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(57) ABSTRACT

An LCD device includes first and second substrates, an align-
ment layer formed over at least one of the substrates, and a
liquid crystal layer formed between the substrates. The align-
ment layer is formed of a mixture of rubbing alignment and
UV alignment materials. A method of fabricating the LCD
device includes preparing first and second substrates; coating
an alignment layer over at least one of the substrates; per-
forming a rubbing process on the substrate coated with the
alignment layer; and irradiating polarized UV rays onto the
substrate coated with the alignment layer, wherein the align-
ment layer is formed of a mixture of rubbing alignment a UV
alignment materials. The rubbing process obtains high
anchoring energy is obtained, thereby preventing afterim-
ages. Also, the process of irradiating the polarized UV rays
eliminates the problem of light leakage.
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have an anisotropic structure, which can be formed when the
polymeric film anisotropically reacts with the polarized UV
rays.

[0023] However, although the photo-alignment method
may address the above-described problems related to the
rubbing alignment method described above, the photo-align-
ment method has a serious problem in that the anchoring
energy is low. More specifically, with the rubbing alignment
method, since the side chains of the organic polymer are
arranged in the constant direction as described above, and
grooves are uniformly formed over the surface of the sub-
strate by rubbing, the alignment of the liquid crystals is con-
trolled by mechanical interaction between the grooves and the
liquid crystals as well as by chemical interaction between the
side chains and the liquid crystals. In contrast, in the photo-
alignment method, the alignment of the liquid crystals is
controlled only by the chemical interaction between the side
chains and the liquid crystals caused only by the photoreac-
tion, without forming grooves on the surface of the substrate.
Accordingly, in comparison to the rubbing alignment
method, the photo-alignment method provides a lower
anchoring energy and causes a problem of afterimage.

[0024] Since the problem of afterimage caused by the
photo-alignment method is serious to such an extent that the
method cannot be applied to large-scale production lines, the
rubbing alignment method has been used for large production
lines in spite of the light leakage problems.

[0025] As LCD devices of a higher quality have been
increasingly required, there is a need to developing a method
of aligning the liquid crystals that can overcome or minimize
the problems of the rubbing alignment method and the photo-
alignment method according to the related art.

SUMMARY OF THE INVENTION

[0026] Accordingly, the invention is directed to an LCD
device and a method of fabricating the same, which substan-
tially obviate one or more problems due to limitations and
disadvantages of the related art.

[0027] An object of the invention, in part, is to provide an
LCD device and a method of fabricating the same, in which
problems of both the rubbing alignment method and the
photo-alignment method can be solved.

[0028] To achievethese objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method of fabricating an LCD
device includes preparing first and second substrates; coating
an alignment layer over at least one of the substrates; per-
forming a rubbing process on the substrate coated with the
alignment layer; and irradiating polarized UV rays onto the
substrate coated with the alignment layer, where the align-
ment layer is formed of a mixture of rubbing alignment mate-
rial and UV alignment material.

[0029] In another aspect of the invention, an LCD device
includes first and second substrates, an alighment layer
formed over at least one of the substrates, and a liquid crystal
layer formed between the substrates, where the alignment
layer is formed of a mixture of a rubbing alignment material
and a UV alignment material.

[0030] TItistobeunderstood that both the foregoing general
description and the following detailed description of the
invention are exemplary and explanatory and are intended to
provide further explanation of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0032] FIG. 1 shows an exploded perspective view illus-
trating a related art TN mode LCD device;

[0033] FIGS. 2 and 3 illustrate problems of a related art
rubbing alignment method;

[0034] FIG. 4 illustrates a related art photo-alignment
method using a photo-decomposition reaction;

[0035] FIG. 5 illustrates a photo-alignment method using a
photo-isomerization reaction according to the invention;
[0036] FIG. 6 illustrates a photo-alignment method using a
photo-dimerization reaction according to the invention;
[0037] FIG.7isasectional view illustrating an LCD device
according to an embodiment of the invention; and

[0038] FIGS. 8A to 8E are process views illustrating a
method of fabricating an LCD device according to an
embodiment of the invention.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0040] Theinvention addresses the problems of the conven-
tional methods by combining a rubbing alignment method
and a photo-alignment method. In other words, with the rub-
bing alignment method, when arrangement of a rubbing cloth
becomes disordered or the rubbing cloth fails to contact the
substrate, the alignment material coated on a region does not
align with a constant alignment direction. Thus, the inventors
of the present application recognized this problem and con-
ceived a method for causing the portion(s) of the alignment
material not aligned by the rubbing alignment method of the
related art to be aligned by a photo-alignment method con-
figured to address this need. Also, using the rubbing align-
ment method solves problems relating to low anchoring
energy in the photo-alignment method.

[0041] Therefore, in order to use both the rubbing align-
ment method and the photo-alignment method in the inven-
tion, the alignment layer is formed of a mixture of at least a
rubbing alignment material and a UV alignment material.
[0042] Ifthe mixed material of rubbing alignment material
and UV alignment material is used, phase separation occurs
between the rubbing alignment material and the UV align-
ment material when the temperature increases. Therefore, in
order to prevent phase separation from occurring, the rubbing
alignment material preferably has polarity and structure simi-
lar to those of the UV alignment material.

[0043] The invention also utilizes, as the UV alignment
material, a material that generates a photo-isomerization
reaction or a photo-dimerization reaction in the photo-align-
ment method. Hereafter, the photoreaction in the photo-align-
ment method and the reason why the photo-isomerization
reaction or the photo-dimerization reaction is selected in the
invention will be described.

[0044] The photo-alignment method may be classified into
a photo-decomposition reaction, a photo-isomerization reac-
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tion, or a photo-dimerization reaction depending on the kind
of reaction between the utilized alignment material and the
UV rays.

[0045] In the photo-decomposition reaction, as shown in
FIG. 4, when polarized UV rays are irradiated to the polymer
alignment layer, a connection between side chains located in
a polarized direction decomposes, and thus only the side
chains vertical to the polarized direction remain, thereby
allowing the liquid crystals to align in that direction.

[0046] In the photo-isomerization reaction, as shown in
FIG. 5, when the polarized UV rays are irradiated to the
polymer alignment material, a cis-state polymeric material
can convert to a trans-state polymeric material, and vice
versa. In the case of cis-state polymeric material, the side
chains are aligned parallel to the substrate, so that the liquid
crystals are aligned parallel to the substrate (homogeneous
alignment). In the case of trans-state polymeric material, the
side chains are aligned vertical to the substrate, so that the
liquid crystals are aligned vertical to the substrate (homeo-
tropic alignment).

[0047] Inthe photo-dimerization reaction, as shown in FIG.
6, when the polarized UV rays are irradiated, double bonds
(marked by an arrow) parallel to the polarization direction are
broken and bond to adjacent molecules. As a result, the liquid
crystals align along the direction in which anisotropy is
induced (that is, vertical or horizontal to the polarization
direction).

[0048] According to the photo-decomposition reaction of
the photo-alignment method, a first problem may occur in that
anchoring energy is lowered as the bonding of the alignment
layer well aligned by rubbing decomposes. Second, afterim-
age occurs due to foreign matter generated by the photo-
decomposition reaction. Third, a step of removing the foreign
matter must additionally be provided to solve the problem
relating to afterimage. In this case, a cleaning solution is
required to remove the foreign matter, i.e., detritus, of the
polymer material.

[0049] Therefore, the invention addresses the photo-
isomerization reaction or the photo-dimerization reaction of
the photo-alignment method.

[0050] As described above, the invention combines the rub-
bing alignment material and the UV alignment material,
where the rubbing alignment material has polarity and struc-
ture similar to that of the UV alignment material. In addition,
the invention may use the material that generates a photo-
isomerization reaction or a photo-dimerization reaction, as
the UV alignment material.

[0051] A polymeric material containing a polymer main
chain and a photo-reaction group connected to the polymer
main chain is preferably used as the UV alignment material.
[0052] The photo-reaction group is preferably selected
from at least one of a cinnamoyl based material, a chalcone
based material, a coumarine based material, a maleimide
based material, or an azo based material.

[0053] The polymer main chain is preferably selected from
a polyimide, polyamic acid, polynorbornene, phenylmaleim-
ide, polyvinylalcohol, polyamideimide, polyethyleneimine,
polyamide, polyethylene, polystyrene, polyphenyleneph-
thalamide, polyester, polyurethane, polymethylmethacrylate,
an azo side-chain type imide, a stilbene main-chain type
imide, coumarine derivatives, and chalcone derivatives.
Copolymers of these materials may also be used.

[0054] Therubbingalignment material is preferably at least
one of polyimide, polyamic acid, polyamide, polynor-
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bornene, polyamideimide, polyvinyl, polyolefine, polysty-
rene, polyacrylate, poly(vinylchloride), polyether, polyester,
polythioether, polysulfone, polyethersulfone, polyethere-
therketone, polyurea, polyurethane, polybenzimidazol, poly-
acetal, or poly(vinylacetate).

[0055] Also, in an exemplary method of fabricating an
LCD device according to the invention, the rubbing process
and the UV irradiation process may be performed simulta-
neously or separately (at different times). If the rubbing pro-
cess and the UV irradiation process may be performed sepa-
rately (at different times), the rubbing process may be
performed before the UV irradiation process, and vice versa.
[0056] Furthermore, the UV irradiation process may be
performed over the entire surface of the substrate having the
alignment material coated thereon, or the UV irradiation pro-
cess may be performed at a region where a step is formed on
the substrate having the alignment material coated thereon.
That is, when the rubbing cloth fails to contact the substrate,
a step is formed on the substrate, and thus the polarized UV
rays may be irradiated to the region where the step is formed
(in other words, the polarized UV rays may be irradiated to
the step region while shielding regions other than the step
region with a mask). When the alignment of the rubbing cloth
becomes disordered and the step forms on the substrate, the
polarized UV rays are preferably irradiated over the entire
surface of the substrate.

[0057] When the polarized UV rays are irradiated only on
the step regions, different step regions are formed depending
on whether the substrate is the thin film transistor substrate or
the color filter substrate. Even when the substrates are the
same, the different step regions are formed depending on
whether the LCD device is a TN mode or an IPS mode.
[0058] Hereinafter, a preferred embodiment of the inven-
tion will be described in more detail.

[0059] FIG. 7 shows a sectional view illustrating an LCD
device according to the embodiment of the invention.

[0060] AsshowninFIG.7,the LCD device according to the
embodiment of the invention includes a lower substrate 100,
an upper substrate 200, alignment layers 300a and 3005
formed on the substrates 100 and 200, and a liquid crystal
layer 400 formed between the substrates 100 and 200.
[0061] Although not shown in detail, various modifications
can be made in the structures of the lower substrate 100 and
the upper substrate 200 depending on the different possible
modes of the LCD device.

[0062] As such, the lower substrate 100 of the TN mode
LCD device includes a gate line and a data line crossing each
other to define a pixel region thereon; a thin film transistor
formed on a crossing region of the gate line and the data line,
the thin film transistor including a gate electrode, a source
electrode and a drain electrode; and a pixel electrode con-
nected to the drain electrode of the thin film transistor. The
upper substrate 200 of the TN mode LCD device may include
a light-shielding layer; R, G and B color filter layers formed
on the light-shielding layer; and a common electrode formed
on the color filter layers.

[0063] The lower substrate 100 of the IPS mode LCD
device may include a gate line and a data line crossing each
other to define a pixel region thereon; a thin film transistor
formed on a crossing region of the gate line and the data line,
the thin film transistor including a gate electrode, a source
electrode and a drain electrode; a pixel electrode connected to
the drain electrode of the thin film transistor; and a common
electrode formed parallel to the pixel electrode. The upper
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substrate 200 of the IPS mode LCD device may include a
light-shielding layer; R, G and B color filter layers formed on
the light-shielding layer; and an overcoat layer formed on the
color filter layers.

[0064] In addition, a spacer (not shown) may be formed
between the substrates 100 and 200 to maintain a cell gap
between the substrates 100 and 200. A ball spacer or a column
spacer may be used as the spacer.

[0065] The alignment layers 300a and 3005 are formed of a
mixture of a rubbing alignment material and a UV alignment
material.

[0066] Preferably, the mixture ratio of the rubbing align-
ment material and the UV alignment material is in the range
of'about 1:100 to 100:1. Other preferred ranges may include
1:50 to 50:1 and 1:20 to 20:1. If the content of the rubbing
alignment material becomes too large, light leakage may
increase due to rubbing defects. If the content of the UV
alignment material becomes too large, afterimage may
increase due to low anchoring energy. Therefore, the mixture
ratio of the rubbing alignment material and the UV alignment
material can be selected appropriately considering the size of
the LCD device.

[0067] A material that generates a photo-isomerization
reaction or a photo-dimerization reaction by UV rays is pref-
erably used as the UV alignment material.

[0068] Such a material is preferably a polymer obtained by
combining a photo-reaction group with a polymer main
chain, The photo-reaction group may be at least one of cin-
namoyl based material, a chalcone based material, a couma-
rine based material, a maleimide based material, or an azo
based material. Copolymers using these materials may also
be used.

[0069] The polymer main chain is preferably at least one of
a polyimide, polyamic acid, polynorbornene, phenylmaleim-
ide, polyvinylalcohol, polyamideimide, polyethyleneimine,
polyamide, polyethylene, polystyrene, polyphenyleneph-
thalamide, polyester, polyurethane, polymethylmethacrylate,
an azo side-chain type imide, a stilbene main-chain type
imide, coumarine derivatives, and chalcone derivatives.
Copolymers using these materials may also be used.

[0070] More preferably, the UV alignment material is a
compound expressed by the following chemical formulas 1 to
4.

Chemical formula |
O, O
n
I}
(¢] 6]
o}

\
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-continued
Chemical formula 2

O
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i

Chemical formula 3

O 0,

g

Chemical formula 4

0
7
~

0
0

[0071] Inthe chemical formulas 1 to 4, n and m are integers
of 1 or more.
[0072] Preferably, the UV alignment material has Amax in

the range of about 270 nm to 350 nm so as not to generate any
decomposition reactions due to the UV rays. Also, the UV
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alignment material preferably has hardness not less than 2H,
corresponding to hardness of a pencil, so as to withstand the
rubbing process.

[0073] Therubbingalignment material is preferably at least
one of polyimide, polyamic acid, polyamide, polynor-
bornene, polyamideimide, polyvinyl, polyolefine, polysty-
rene, polyacrylate, poly(vinylchloride), polyether, polyester,
polythioether, polysulfone, polyethersulfone, polyethere-
therketone, polyurea, polyurethane, polybenzimidazole,
polyacetal, and poly(vinylacetate). Copolymers using these
materials may also be used.

[0074] More preferably, the rubbing alignment material is
at least one of a polyimide compound or a polyamic acid
compound expressed by the following chemical formulas 5 to
7.

Chemical formula 5

M@OF
(Y |

where R is selected from

, o ,
C
X, is selected from 0, CH,,
T
—0 C o—
L
: CF3 :
< > Oz < >
O o _C_N_ )
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-continued
CF3

3FC—C—CF;,

CF3

and m is an integer 1 or more.

Chemical formula 6

oH
H
9 N X1
NH—CH
0
\ "
og ©

where X is selected from O, CH,,
: CH3 :
CF3
: CF3 :
< > O, < :
—0 S o—

3FC—C—CF;,

CF3

and m is an integer of 1 or more.

Chemical formula 7
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where X is selected from O, CH,,

CH;

antanUas

CF3

—o— M O
@"ZO
4©— — —C—N— or

3FC—C—CF3,

CF;

and m is an integer of 1 or more.

[0075] The alignment layer is preferably formed in such a
manner that the UV alignment material is located over the
rubbing alignment material. In this case, since the UV align-
ment material contacts the air, the UV alignment material
preferably has a polarity lower than the rubbing alignment
material.

[0076] Also, in order to mix the rubbing alignment material
with the UV alignment material well, it is preferable that
surface tension of each material is low. Preferably, the surface
tension of each material is in the range of about 30 to 60
dyne/cm considering contact with the substrate. If the UV
alignment material is located over the rubbing alignment
material, the surface tension of the rubbing alignment mate-
rial may be preferably equal to or greater than that of the UV
alignment material.

[0077] FIGS. 8A to 8E are process views illustrating a
method of fabricating an LCD device according to a preferred
embodiment of the invention.

[0078] First,as showninFIG. 8A, alower substrate 100 and
an upper substrate 200 are prepared. The detailed construc-
tion of the lower substrate 100 and the upper substrate 200
and the method for forming them can be varied by various
methods.

[0079] Afterwards, as shown in FIG. 8B, alignment layers
300a and 3005 are coated over the lower substrate 100 and the
upper substrate 200. Although the alignment layers 300a and
30056 are formed over both substrates 100 and 200 in the
drawing, they are not limited to this case.

[0080] Since the alignment layers 300a and 3005 are
formed of the same material as discussed above, a detailed
description of the material will be omitted here.

[0081] The coating of the alignment layers 300 and 3005 is
accomplished by printing the alignment layers over the sub-
strates 100 and 200, followed by curing the printed alignment
layers.

[0082] The step of printing the alignment layers is prefer-
ably performed by spin coating or roll coating after dissolving
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the alignment component in an organic solvent. Other types
of coating methods, such as gravure coating, may also be
used.

[0083] The step of curing the printed alignment layers is
preferably performed by twice curing at a temperature range
between about 60° C. and 80° C. and between about 80° C.
and 230° C

[0084] Afterwards, as shown in FIG. 8C, a rubbing process
is performed on the substrates 100 and 200 coated with the
alignment layers 300a and 30056. Rubbing a rubbing roll 500,
attached with a rubbing cloth 520, in the desired alignment
direction, performs the rubbing process.

[0085] Then, as shown in FIG. 8D, polarized UV rays are
irradiated to the substrates 100 and 200 where the rubbing
process has been completed, using a UV irradiation device
600.

[0086] The UV irradiation process may be performed after
the rubbing process. However, it should be noted that the
invention is not limited to this sequence. Thus, the rubbing
process may be performed after the UV irradiation process, or
the rubbing process and the UV irradiation process may be
performed simultaneously.

[0087] The rubbing process and the UV irradiation process
are performed such that the alignment direction of the align-
ment layers according to the rubbing process becomes iden-
tical with the alignment direction of the alignment layers
according to the UV irradiation process.

[0088] The UV rays may be irradiated over the entire sur-
face of the substrates 100 and 200, or only on the step regions
where steps are formed on the substrates 100 and 200.
[0089] If the display is a TN mode LCD device, the step
may be formed at a region for the gate line, the data line, and
the thin film transistor on the lower substrate 100. If the
display is an IPS mode LCD device, the step may be formed
at a region for the gate line, the data line and the thin film
transistor and a region for the pixel electrode and the common
electrode over the lower substrate 100. Therefore, the UV
rays may be irradiated to the step region while shielding
regions other than the step region with a mask.

[0090] Preferably, the irradiation wavelength of the polar-
ized UV rays is in the range of about 270 nm to 400 nm, and
the irradiation energy thereof'is in the range of about 50 mJ to
5000 mJ.

[0091] As forthe polarized UV rays, partially polarized UV
rays or linearly polarized UV rays may be used.

[0092] Additionally, the polarized UV rays may be irradi-
ated obliquely or vertically to the substrate. In the case of
oblique irradiation, the irradiation angle is preferably about
60° or less. Irradiation of the polarized UV rays may be
performed by a scan type light exposure method or by an
entire light exposure method.

[0093] Afterwards, as shown in FIG. 8E, the substrates 100
and 200 are bonded to each other.

[0094] The step of bonding the substrates 100 and 200 to
each other may be performed by a vacuum injection method
or a liquid crystal dropping method.

[0095] The vacuum injection method injects the liquid
crystal using the pressure difference under the vacuum state
after bonding the substrates 100 and 200 to each other. The
liquid crystal dropping method is to bond the substrates to
each other after dropping the liquid crystal onto any one of the
substrates. As the size of the substrate increases, the liquid
crystal dropping method is preferred since the vacuum injec-
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tion method requires an increased liquid injection time,
resulting in reduced productivity.

[0096] The LCD device fabricated in accordance with the
invention has the following advantages.

[0097] First, since the rubbing process and the UV irradia-
tion process are performed using the mixture material of the
rubbing alignment material and the UV alignment material,
high anchoring energy is obtained through the rubbing pro-
cess, thereby failing to generate afterimage. In addition, since
the UV irradiation process is performed, the LCD device does
not suffer from the problem of light leakage generated when
the arrangement of the rubbing cloth is disordered or when the
rubbing cloth fails to contact the substrate in the rubbing
alignment method.

[0098] Moreover, since the polymeric material that gener-
ates the photo-isomerization reaction or the photo-dimeriza-
tion reaction is used as the UV alignment material, the UV
irradiation process does not generate photo-decomposition
products. Therefore, problems relating to afterimages caused
by foreign matter and the necessary additional cleaning do
not occur.

[0099] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the invention covers the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A method of fabricating an LCD device, comprising:

preparing first and second substrates;

coating an alignment layer over at least one of the sub-

strates;

performing a rubbing process on the substrate coated with

the alignment layer; and

irradiating polarized UV rays onto the substrate coated

with the alignment layer,

wherein the alignment layer is formed of a mixture of a

rubbing alignment material and a UV alignment mate-
rial.

2. The method as claimed in claim 1, wherein an alignment
direction of the alignment layer formed by the rubbing pro-
cess becomes identical with an alignment direction of the
alignment layer formed by irradiating the UV rays.

3. The method as claimed in claim 1, wherein irradiating
the UV rays is performed over the entire surface of the sub-
strate.

4. The method as claimed in claim 1, wherein irradiating
the UV rays is performed only in a region where step is
formed on the substrate.
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5. The method as claimed in claim 1, wherein the rubbing
process is performed before the step of irradiating the UV
rays.

6. The method as claimed in claim 1, wherein irradiating
the UV rays is performed before the rubbing process.

7. The method as claimed in claim 1, wherein the rubbing
process and irradiating the UV rays are performed simulta-
neously.

8. The method as claimed in claim 1, wherein irradiating
the UV rays is performed by irradiating partially polarized
UV rays or linearly polarized UV rays.

9. The method as claimed in claim 1, wherein the polarized
UV rays have an irradiation wavelength in a range of about
270 nm to 400 nm.

10. The method as claimed in claim 1, wherein the polar-
ized UV rays have an irradiation energy in a range of about 50
mJ to 5000 mJ.

11. The method as claimed in claim 1, wherein the UV rays
are irradiated vertically or obliquely at the substrate.

12. The method as claimed in claim 1, further comprising
bonding both substrates to each other.

13. The method as claimed in claim 12, wherein the bond-
ing of both substrates to each other includes dropping a liquid
crystal onto any one of both substrates.

14. The method as claimed in claim 1, wherein a mixture
ratio of the rubbing alignment material and the UV alignment
material is in a range of 1:100 to 100:1.

15. The method as claimed in claim 1, wherein the UV
alignment material is a material that generates a photo-
isomerization reaction or a photo-dimerization reaction by a
UV irradiation process.

16. The method as claimed in claim 1, wherein the UV
alignment material has Amax in a range of about 270 nm to
350 nm so as not to generate a decomposition reaction due to
the UV rays.

17. The method as claimed in claim 1, wherein the UV
alignment material has hardness not less than 2H correspond-
ing to pencil hardness.

18. The method as claimed in claim 1, wherein the align-
ment layer is formed such that the UV alignment material is
located over the rubbing alignment material.

19. The method as claimed in claim 18, wherein the UV
alignment material has a polarity lower than a polarity of the
rubbing alignment material.

20. The method as claimed in claim 1, wherein the rubbing
alignment material and the UV alignment material respec-
tively have surface tensions in the range of about 30 to 60
dyne/cm.

21. The method as claimed in claim 20, wherein the surface
tension of the rubbing alignment material is equal to or
greater than the surface tension of the UV alignment material.

* * #* Ed *
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] This application is a Divisional of co-pending appli-
cation Ser. No. 11/451,445, filed on Jun. 13, 2006 for which
priority is claimed under 35 U.S.C. §120 and which applica-
tion claims the benefitunder 35 U.S.C. §119 of Korean Appli-
cation No. 10-2005-0051035, filed on Jun. 14, 2005, the
entire contents of each of which are hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] A liquid crystal display (LCD) device has at least
one substrate with a coated alignment layer, and more par-
ticularly, to an alignment layer for initial alignment ofa liquid
crystal in an LCD device.

[0004] 2. Discussion of the Related Art

[0005] Ultra thin flat panel display devices have a display
screen with a thickness of several centimeters. Among these,
LCD devices have been widely used for notebook computers,
monitors, spaceships, aircrafts, etc. owing to their advanta-
geous features of low driving voltage, low power consump-
tion, portability, and the like.

[0006] Generally, an LCD device includes a color filter
substrate having color filter layers formed thereon, a thin film
transistor substrate facing the color filter substrate and having
thin film transistors formed thereon, and a liquid crystal layer
formed between these substrates.

[0007] In such an LCD device, alignment of the liquid
crystal layer is varied by applying a voltage to control trans-
mittance of light, thereby allowing an image to be repro-
duced. Electrodes are thus formed on the thin film transistor
substrate and/or the color filter substrate for application of the
voltage such that a pixel electrode is located on the thin film
transistor substrate, and a common electrode is located on the
color filter substrate so as to generate a vertical electric field
between the two substrates (for example, twisted nematic
(TN) mode). Alternately, the pixel electrode and the common
electrode are located parallel to each other on the thin film
transistor substrate so as to generate a horizontal electric field
(for example, in-plane switching (IPS) mode).

[0008] FIG. 1 shows an exploded perspective view illus-
trating a related art TN mode LCD device.

[0009] As shown in FIG. 1, a thin film transistor substrate
10 includes a gate line 12, a data line 14 crossing the gate line
12, a thin film transistor T formed on a crossing region of the
gate line 12 and the data line 14, and a pixel electrode 16
connected to the thin film transistor T. A color filter substrate
20 includes a light-shielding layer (or black matrix) 22, R, G
and B color filter layers 24 formed on the light shielding layer
22, and a common electrode 25 formed on the color filter
substrate 20.

[0010] A vertical electric field is generated between the
pixel electrode 16 on the thin film transistor substrate 10 and
the common electrode 25 on the color filter substrate 20,
thereby allowing alignment of liquid crystals to be controlled.
[0011] Both substrates 10 and 20, constructed as described
above, are bonded to each other to form a single liquid crystal
panel. At this time, a liquid crystal layer is formed between
the substrates 10 and 20.

[0012] Meanwhile, if the liquid crystal layer randomly
aligns between the substrates 10 and 20, it is difficult to
achieve a consistent arrangement of molecules in the liquid
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crystal layer. Thus, although not shown in the drawings, an
alignment layer for the initial alignment of liquid crystals is
formed on the thin film transistor substrate 10 and/or the color
filter substrate 20.

[0013] Examples of a method for forming an alignment
layer for initial alignment of the liquid crystal include a rub-
bing alignment method and a photo-alignment method.

[0014] In the rubbing alignment method, after an organic
polymer such as polyimide is thinly coated on a substrate, a
rubbing roll wound with a rubbing cloth is rotated to rub the
organic polymer, thereby arranging the organic polymer in a
constant direction.

[0015] However, the rubbing alignment method has the
following drawbacks.

[0016] First, when the arrangement of the rubbing cloth
becomes disordered, problematic light leakage may occur.
FIG. 2 shows a schematic perspective view illustrating a
disordered arrangement of the rubbing cloth.

[0017] As described above, since the structure such as the
thin film transistor, the color filter layer and the electrode
layers are formed on the substrate, some portion 324 of the
rubbing cloth 32 wound around the rubbing roll 30 can
become disordered when the rubbing roll 30 rotates on the
structure formed on the substrate 10 or 20 as shown in FIG. 2.
When the arrangement of the rubbing cloth becomes disor-
dered, the chains of the organic polymer in a region rubbed by
the disordered rubbing cloth cannot be aligned, resulting in
light leakage in that region due to non-uniform alignment of
the liquid crystals.

[0018] Second, when the rubbing cloth fails to contact the
substrate, the problem-causing light leakage may occur. FIG.
3 shows a schematic perspective view illustrating an align-
ment state of the liquid crystals when the rubbing cloth fails to
contact the substrate.

[0019] As described above, the electrode layers such as the
pixel electrode and common electrode are formed on the
substrate. Thus, as shown in FIG. 3, a region A where the
rubbing cloth 32 fails to contact the substrate due to a step on
the substrate 10 is formed. In this case, the alignment of the
liquid crystals is not uniform in the region A, thereby causing
the problem of light leakage.

[0020] Inparticular, in the TN mode LCD device, since the
pixel electrode and the common electrode are formed in pixel
regions on different substrates, respectively, there may not be
very many regions having the steps formed thereon. However,
in the in-plane switching (IPS) mode LCD device, since the
pixel electrode and the common electrode are repeatedly
formed in parallel in pixel regions on the substrate, there are
many regions having the step formed thereon, whereby the
problem of light leakage becomes serious.

[0021] The aforementioned problems in the rubbing align-
ment method are caused by the mechanism for providing
physical contact between the rubbing roll and the substrate.

[0022] Recently, in order to solve these problems of the
rubbing alignment method, various studies have been con-
ducted for providing a method for manufacturing an align-
ment layer that does not require physical contact. In particu-
lar, instead of using the rubbing alignment method, use of a
photo-alignment method has been suggested. In the photo-
alignment method, an alignment layer is produced by irradi-
ating polarized ultraviolet (UV) rays onto a polymeric film. In
order to align the liquid crystals, the alignment layer must



THMBW(EF)

[R50 i (% RIAR) A (i)
o (S RIA) A (i2)

S 3T H (B FIR) A (F)
HRIK A A

KA

IPCHE&

CPCH¥%k=

5648

AT
ShapeE i

BEG®F)

LCOREBEREE-—NE-ER , EEL M ERLERNEERE , AR
HERZBFERNERE. B6E/EBEREREMUVEE R ERE W
o FIELCDBRHMNAEZBEHZE-—NE_EREED—PERLR
BEE R EREEEE N ER EHTERLE FHRiIRH KN LRI E R
ERARNERLE , @R BERREMUVEREHREES W
REE , MBS ERE. ME , RARREINE

o

. BEIRERESHE
B TRHRR T IRERY B

REETEREREHES

US20130146213A1 NI (»&E)B
US13/762219 RiEHR
REETRERAF

LG DISPLAY CO., LTD. ,

LG DISPLAY CO. , LTD.

PARK SU HYUN

PARK, SU HYUN

GO02F1/1337

patsnap

2013-06-13

2013-02-07

GO02F1/133784 G02F1/133788 Y10T428/1023 Y10T428/1018 Y10T428/10 Y10T428/1005

1020050051035 2005-06-14 KR

US8654289

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/218f4a5d-2ee9-43af-a3a9-d94e76718eba
https://worldwide.espacenet.com/patent/search/family/037519271/publication/US2013146213A1?q=US2013146213A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130146213%22.PGNR.&OS=DN/20130146213&RS=DN/20130146213

