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(57) ABSTRACT

A method of manufacturing a photoalignment layer
includes: applying a photoalignment agent including a copo-
lymer of at least one of cyclobutanedianhydride and a
cyclobutanedianhydride derivative, and diamine, and a
crosslinking agent including an alkylene group having a
formula —C, H,,—, wherein n is a natural number, on a
substrate; pre-baking the photoalignment agent applied on
the substrate to form a pre-baked photoalignment agent;
hard-baking the pre-baked photoalignment agent to form a
hard-baked photoalignment agent; irradiating the hard-
baked photoalignment agent with a light source thereby
photoaligning the photoalignment agent; and secondarily
baking the photoalignment agent irradiated with the light
source, where in the application of the photoalignment agent
on the substrate, the photoalignment agent applied on an
edge portion of the substrate is applied in about 30 to about
70 wt %, relative to the photoalignment agent applied on the
center portion of the substrate.
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METHODS OF MANUFACTURING A
PHOTOALIGNMENT LAYER AND A LIQUID
CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0054486, filed on Apr. 17, 2015,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

[0002] (a) Field

[0003] This invention relates to methods of manufacturing
aphotoalignment layer and a liquid crystal display, and more
particularly, to methods of manufacturing a photoalignment
layer and a liquid crystal display where the photoalignment
layer has excellent reworkability properties.

[0004] (b) Description of the Related Art

[0005] In order for aliquid crystal element to facilitate the
production of an image, a liquid crystal is switched by an
external electric field between transparent conductive
glasses. The liquid crystal should be aligned in a certain
direction on an interface between the liquid crystal and a
transparent conductive glass electrode. A uniform degree of
liquid crystal alignment is a useful factor in determining the
image quality of a liquid crystal display.

[0006] As a conventional method of aligning a liquid
crystal in the prior art, there is a rubbing method including
applying a polymer film such as polyimide on a substrate
such as glass, and rubbing the applied surface in a certain
direction with a fiber such as nylon or polyester. However,
the rubbing method may generate fine dust or static elec-
tricity when fiber and a polymer film are rubbed together,
and these may cause a significant problem when manufac-
turing a liquid crystal panel.

[0007] 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 in this country to a person of ordinary skill in the art.

SUMMARY

[0008] In order to solve the problem discussed above, a
photoalignment method of inducing anisotropy on a poly-
mer film by light irradiation, and aligning a liquid crystal by
using the photoalignment method, has been recently
researched. This disclosure provides methods of manufac-
turing a photoalignment layer and a liquid crystal display,
having the advantage of excellent reworkability, through
adjustment of the physical properties of a photoalignment
agent, heat treatment conditions and application conditions
of the photoalignment agent, when manufacturing the pho-
toalignment layer.

[0009] An exemplary embodiment provides a method of
manufacturing a photoalignment layer including: applying a
photoalignment agent including a copolymer of at least one
of a cyclobutanedianhydride (CBDA), and a cyclobutane-
dianhydride derivative, and diamine, and a crosslinking
agent including an alkylene group having the formula
wherein n is a natural number, on a substrate; pre-baking the
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photoalignment agent applied on the substrate to form a
pre-baked photoalignment agent; hard-baking the pre-baked
photoalignment agent to form a hard-baked photoalignment
agent; irradiating the hard-baked photoalignment agent with
a light source thereby photoaligning the photoalignment
agent; and secondarily baking the photoalignment agent
irradiated with the light source, where in the application of
the photoalighment agent on the substrate, the photoalign-
ment agent applied on an edge portion of the substrate is
applied in about 30 to about 70 wt %, relative to the
photoalignment agent applied on a center portion of the
substrate.

[0010] The photoalignment agent may further include an
organic solvent, and be formed to have a viscosity of about
27 to 33 about centipoise (cP).

[0011] The pre-baking may be carried out by heat treat-
ment of the photoalignment agent at about 55 to about 65°
C. for about 60 to about 80 seconds.

[0012] The hard-baking may be carried out by heat treat-
ment of the photoalignment agent at about 200 to about 250°
C. for about 1000 to about 1500 seconds.

[0013] The irradiation with a light source may be carried
out by using ultraviolet rays in a range of about 230
nanometers (nm) to about 380 nm.

[0014] The secondary baking may be carried out by heat
treatment at about 200 to about 250° C. for about 1000 to
about 1500 seconds.

[0015] A thickness ratio of the photoalignment layer on
the center portion and the edge portion of the substrate may
be about 1:1 to about 1:2.

[0016] The photoalignment layer of the center portion
of the substrate may have a thickness of about 700 to
about 900 A.

[0017] The photoalignment layer of the edge portion of
the substrate may have a thickness of about 1400 to
about 1800 A.

[0018] The photoalignment layer may be removed using a
cleaning solution for the photoalignment layer, and the
photoalignment layer may be reformed.

[0019] The cyclobutanedianhydride may include a com-
pound represented by following Chemical Formula 1, and
the cyclobutanedianhydride derivative may include a com-
pound represented by following Chemical Formula 2:

[Chemical Formula 1]

o] 0]
) 6]
0 0
[Chemical Formula 2]
Q X1 X2 2
[0) 0
a X3 X4 O

[0020] where X1 to X4 are independently of one another
hydrogen, halogen or an alkyl group, and at least one of X1
to X4 is not hydrogen.
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[0021] The diamine may include a compound represented
by following Chemical Formula 3:

<\ />
H

N S NH,

[Chemical Formula 3]

[0022] The copolymer may include polyamic acid.
[0023] The crosslinking agent may include at least one of
compounds represented by following Chemical Formulae 6
to 9:

[Chemical Formula 6]

m\(( CHZ
CH, -
H2 CH2

Chemlcal Fommla 7]

o) o

ml
CH, CHZQ\
X5/k i XS

X9—(—CH2CH2—)HX10
[Chemical Formula 9]
X9+CH24)—'—(~CH2ﬁn—'—(~CH2ﬁ—X12

[0024] where n is a natural number of 2 to 11; m1 to m4
are independently of one another a natural number of 1 to 4;
Al and A2 are independently of each other

[Chemical Formula 8]

_/

(where R is H or an alkyl group having 1 to 3 carbon atoms),
an aromatic compound having 6 to 30 carbon atoms, or an
aliphatic cyclic compound having 4 to 20 carbon atoms; A3
is

an aromatic compound having 6 to 30 carbon atoms, or an
aliphatic cyclic compound having 4 to 20 carbon atoms; A4,
A5 and A6 are independently of one another a single bond,
—CH,—, —C00—, —0CO—, —S— —0—
—CH,CH,0—, —OCH,CH,—, an aromatic compound
having 6 to 30 carbon atoms, or an aliphatic cyclic com-
pound having 4 to 20 carbon atoms; and X1 to X12
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independently of one another include —OH, —NH,, an
acrylate group, a methacrylate group, a vinyl group or

A

[0025] In another exemplary embodiment, a method of
manufacturing a liquid crystal display includes: forming a
thin film transistor on a first substrate; forming a passivation
layer on the thin film transistor; disposing on the passivation
layer a first electrode and a second electrode with an
insulating layer interposed therebetween; applying a pho-
toalignment agent including a copolymer of at least one of
cyclobutanedianhydride and a cyclobutanedianhydride
derivative, and diamine, and a crosslinking agent including
an alkylene group having the formula —C,H,,—, wherein
n is a natural number, on the insulating layer; pre-baking the
photoalignment agent to form a pre-baked photoalignment
agent; hard-baking the pre-baked photoalignment agent to
form a hard-baked photoalignment agent; irradiating the
hard-baked photoalignment agent with a light source thereby
photoaligning the photoalignment agent; and secondarily
baking the photoalignment agent irradiated with the light
source, where in the application of a photoalignment agent
on the insulating layer, the photoalignment agent applied on
an edge portion of the insulating layer is applied in about 30
to about 70 wt %, relative to the photoalignment agent
applied on a center portion of the insulating layer.

[0026] According to another exemplary embodiment, the
methods of manufacturing a photoalignment layer and a
liquid crystal display may minimize a step difference of a
surface thickness of a photoalignment layer through adjust-
ment of physical properties of a photoalignment agent, heat
treatment conditions, and application conditions of a pho-
toalignment agent when manufacturing a photoalignment
layer, thereby having a merit of excellent reworkability of a
photoalignment layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, advantages and fea-
tures of this disclosure will become more apparent by
describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0028] FIG. 1 is a flow chart sequentially representing an
exemplary embodiment of a method of manufacturing a
photoalignment layer;

[0029] FIG. 2 is a structural formula representing an
exemplary embodiment of a process of decomposing a
photoalignment agent;

[0030] FIG. 3 is a drawing representing an exemplary
embodiment of a process for changing a photoalignment
layer from isotropic to anisotropic;

[0031] FIGS. 4(a) and 4(b) are photographs of edge por-
tions of an exemplary embodiment of a photoalignment
layer according to an example and a photoalignment layer
according to a Comparative Example;

[0032] FIG. 5isatop plan view representing an exemplary
embodiment of a liquid crystal display; and

[0033] FIG. 6is a cross-sectional view taken along the line
VI-VI of FIG. 5.
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DETAILED DESCRIPTION

[0034] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms, and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like
elements throughout.

[0035] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0036] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof

[0037] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0038] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.
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[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0040] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

[0041] In the drawings, the thickness of layers, films,
panels, regions, etc., are 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 interven-
ing 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.

[0042] First, an exemplary embodiment of a method of
manufacturing a photoalignment layer will be described in
detail, referring to FIG. 1.

[0043] FIG. 1 is a flow chart sequentially representing an
exemplary embodiment of the method of manufacturing a
photoalignment layer.

[0044] Referring to FIG. 1, an exemplary embodiment of
a method of manufacturing a photoalignment layer accord-
ing to the present invention includes applying a photoalign-
ment agent on a substrate (S101), pre-baking the photoalign-
ment agent applied on the substrate at 55-65° C. (8102),
hard-baking the pre-baked photoalignment agent at 200-
250° C. (8103), irradiating the hard-baked photoalignment
agent with ultraviolet rays (UV) (8104), and secondarily
baking the photoalignment agent irradiated with UV at
200-250° C. (8105), and each step will be described in
further detail below:

[0045] First, an exemplary embodiment of a process of
applying a photoalignment agent on a substrate (S101) will
be described.

[0046] An exemplary embodiment of the photoalignment
agent includes: (a) a copolymer of at least one of cyclobu-
tanedianhydride (CBDA) and a cyclobutanedianhydride
derivative, and diamine and (b) a crosslinking agent includ-
ing an alkylene group (—C,H,,—, wherein n is a natural
number).

[0047] Herein, the cyclobutanedianhydride may be a com-
pound represented by following Chemical Formula 1, and
the cyclobutanedianhydride derivative may be a compound
represented by following Chemical Formula 2:
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[Chemical Formula 1]

o] 0]
) 0
0] (0]
[Chemical Formula 2]
O X1 X2 2
[0) 0
o X3 X4 0

[0048] wherein X1 to X4 are independently of one another
hydrogen, halogen or an alkyl group, and at least one of X1
to X4 is not hydrogen.

[0049] In an exemplary embodiment, the cyclobutanedi-
anhydride derivative may be a compound represented by
following Chemical Formulae 2-1 and 2-2:

[Chemical Formula 2-1]

Q CH; O
o] o]
0 o
[Chemical Formmula 2-2]
[0) F 0]
0, 0]
0 F'

[0050] In an exemplary embodiment, the diamine may be
a compound represented by following Chemical Formula 3:

[Chemical Formula 3]

\ /
S~
HZN/\\_// NI,

[0051] The diamine is not limited to the compound rep-
resented by the above Chemical Formula 3, and in an
alternative exemplary embodiment the diamine may be a
compound of the above Chemical Formula 3 wherein hydro-
gen connected to a ring carbon is substituted by an alkyl
group, halogen, sulfur, and the like, an aromatic diamine
such as p-phenylenediamine, m-phenylenediamine, 2,5-di-
aminotoluene, 2,6-diaminotoluene, 4,4'-diaminobiphenyl,
3,3"-dimethyl-4,4'-diaminobiphenyl, 3,3'-dimethoxy-4,4'-di-
aminobiphenyl, diaminodiphenylmethane, diaminodipheny-
lether, 2,2'-diaminodiphenylpropane, bis(3,5-diethyl-4-
aminophenyl)methane, diaminodiphenylsulfone,
diaminobenzophenone, diaminonaphthalene, 1,4-bis(4-
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aminophenoxy)benzene, 1,4-his(4-aminophenyl)benzene,
9,10-bis(4-aminophenyl) anthracene, 1,3-bis(4-aminophe-
noxy)benzene, 4,4'-bis(4-aminophenoxy)diphenylsulfone,
2,2-bis[4-(4-aminophenoxy)phenyl|propane, 2,2-bis(4-
aminophenyl)hexafluoropropane,  2,2-bis[4-(4-aminophe-
noxy )phenyl]hexafluoropropane, alicyclic diamine such as
bis(4-aminocyclohexyl)methane, bis(4-amino-3-methylcy-
clohexyl)methane, and aliphatic diamine such as tetrameth-
ylenediamine, hexamethylenediamine.

[0052] In an exemplary embodiment, the copolymer of the
photoalignment agent may include at least one of the repeat-
ing units represented by the following Chemical Formulae 4
and 5.

[Chemical Formula 1]

o] 0]
0] 0
0 0]
[Chemical Formula 2]
O X1 X2 9
0] 0
o X3 X4 %

[0053] wherein X1 to X4 are independently of one another
hydrogen, halogen or an alkyl group, and at least one of X1
to X4 is not hydrogen.

[0054] In an exemplary embodiment, the crosslinking
agent may include at least one of the compounds represented
by the following Chemical Formulae 6 to 9:

[Chemical Formula 6]

X3
CHZ CHﬁ/

CH,
)QCHZ CH2
X2 '”4 X4

[Chemical Formula 7]

X7
\(\CHZ CHzﬁ
m
/(/CHz CHZ)\
X6 2 mA™xe

[Chemical Formula 8]

XQ—ﬁCHZCHﬁEXIO
[Chemical Formula 9]
Xn—(—CHﬁ,ﬁ'—eCHZvn—‘—rCHzmxu

[0055] wherein n is a natural number of 2 to 11; and m1
to m4 are independently of one another a natural number of
1to 4.
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[0056] In the Chemical Formulae 6 to 9, Al and A2 are
independently of each other

_\NJO_ \N— \CR—
A A

(wherein R is H or an alkyl group having 1 to 3 carbon
atoms), an aromatic compound having 6 to 30 carbon atoms,
or an aliphatic cyclic compound having 4 to 20 carbon
atoms; A3 is

an aromatic compound having 6 to 30 carbon atoms, or an
aliphatic cyclic compound having 4 to 20 carbon atoms; and
A4, A5 and A6 are independently of one another a single
bond, —CH,—, —COO—, —OCO—, —S—, —0O—,
—CH,CH,0—, —OCH,CH,—, an aromatic compound
having 6 to 30 carbon atoms, or an aliphatic cyclic com-
pound having 4 to 20 carbon atoms. Herein, the aromatic
compound may be, but not particularly limited to, a phenyl
group, alkyl-substituted phenyl, fluorine-substituted phenyl,
biphenyl, naphthalene, anthracene, or pentacene, and the
aliphatic cyclic compound may be, but is not particularly
limited to, cyclohexane, cyclobutane or cyclopentane.
[0057] In the Chemical Formulae 6 to 9, X1, X2, X3, X4,
X5, X6, X7, X8, X9, X10, X11 and X12 independently of
one another include —OH, —NH,, an acrylate group, a
methacrylate group, a vinyl group or

A

[0058] In an exemplary embodiment, the crosslinking
agent may be included in an amount of about 3 wt % or more
or about 10 wt % or less, relative to the total content of the
photoalignment agent, specifically in an amount of about 5
wt % or more or about 7 wt % or less. In an alternative
exemplary embodiment, the crosslinking agent may be
included in an amount of from about 3 wt % to about 10 wt
%, specifically, about 4 wt % to about 8 wt % and more
specifically about 5 wt % to about 7 wt %, relative to the
total content of the photoalignment agent.

[0059] In an exemplary embodiment, the crosslinking
agent may include a compound represented by following
Chemical Formula 10:

[Chemical Formula 10]
HO OH

N—XI3—~CH,5—X14—N

HO OH

[0060] wherein n is a natural number of 3 to 11; X13 and
X14 are independently of each other —(CH,),—O—,
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_O_(CH2)M_5 _(CHZ)m_S_ —S—
(wherein m is a natural number of 1 to 10),

(CH,),—

o]

e

>

an aromatic compound having 6 to 30 carbon atoms, or an
aliphatic cyclic compound having 4 to 20 carbon atoms.
[0061] Inan alternative exemplary embodiment, the cross-
linking agent may include a compound represented by
following Chemical Formula 11:

[Chemical Formula 11]

HO
0 OH
N
HJ 0 \
OH
[0062] As such, since the crosslinking agent includes an

alkvlene group (—CH,—) corresponding to a flexible
group, a photoalignment layer formed by using a pho-
toalignment agent to which the crosslinking agent is added,
may minimize afterimage deterioration while improving
film hardness.

[0063] In an exemplary embodiment, the photoalignment
agent may be used in a form where (a) a copolymer of at
least one compound of cyclobutanedianhydride (CBDA)
and a cyclobutanedianhydride (CBDA) derivative and
diamine, and (b) a crosslinking agent including an alkylene
group (—C, H,,—, wherein n is a natural number) are mixed
in a solvent.

[0064] Exemplary solvents are N-methyl-2-pyrrolidone
(NMP) and 2-butyl cellosolve (BC) may be used, but is the
solvents are not limited thereto. Examples of solvents are
cyclopentanol; a halogen-based solvent such as 1-chlorobu-
tane, chlorobenzene, 1,1-dichloroethane, 1,2-dichloroeth-
ane, chloroform, 1,1,2,2-tetrachloroethane; an ether-based
solvent such as diethylether, tetrahydropurane, 1,4-dioxane;
a ketone-based solvent such as methylethylketone (MEK),
acetone, cyclohexanone; an acetate-based solvent such as
propylene glycol monomethyl ether acetate (PGMEA); an
ester-based solvent such as ethyl acetate; a lactone-based
solvent such as y-butyrolactone; a carbonate-based solvent
such as ethylene carbonate, propylene carbonate; an amine-
based solvent such as triethylamine, pyridine; a nitrile-based
solvent such as acetonitrile; an amide-based solvent such as
N,N'-dimethyl formamide (DMF), N,N'-dimethyl acetamide
(DMACc), tetramethyl urea; a nitro-based solvent such as
nitromethane, nitrobenzene; a sulfide-based solvent such as
dimethyl sulfoxide (DMSO), sulfolane; and a phosphate-
based solvent such as hexamethylphosphateamide, trin-bu-
tylphosphate. A mixture of one or more solvents may be
used.

[0065] As such, a copolymer of at least one compound of
cyclobutanedianhydride (CBDA) and a cyclobutanedianhy-
dride (CBDA) derivative and diamine may be mixed with a
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solvent to form polyamic acid, and a crosslinking agent may
be added to the polyamic acid to form the photoalignment
agent.

[0066] In an exemplary embodiment, the photoalignment
agent may have viscosity of about 27 to about 33 centipoise
(cP). The viscosity of the photoalignment agent is adjustable
through adjustment of concentration of the polyamic acid
and the crosslinking agent.

[0067] In an exemplary embodiment, the photoalignment
agent is applied on a substrate, and on an edge portion of the
substrate, where only about 30 to about 70 wt %, specifically
about 40 to about 60 wt % and more specifically about 45 to
about 55 wt % of the photoalignment agent is applied,
relative to an amount of the photoalignment agent applied on
a center portion of the substrate. That is, a smaller amount
of the photoalignment agent is applied on the edge portion
of the substrate, as compared with the photoalignment agent
applied on the center portion of the substrate.

[0068] Herein, the “edge portion of the substrate” refers to
an outermost portion of about 0.5 to about 1.5 mm of the
substrate intended to form a photoalignment layer thereon,
and the center portion of the substrate refers to the remaining
portion with the exception of the edge portion.

[0069] Next, a process of pre-baking the photoalignment
agent applied on the substrate (5102) will be described.
[0070] The pre-baking may be carried out by heating the
photoalignment agent applied with different amounts from
each other on the center and edge portions of the substrate,
using a heating source at about 55 to about 65° C. for about
60 to about 80 seconds.

[0071] This is because in case of being subjected to
pre-bake at a temperature less than about 55° C., the solvent
may not be sufficiently removed, or the photoalignment
agent may not be evenly applied on the entire substrate, and
in case of being subjected to pre-bake at a temperature above
about 65° C., the photoalignment layer may be rapidly
formed so as to be cured too much.

[0072] The solvent may be removed through the pre-bake,
and the photoalignment agent may be applied on the entire
substrate to form the photoalignment layer.

[0073] Next, a process of hard-baking the pre-baked pho-
toalignment agent (S103) is carried out.

[0074] Hard-baking is carried out by heating the pre-baked
photoalignment agent using a heat source at a temperature of
about 200 to about 250° C. for about 1000 to about 1500
seconds.

[0075] In an exemplary embodiment, the photoalignment
agent including a polyamic acid and a crosslinking agent, the
polyamic acid may be changed into polyimide in a hard-
baking process, and the crosslinking agent may undergo
esterification thereby bonding to polyimide.

[0076] Next, through a process of irradiating the hard-
baked photoalignment agent with polarized light (S104), the
photoalignment agent may form a photoalignment layer
having a certain directivity. Herein, the light may be ultra-
violet rays (UV).

[0077] Herein, as the irradiated light, ultraviolet rays in a
range of about 230 nm to about 380 nm may be used,
specifically from about 230 nm to about 380 nm, more
specifically about 240 nm to about 300 nm and even more
specifically from about 250 to about 260 nm. Preferably,
ultraviolet rays of about 254 nm may be used. The polarized
light may have energy of about 0.20 J/cm? to about 1.0
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Tem?, specifically about 0.3 to about 0.9 J/em2, and more
specifically about 0.40 J/em? to about 0.50 J/cm?.

[0078] Next, a process of secondarily baking the pho-
toalignment agent irradiated with light (§105) may be car-
ried out, thereby more completely curing the photoalign-
ment layer, and rearranging photodecomposed molecules to
increase alignment.

[0079] The secondary baking process may be carried out
by heating using a heat source at about 200 to about 250° C.
for about 1000 to about 1500 seconds.

[0080] The thus-formed photoalignment layer according
to an exemplary embodiment may be formed to have a
thickness ratio on a center portion and an edge portion of a
substrate of about 1:1 to about 1:2.

[0081] Specifically, the photoalignment layer formed on a
center portion of a substrate may have a thickness of about
700 to about 900 A, and the photoalignment layer formed on
an edge portion of a substrate may have a thickness of about
1400 to about 1800 A, but not limited thereto, if the
thickness ratio on the center portion and the edge portion of
the substrate is within a range of about 1:1 to about 1:2.
[0082] Generally, if the photoalignment agent is applied
evenly in a same amount on the entire substrate to form the
photoalignment layer, the photoalignment agent is formed to
be more gathered on an edge portion of the substrate,
depending on a process step, and this causes the thickness of
the photoalignment layer on the edge portion of the substrate
to be formed unduly thick, when compared with that on the
center portion of the substrate.

[0083] As a result of an actual measurement, it was found
that if the photoalignment layer on the center portion of the
substrate has a thickness of about 800 A, the photoalignment
layer on an edge portion of a substrate may be formed to
have a thickness of about 2500 A, which is three times
thicker than the thickness of the photoalignment layer on a
center portion of a substrate

[0084] If the photoalignment layer on an edge portion of
a substrate is formed unduly thick, there is a problem of
being difficult to completely remove the photoalignment
layer on the edge portion in a rework process of removing
and reforming the photoalignment layer, due to a defect of
the photoalignment layer.

[0085] If a defective photoalignment layer is not com-
pletely removed by the photoalignment layer cleaning solu-
tion in a rework process, a photoalignment layer on the edge
portion which is not completely removed may contain a
residual cleaning solution, and if a new photoalignment
layer is reformed thereon, a display defect of the display
such as border stains and an afterimage may be caused.
[0086] Thus, in an exemplary embodiment, the method of
manufacturing a photoalignment layer may prevent a pho-
toalignment layer on an edge portion of a substrate from
being formed thick, especially when the manufacturing
processes involves using a photoalignment agent having low
viscosity, carrying out pre-baking at a somewhat low tem-
perature, and applying a smaller amount of a photoalign-
ment agent on an edge portion of a substrate, relative to an
amount of the photoalignment agent applied on a center
portion of a substrate.

[0087] By thus-forming a thickness of the photoalignment
layer on the edge portion of the substrate which is thin,
relative to the existing photoalignment layer, defects which
may be generated in a rework process of the photoalignment
layer may be prevented beforehand.
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[0088] Referring to FIGS. 2 and 3, an exemplary embodi-
ment of the processes of decomposing a photoalignment
agent, and changing the decomposed photoalignment agent
to be anisotropic, will be described in detail.

[0089] FIG. 2 is a structural formula representing an
exemplary embodiment of a process of decomposing a
photoalignment agent. FIG. 3 is a drawing representing an
exemplary embodiment of a process of changing a pho-
toalignment layer from isotropic to anisotropic.

[0090] Referring to FIG. 2, cyclobutanedianhydride and
diamine are copolymerized to form polyamic acid, and
thereafter, polyimide (Unit 1) is formed through a baking
process, and maleimide (Unit 1') is formed by irradiation of
polyimide with UV.

[0091] FIG. 3 represents that a polymer main chain includ-
ing polyimide (Unit 1) shown in FIG. 2 is decomposed to be
aligned by irradiation with polarized UV. Referring to FIG.
3, if an isotropic polymer main chain is irradiated with
polarized UV, photodecomposition occurs in a polarization
direction (an absorption axis direction), thereby aligning the
photoalignment layer in a direction perpendicular to polar-
ized light. Herein, if an exposure amount is too small, a
decomposition rate is low so that alignment may be dete-
riorated. On the contrary, if an exposure amount is too large,
a decomposition rate is high so that decomposition occurs
not only in a polarized direction, but also in other direction,
thereby deteriorating alignment.

[0092] Further, since in an exemplary embodiment a
crosslinking agent included in the photoalignment agent has
a flexible property, rearrangement of photodecomposed mol-
ecules may proceed well in a secondary baking process.

[0093] Referring to FIGS. 4(a) and 4(b), experimental
results are shown comparing a thickness of a photoalign-
ment layer manufactured by the method of manufacturing an
exemplary embodiment of a photoalignment layer with a
thickness of a conventional photoalignment layer.

[0094] FIGS. 4(a) and 4(b) are photographs of an exem-
plary embodiment of the edge portions of the photoalign-
ment layer according to the disclosure (b) and the pho-
toalignment layer according to a Comparative Example (a).

[0095] The Comparative Example was carried out in the
same manner as the exemplary embodiment of a method of
manufacturing the disclosed photoalignment layer, except
that a photoalignment agent having viscosity of 40 cP is
used, pre-baking is carried out at 75° C., and a uniform
amount of a photoalignment agent is applied on the center
portion and the edge portion of the substrate, thereby manu-
facturing the Comparative photoalignment layer.

[0096] As shown in FIG. 4, the photoalignment layer on
an edge portion of a substrate according to the Comparative
Example was formed thick thereby forming a step differ-
ence, whereas an exemplary embodiment of the photoalign-
ment layer on an edge portion of a substrate was formed
relatively thin, so that a step difference is not observed.
[0097] Hereinafter, referring to FIGS. 5 and 6, an exem-
plary embodiment of a liquid crystal display including the
photoalignment layer will be described.

[0098] FIG.5 is a top plan view representing an exemplary
embodiment of the liquid crystal display, and FIG. 6 is a
cross-sectional view taken along the line VI-VI of FIG. 5.
[0099] Referring to FIGS. 5 and 6, in an exemplary
embodiment, the liquid crystal display includes a lower
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display panel 100 and an upper display panel 200 facing
each other, and a liquid crystal layer 3 inserted there
between.

[0100] First, the lower display panel 100 will be described
[0101] On a first substrate 110 which may be manufac-
tured from transparent glass, plastic or the like, a gate
conductor including a gate line 121 is formed.

[0102] The gate line 121 may include a wide end portion
(not shown) for connection to a gate and other 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 molyb-
denum (Mo) or a molybdenum alloy, chromium (Cr), tan-
talum (Ta), titanium (T1), and the like. However, the gate line
121 may have a multilayer structure including at least two
conductive layer having different physical properties.
[0103] On the gate line 121, a gate insulating layer 140
that contains silicon nitride (SiNx), silicon oxide (SiOx) or
the like is formed. The gate insulating layer 140 may have
amultilayer structure including at least two insulating layers
having different physical properties.

[0104] On the gate insulating layer 140, a semiconductor
layer 154 made of an amorphous silicon, a polysilicon or the
like is disposed. The semiconductor layer 154 may be
formed of an oxide semiconductor.

[0105] On the semiconductor layer 154, ohmic contacts
163 and 165 are formed. The ohmic contacts 163 and 165
may be made of a material such as n+ hydrogenated amor-
phous silicon to which an n-type impurity such as phospho-
rus is doped at high concentration, or made of silicide. The
ohmic contacts 163 and 165 may be paired to be disposed on
a semiconductor layer 154. If the semiconductor layer 154
is an oxide semiconductor, the chmic contacts 163 and 165
may be omitted.

[0106] On the ohmic contacts 163 and 165 and the gate
insulating layer 140, a data line 171 including a source
electrode 173, and a data conductor including a drain
electrode 175 are formed.

[0107] The data line 171 includes a wide end portion (not
shown) for connection to other layer or an external driving
circuit. The data line 171 transmits a data signal, and is
stretched mainly in a vertical direction to intersect with a
gate line 121.

[0108] Herein, the data line 171 may have a flexure
portion having a flexed shape for obtaining a maximum
transmittance of a liquid crystal display, and the flexure
portions may meet each other in a middle region of a pixel
area to form a V-shape.

[0109] A sourceelectrode 173 is a part of the data line 171,
and disposed on the same line as the data line 171. A drain
electrode 175 is formed to be stretched out parallel to the
source electrode 173. Therefore, the drain electrode 175 is
parallel to a part of the data line 171.

[0110] The gate electrode 124, the source electrode 173
and the drain electrode 175 form one thin film transistor
(TFT) together with a semiconductor layer 154, and a
channel of the thin film transistor is formed on a semicon-
ductor layer 154 portion between the source electrode 173
and the drain electrode 175.

[0111] In an exemplary embodiment, the liquid crystal
display includes the source electrode 173 disposed on the
same line as the data line 171, and the drain electrode 175
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stretched out parallel to the data line 171, thereby broaden-
ing a width of the thin film transistor without broadening an
area occupied by the data conductor, and accordingly,
increasing an aperture ratio of the liquid crystal display.
[0112] Inan exemplary embodiment, the data line 171 and
the drain electrode 175 are made of a refractory metal such
as molybdenum, chromium, tantalum and titanium, or an
alloy thereof, and the data line 171 and the drain electrode
175 may have a multilayer structure including a refractory
metal layer (not shown) and a low resistant conductive layer
(not shown). The multilayer structure is exemplified by a
double layer of a chromium or molybdenum (alloy) lower
layer and an aluminum (alloy) upper layer, and a triple layer
of a molybdenum (alloy) lower layer, an aluminum (alloy)
intermediate layer and a molybdenum (alloy) upper layer.
[0113] On exposed parts of data conductors 171, 173, and
175, a gate insulating layer 140, and a semiconductor 154,
a first passivation layer 180a is disposed. The first passiva-
tion layer 180a may consist of an organic insulating mate-
rial, an inorganic insulating material and the like.

[0114] On the first passivation layer 180a, a second pas-
sivation layer 1805 is formed. The second passivation layer
1805 may consist of an organic insulator.

[0115] The second passivation layer 1806 may be a color
filter. If the second passivation layer 1805 is a color filter, the
second passivation layer 1805 may inherently display one of
primary colors, and an example of the primary color is three
primary colors such as red, green and blue, or yellow, cyan,
magenta, or the like. Though not shown, the color filter may
further include a color filter displaying a mixed color of
primary colors or white, in addition to a primary color. If the
second passivation layer 1804 is a color filter, a color filter
230 may be omitted in an upper display panel 200 described
below. Thus, in an alternative exemplary embodiment, the
second passivation layer 1805 is formed of an organic
insulating material, and a color filter (not shown) may be
formed between a first passivation layer 1804 and the second
passivation layer 1805.

[0116] With regard to the second passivation layer 1805, a
common electrode 270 is disposed thereon. The common
electrode 270 being in a planar shape may be formed in
whole on an entire substrate 110, and has an opening 138
disposed on a region corresponding to a peripheral of a drain
electrode 175. That is, the common electrode 270 may have
a planar shape in a plate form.

[0117] The common electrodes 270 disposed in adjacent
pixels may be connected to each other, thereby receiving a
certain level of common voltage, supplied from the outside
of a display area.

[0118] With regard to the common electrode 270, an
insulating layer 180c¢ is disposed thereon. The insulating
layer 180¢ may consist of an organic insulating material, an
inorganic insulating material, or the like.

[0119] With regard to the insulating layer 180c¢, a pixel
electrode 191 is disposed thereon. The pixel electrode 191
includes a curved edge being almost parallel to the flexure
portion of the data line 171. The pixel electrode 191 has a
plurality of cutouts 91, and includes a plurality of branch
electrodes 192 disposed between neighboring cutouts 91.
[0120] The pixel electrode 191 is a first field generating
electrode or a first electrode, and the common electrode 270
is a second field generating electrode or a second electrode.
The pixel electrode 191 and the common electrode 270 may
form a fringe field and the like.
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[0121] On the first passivation layer 180a, the second
passivation layer 1805 and the insulating layer 180c, a first
contact hole 185 exposing a drain electrode 175 is formed.
The pixel electrode 191 is physically and electrically con-
nected to the drain electrode 175 through a contact hole 185,
so that voltage is applied thereto from a drain electrode 175.
[0122] On the pixel electrode 191 and the insulating layer
180c, a first alignment layer 11 is formed. The first align-
ment layer 11 includes a photoalignment layer.

[0123] In an exemplary embodiment, the first alignment
layer 11 includes the photoalignment layer as described
above.

[0124] An upper display panel 200 will be described
below.
[0125] On a second substrate 210 made of transparent

glass, plastic or the like, a light blocking member 220 is
formed. The light blocking member 220 is also called, a
black matrix, and prevents light leakage.

[0126] On the second substrate 210, a plurality of color
filters 230 are also formed. If a second passivation layer
1805 of a lower display panel 100 is a color filter, or a color
filter is formed on a lower display panel 100, a color filter
230 on an upper display panel 200 may be omitted. Further,
a light blocking member 220 of an upper display panel 200
may be also formed on a lower display panel 100.

[0127] On the color filter 230 and the light blocking
member 220, an overcoat 250 is formed. The overcoat 250
may be made of an (organic) insulator, and prevents the
color filter 230 from being exposed and provides a flat
surface. In an alternative embodiment, the overcoat 250 may
be omitted.

[0128] On the overcoat 250, a second alignment layer 21
is formed. The second alignment layer 21 may be formed
with the same material in the same manner as the first
alignment layer 11 as described above.

[0129] In an exemplary embodiment, a liquid crystal layer
3 may include a liquid crystal having negative dielectric
anisotropy or positive dielectric anisotropy.

[0130] The liquid crystal of the liquid crystal layer 3 may
be arranged so that its major axis direction is parallel to
display panels 100 and 200.

[0131] A pixel electrode 191 receives data voltage from a
drain electrode 175, and a common electrode 270 receives a
certain level of common voltage from a common voltage
applying unit disposed in the outside of a display area.

[0132] The pixel electrode 191 and the common electrode
270 which are field generating electrodes generate electric
field, so that a liquid crystal of a liquid crystal layer 3
disposed on the two field generating electrodes 191 and 270
may rotate in a vertical or parallel direction to the direction
of an electric field. Depending on the thus-determined
rotating direction of a liquid crystal molecule, polarization
of light passing the liquid crystal layer is varied.

[0133] As such, by forming two field generating elec-
trodes 191 and 270 on one display panel 100, the transmit-
tance of the liquid crystal display may be increased, and a
wide viewing angle may be implemented.

[0134] According to an exemplary embodiment of the
liquid crystal, a common electrode 270 has a planar shape in
a surface form, a pixel electrode 191 has a plurality of
branch electrodes, whereas according to the liquid crystal
display according to another exemplary embodiment of the
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present invention, pixel electrode 191 has a planar shape in
a surface form, and a common electrode 270 has a plurality
of branch electrodes.
[0135] The methods of manufacturing a photoalignment
layer and a liquid crystal display may be applied to all other
applications where two field generating electrodes overlap
each other with an insulating layer interposed there between
on a first substrate 110, a first field generating electrode
formed under the insulating layer has a planar shape in a
surface form, and a second field generating electrode formed
on the insulating layer has a plurality of branch electrodes.
[0136] As described above, exemplary embodiments of
the methods of manufacturing a photoalignment layer and a
liquid crystal display may minimize a step difference of a
surface thickness of the photoalignment layer through
adjustment of the physical properties of a photoalignment
agent, heat treatment conditions and application conditions
of a photoalignment agent, when manufacturing the pho-
toalignment layer, and this may lead excellent reworkability
of the photoalignment layer. Hereinbefore, the preferred
exemplary embodiments of the present invention are
described in detail, but the scope of the present invention is
not limited thereto, and various modifications and improved
forms thereof by a person of an ordinary skill in the art using
a basic concept of the present invention as defined in the
appended claims, also belong to the scope of the present
invention.
[0137] 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
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.
What is claimed is:
1. A method of manufacturing a photoalignment layer
comprising:
applying a photoalignment agent comprising a copolymer
of at least one of cyclobutanedianhydride and a
cyclobutanedianhydride derivative, and diamine, and a
crosslinking agent comprising an alkylene group hav-
ing a formula —C H, —, wherein n is a natural
number, on a substrate,
pre-baking the photoalignment agent applied on the sub-
strate to form a pre-baked photoalignment agent,
hard-baking the pre-baked photoalignment agent to form
a hard-baked photoalignment agent,
irradiating the hard-baked photoalignment agent with a
light source thereby photoaligning the photoalignment
agent, and
secondarily baking the photoalignment agent irradiated
with the light source,
wherein in the applying of the photoalignment agent on
the substrate,
the photoalignment agent applied on an edge portion of
the substrate is applied in about 30 to about 70 wt %,
relative to the photoalignment agent applied on a center
portion of the substrate.
2. The method of claim 1, whetrein:
the photoalignment agent further includes an organic
solvent, and
is formed to have viscosity of about 27 to about 33
centipoise.
3. The method of claim 2, wherein:
the pre-baking is carried out by heat treatment of the
photoalignment agent at about 55 to about 65° C. for
about 60 to about 80 seconds.
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4. The method of claim 3, wherein:

the hard-baking is carried out by heat treatment of the
photoalignment agent at about 200 to about 250° C. for
1000-1500 seconds.

5. The method of claim 4, wherein:

the irradiating with a light source is carried out by using
ultraviolet rays in a range of 230 nanometers or more
380 nanometers or less.

6. The method of claim 5, wherein:

the secondary baking is carried out by heat treatment at
about 200 to about 250° C. for about 1000 to about
1500 seconds.

7. The method of claim 3, wherein:

a thickness ratio of the photoalignment layer on the center
portion and the edge portion of the substrate is about
1:1 to about 1:2.

8. The method of claim 7, wherein:

the photoalignment layer of the center portion of the
substrate has a thickness of about 700 about 900 A.

9. The method of claim 8, wherein:

the photoalignment layer of the edge portion of the
substrate has a thickness of about 1400 about 1800 A.

10. The method of claim 7 further comprising:

removing the photoalignment layer using a cleaning solu-
tion of the photoalignment layer, and

reforming the photoalignment layer.

11. The method of claim 3, wherein:

the cyclobutanedianhydride includes a compound repre-
sented by following Chemical Formula 1, and the
cyclobutanedianhydride derivative comprises a com-
pound represented by following Chemical Formula 2:

[Chemical Formula 1]

] (0]
0] 6]
] 0]

[Chemical Formula 2]

wherein X1 to X4 are independently of one another
hydrogen, halogen or an alkyl group, and at least one of
X1 to X4 is not hydrogen.

12. The method of claim 11, wherein:

the diamine comprises a compound represented by fol-
lowing Chemical Formula 3:

[Chemical Formula 3]

\ 4
SX
HZN/\\_// NH,

13. The method of claim 12, wherein:
the copolymer comprises polyamic acid.
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14. The method of claim 13, wherein:

the crosslinking agent is selected from at least one of
compounds represented by following Chemical Formu-
lae 6 to 9:

[Chemical Formula 6]

X3
CH7 CHZ/Y
Tantemr{ )
/QCHZ CH2
X2

Chemlcal Fommla 7
CH2 CHza/

/GCH, CH2
X6 m4 X8

X9—(-CH2CH2mX10
[Chemical Formula 9]
Xll—ﬁCHﬁM'—eCHzm—'—éCHZ-)ﬁXlz

wherein n is a natural number of 2 to 11; m1 to m4 are
independently of one another a natural number of 1 to
4; Al and A2 are independently of each other

[Chemical Formula 8]

_\J(.I)_ \N— \CR—
VA

(wherein R is H or an alkyl group having 1 to 3 carbon
atoms), an aromatic compound having 6 to 30 carbon
atoms, or an aliphatic cyclic compound having 4 to 20
carbon atoms; A3 is

an aromatic compound having 6 to 30 carbon atoms, or an
aliphatic cyclic compound having 4 to 20 carbon
atoms; A4, A5 and A6 are independently of one another
a single bond, —CH,—, —COO—, —OCO—, —S—,
—0—, —CH,CH,0—, —OCH,CH,—, an aromatic
compound having 6 to 30 carbon atoms, or an aliphatic
cyclic compound having 4 to 20 carbon atoms; and X1
to X12 independently of one another include —OH,
—NH,, an acrylate group, a methacrylate group, a
vinyl group or
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A

15. A method of manufacturing a liquid crystal display

comprising:

forming a thin film transistor on a first substrate,

forming a passivation layer on the thin film transistor,

disposing on the passivation layer a first electrode and a
second electrode with an insulating layer interposed
therebetween,

applying a photoalignment agent including a copolymer
of at least one of cyclobutanedianhydride and a
cyclobutanedianhydride derivative, and diamine, and a
crosslinking agent including an alkylene group having
a formula wherein n is a natural number, on the
insulating layet,

pre-baking the photoalignment agent to form a pre-baked
photoalignment agent,

hard-baking the pre-baked photoalignment agent to form
a hard-baked photoalignment agent,

irradiating the hard-baked photoalignment agent with a
light source thereby photoaligning the photoalignment
agent, and

secondarily baking the photoalignment agent irradiated
with the light source,

wherein in the applying of the photoalignment agent on
the insulating layer,

the photoalignment agent applied on an edge portion of
the insulating layer is applied in about 30 to about 70
wt %, relative to the photoalignment agent applied on
a center portion of the insulating layer.

16. The method of claim 15, wherein:

the photoalignment agent is formed to have viscosity of
about 27 to about 33 centipoise.

17. The method of claim 16, wherein:

the pre-baking is carried out by heat treatment of the
photoalignment agent at a temperature of about 55 to
about 65° C. for about 60 to about 80 seconds.

18. The method of claim 17, wherein:

a thickness ratio of the photoalignment layer on the center
portion and the edge portion of the first substrate is
about 1:1 to about 1:2.

19. The method of claim 18, wherein:

the photoalignment layer of the center portion of the first
substrate has a thickness of about 700 about 900 A, and

the photoalignment layer of the edge portion of the first
zlbstrate has a thickness of about 1400 to about 1800

20. The method of claim 18 further comprising:

removing the photoalignment layer using a cleaning solu-
tion of the photoalignment layer, and

reforming the photoalignment layer.
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