by the
following Chemical Formula 8, acompound represented
by the following Chemical Formula 9, or mixtures

thereof:
[Chemical Formula 6]
Ry
m/Rl
H,N” \/: ~NH,
[Chemical Formula 7]
R
(\rRl
N7 7 N,
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-continued

[Chemical Formula 8]
R,

[Chemical Formula 9]

19. The method of claim 13, wherein

the light is ultraviolet rays.

20. The method of claim 13, wherein

a first compound is synthesized from the reactive mesogen
by the irradiation of the light, and the first compound is
an oligomer, a polymer, or a mixture thereof.

21. The method of claim 20, wherein

adirection that a long axis of the first compound is oriented
is a direction that is inclined with respect to a surface of
the first display panel facing the second display panel,
and the liquid crystal molecules are pre-tilted according
to the direction that the long axis of the first compound is
oriented.
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