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(57) ABSTRACT

A method for fabricating an LCD device includes forming an
alignment layer and an overcoat layer substantially simulta-
neously. The method includes, coating a mixture of an align-
ment layer material and an overcoat layer material on a sub-
strate and at least partially separating the overcoat layer
material and the alignment layer material by the curing the
mixture.

4 Claims, 5 Drawing Sheets

73b  73a
2 X r) X X T
:(A' X rox 14 PONe X 73
71\'-‘ X 0.0 4 ).0.00 ¢ LY LYY ~v72




US 7,782,414 B2

Sheet 1 of 5§

FIG. 1
Related Art

Aug. 24,2010

U.S. Patent

od
<
© Ay
i LA
A N T T T TS
w\\
\\\ T T T T T T T T T T 7T T T 777 \\\\\-J!;..L\ =
RN Z N e
RN S S S S S S S S S S SRS
N \
G 0
U s N ,
X R R LERK N o
\ /f N —
N = N !
7\ 10
/] S S SSSTRSIRRRRNIRRNSSN N o
N a2
35\ SN L
h U S
\\ T T T AT T T T 7777777 >3
_ |7 ey
V4 —
V4 - - o - _ w
, v J
‘ S SR



U.S. Patent Aug. 24, 2010 Sheet 2 of 5 US 7,782,414 B2

FIG. 2
Related Art

+— 10b

42—

4 44
T~ 52

T T T T T T T T T T T T T T T T T 77
™~ 60D




U.S. Patent

Aug. 24,2010 Sheet 3 of 5 US 7,782,414 B2
FIG. 3A
Related Art
42 44
[
—+—10b
FIG. 3B
Related Art
42 44
) )
( +4— 52
~+—10b
FIG. 3C
Related Art
//}////////7'/////‘// 5o

— 10b

\




U.S. Patent

Aug. 24,2010 Sheet 4 of 5 US 7,782,414 B2
FIG. 4A
73a 73b
‘)J J |z )| 3 RES O 0] ) B ] [ )
730 ‘% 0 XexeSsleeons S0
71v Q ya ® X (@) Q{0 ﬂ...,'?z
—~+—"70
FIG. 4B
73b  73a
71\_—‘ ) 4 S XX XK A >80 ¢ L XXX 2 X ’vn?z




U.S. Patent Aug. 24, 2010 Sheet 5 of 5 US 7,782,414 B2

FIG. 4C

73b
I TTI] T I OT ]
73a—S55 R Bty 73
(. p XXX A X X XX XXX XX X AKX
e o'e LR 0S¢0 000000004 1Y
71— 72

+-70

FIG. 5

Mix overcoat layer material with } _4q
alignment layer material

Coat the mixture on substrate 1+—2S

Heat treatment to the mixture
and separation of the two layer
matericals

)

|
(W]
(@]

Alignment process to alignment
layer 145




US 7,782,414 B2

1
METHOD FOR FABRICATING IN-PLANE
SWITCHING MODE LIQUID CRYSTAL
DISPLAY DEVICE

This is a divisional application of application Ser. No.
11/002,279 filed Dec. 3, 2004 now U.S. Pat. No. 7,327,425,
which claims the benefit of Korean Application No. 10-2003-
00954609 filed Dec. 23, 2003, which are hereby incorporated
by reference for all purposes as if fully set forth herein

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to liquid crystal display
(LCD) devices. More particularly, the present invention
relates to a method for fabricating an In-Plane Switching
(IPS) mode LCD device. More particularly still, the present
invention relates to a method for fabricating an IPS mode
LCD device wherein an alignment layer and an overcoat layer
are formed substantially simultaneously.

2. Discussion of the Related Art

As information technology continues to evolve, the
demand for, and development of, various types of flat panel
display devices (e.g., liquid crystal display (LCD), plasma
display panel (PDP), electroluminescent display (ELD), and
vacuum fluorescent display (VFD)) increases. Among the
various types of flat panel display devices, LCD devices are
advantageously lightweight, dimensionally compact, con-
sume relatively low amounts of power during operation, dis-
play images at high resolution and high luminance, and can
display images on a large-sized screen. Accordingly, LCD
devices are widely used, for example, as substitutes for Cath-
ode Ray Tubes (CRTs) and find numerous applications in
mobile devices as such notebook computers, portable tele-
phones, and the like, as well as in other application such as
televisions and computer monitors.

A typical LCD device includes an LCD panel for display-
ing images and a driver for supplying driving signals to the
LCD panel. The LCD panel generally includes first and sec-
ond substrates bonded to, but spaced apart from, each to form
a cell gap therebetween. The first and second substrates are
bonded together by a sealant material and a substantially
uniform cell gap is maintained between the bonded substrates
by the presence of spacers. A liquid crystal layer is formed
within the cell gap between the first and second substrates by
injecting liquid crystal material through an injection hole
formed in the sealant material and into the cell gap.

Generally, the first substrate (i.e., the TFT array substrate)
supports a plurality of gate lines spaced apart from each other
at a fixed interval and extending along a first direction, a
plurality of data lines spaced apart from each other at a fixed
interval and extending along a second direction perpendicular
to the first direction so as to cross the plurality of gate lines, a
plurality of pixel regions arranged in a matrix pattern defined
by crossings of the gate and data lines, a plurality of pixel
electrodes arranged within the plurality of pixel regions, and
a plurality of thin film transistors connected to the gate lines,
the data lines, and the pixel electrodes for switching signals
from the data lines to corresponding pixel electrodes in
response to signals transmitted from the gate lines. An align-
ment layer is formed over the first substrate and is rubbed to
align the liquid crystal layer in a predetermined manner.

Generally, the second substrate (color filter array substrate)
supports a black matrix layer that prevents light from being
transmitted in regions corresponding to areas outside the
pixel regions of the first substrate, an R/G/B color filter layer
for selectively transmitting predetermined wavelengths of
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light, and a common electrode for producing images. An
alignment layer is also formed over the second substrate and
is rubbed to align the liquid crystal layer in a predetermined
manner.

Upon applying predetermined voltages to the pixel and
common electrodes of the LCD panel described above, an
electric field, vertically oriented with respect to the first and
second substrates, is generated to alter an arrangement of
liquid crystal molecules within the liquid crystal layer. Upon
altering the arrangement of liquid crystal molecules, light
transmittance characteristics of the LCD panel are selectively
altered and an image can thus be expressed. The LCD panel
described above has a high aperture ratio but undesirably
displays images over a narrow range of viewing angles. To
solve this problem, In-Plane Switching (IPS) mode LCD
devices have been developed, in which common and pixel
electrodes are both formed on the first substrate. Accordingly,
IPS mode LCD devices generate electric fields oriented par-
allel to the substrates.

FIG.1 illustrates a plan view of one pixel of a first substrate
in a related art IPS mode LCD device. FIG. 2 illustrates a
cross-sectional view of a first substrate and an opposing sec-
ond substrate taken along line I-I' of FIG. 1.

Referring to FIGS. 1and 2, a plurality of gate and data lines
12 and 24, respectively, are formed on a first substrate 10a so
as to cross each other and define a plurality of pixel regions P.
A common electrode line 16 is formed adjacent to, and par-
allel with, the gate lines 12. A thin film transistor T, including
a gate electrode 14, an active layer 20, a source electrode 26,
and a drain electrode 28, is formed at a crossing of the gate
and data lines 12 and 24, wherein the source electrode 26
extends from the data line 24, and the gate electrode 14
projects from the gate line 12. A pixel electrode 30 is formed
within the pixel region P so as to be parallel with the data line
24 and electrically connected to the drain electrode 28. The
pixel electrode 30 includes a plurality of first pixel electrode
parts and one second pixel electrode part each arranged over
the common electrode line 16. The first pixel electrode parts
are spaced apart from each other at a fixed interval and extend
along a first direction over the first substrate while the second
pixel electrode part electrically connects the first pixel elec-
trode parts to each other. Further, a common electrode 17 is
formed between, and parallel to, each of the first pixel elec-
trode parts so as to be electrically connected to the common
electrode line 16. The common electrode 17 includes a plu-
rality of first common electrode parts arranged between the
first pixel electrode parts and extending away from the com-
mon electrode line 16 in addition to one second common
electrode part electrically connecting the first common elec-
trode parts to each other. Outermost ones of'the first common
electrode parts within the pixel region P are spaced apart from
the data line 24 by a predetermined distance. Additionally,
insulating layers 21 are formed between the data and common
electrode lines 24 and 16, respectively, and between the com-
mon electrode line 16 and the common electrode 17. Lastly, a
first alignment layer 60a is formed over the entire surface of
the first substrate 10a, including over the pixel electrode 30.

As shown in FIG. 2, the second substrate 105 opposes the
first substrate 10a and supports includes a black matrix layer
42, an R/G/B color filter layer 44, an overcoat layer 52, and a
second alignment layer 605. The black matrix layer 42 pre-
vents light from being transmitted in regions corresponding to
areas outside the pixel regions of the first substrate 10a and
the R/G/B color filter layer 44 dimensionally conforms to the
pixel region P and selectively transmits predetermined wave-
lengths of light. The overcoat layer 52 is formed on the color
filter layer 44 to planarize the topography of the color filter
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layer 44 and to prevent pigments within the color filter layer
44 from diffusing into the liquid crystal layer 50, formed
between the first and second substrates 10a and 105. Lastly,
the second alignment layer 605 is formed over the entire
surface of the second substrate 105, including over the over-
coat layer 52.

The first and second alignment layers 60a and 6056 dis-
cussed above align liquid crystal molecules within the liquid
crystal layer 50 along predetermined directions and are typi-
cally formed of a polymer material such as polyamide, poly-
imide compound, PVA (Polyvinyl Alcohol), polyamic acid,
or a photosensitive material such as PVCH (PolyvinylCin-
namate), PSCN (PolysiloxaneCinnamate) or CelCN (Cellu-
loseCinnmate)-based compound. The overcoat layer 52 dis-
cussed above is typically formed from any one of a
photosensitive resin or an acrylic resin.

Upon driving LCD devices having a common electrode
formed over the entire surface ofthe second substrate, includ-
ing over the black matrix and color filter layers, an electric
field is generated that is vertically oriented with respect to the
surface of the first and second substrates. Accordingly, the
common electrode is functionally equivalent to the overcoat
layer 52 illustrated in FIG. 2. However, upon driving IPS
mode LCD devices, an electric field is generated that is par-
allel to the surface of the first and second substrates. Because
the common electrode 17 is formed on the first substrate 10,
it is necessary to form the overcoat layer 52 on the second
substrate 105.

A related art method for fabricating the second substrate
105 shown in FIG. 2 will now be described in greater detail
with respect to FIGS. 3A to 3C.

Referring to FIG. 3A, a light-shielding layer is deposited
on the second substrate 105 and selectively removed in
regions corresponding to the pixel regions P (i.e., patterned)
to form the black matrix layer 42. Next, photosensitive layers
(not shown) are repeatedly deposited over the entire surface
of the second substrate 105, including over the black matrix
layer 42, and patterned to remain within predetermined por-
tions of the pixel regions P to form the R/G/B color filter layer
44. After the color filter and black matrix layers 44 and 42 are
formed, a cleaning process is performed to remove foreign
materials from the second substrate 105.

Referring to FIG. 3B, a photosensitive resin or acrylic resin
is coated (i.e., spin coated) over the entire surface of the
second substrate 105, including over the color filter and black
matrix layers 44 and 42. The coated resin is then cured to form
the overcoat layer 52.

Referring to FIG. 3C, after forming the overcoat layer 52,
a polymer material such as polyamide, polyimide compound,
PVA (Polyvinyl Alcohol), polyamic acid, or a photosensitive
material such as PVCH (PolyvinylCinnamate), PSCN (Pol-
ysiloxaneCinnamate) or CelCN (CelluloseCinnmate)-based
compound is coated (i.e., spin coated) over the entire surface
of the second substrate 105, including over the overcoat layer
52, cured, and rubbed or irradiated with light to form the
second alignment layer 605.

Fabricating the related art IPS mode LCD device as
described above, however, is disadvantageous because the
overcoat layer and the second alignment layer must be formed
using separate coating (i.e., spin-coating) processes. The
necessity for separate process steps undesirably increases the
fabrication time and cost. Further, the minimum thickness of
each of the overcoat and second alignment layers is deter-
mined by the characteristics of the coating processes (i.e.,
spin-coating processes) by which they are formed. Therefore,
the combined thickness of the overcoat and second alignment
layers can become undesirably thick and disadvantageously
reduce the light transmittance characteristics of the IPS mode
LCD device.
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SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a method
for fabricating an IPS mode LCD device that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

An advantage of the present invention provides a method
for fabricating an IPS mode LCD device wherein a second
alignment layer and an overcoat layer are formed substan-
tially simultaneously, beneficially decreasing the fabrication
time and cost.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. These and other advantages of the invention
will be realized and attained by the structure particularly
pointed out in the written description and claims hereof as
well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a method for fabricating a LCD device
may, for example, include coating a mixture over a substrate,
wherein the mixture contains an alignment layer material,
suitable for forming an alignment layer, and an overcoat layer
material, suitable for forming an overcoat layer, on a sub-
strate; and curing the mixture wherein, upon curing, the over-
coat layer material and the alignment layer material at least
partially separate from within the mixture to substantially
simultaneously form an overcoat layer and an alignment
layer.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG.1 illustrates a plan view of one pixel of a first substrate
in a related art IPS mode LCD device;

FIG. 2 illustrates a cross-sectional view of a first substrate
and an opposing second substrate taken along line I-I' of FIG.

FIGS. 3A to 3Cillustrate a related art process of fabricating
an IPS mode LCD device;

FIGS. 4A to 4C illustrate a process of fabricating an IPS
mode LCD device according to principles of the present
invention; and

FIG. 5 illustrates a flow chart of the process of fabricating
an IPS mode LCD device according to principles of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

FIGS. 4A to 4C illustrate a process of fabricating an IPS
mode LCD device according to principles of the present
invention. FIG. 5 illustrates a flow chart of the process of
fabricating an IPS mode LCD device according to principles
of the present invention.
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Referring to FIG. 4A, a substrate 70 having a color filter
layer 72 and a black matrix layer 71 may be prepared and
cleaned to remove foreign materials from the surface thereof.
After the cleaning, a mixture 73 containing a predetermined
ratio of material suitable for forming an overcoat layer (i.e.,
overcoat layer material 73a) to material suitable for forming
an alignment layer (i.e., alignment layer material 735) may be
prepared (see S1 of FIG. 5) and coated (e.g., via a spin coating
method) over to the surface of the substrate 70, including the
color filter layer 72 and the black matrix layer 71 (see S2 of
FIG. 5).

In one aspect of the present invention, the mixture 73 may
be prepared by mixing solvents of the alignment layer mate-
rial 736 and solvents of the overcoat layer material 73a
together. According to principles of the present invention, the
density of the overcoat layer material 73a may be greater than
the density of the alignment layer material 735. In one aspect
of the present invention, the mixture 73 may, for example,
contain more overcoat layer material 73a than alignment
layer material 734. For example, about 1% to about 10% of
the mixture 73 may consist of the alignment layer material
73b. Accordingly, the mixture 73 may produce an overcoat
layer that is thicker than the alignment layer. In one aspect of
the present invention, the mixture 73 may produce an over-
coat layer that is thick enough to substantially planarize the
topography of the color filter layer 72 and prevent pigment
within the color filter layer 72 from diffusing into a subse-
quently provided liquid crystal layer.

In one aspect of the present invention, the alignment layer
material 736 may, for example, include at least one of a
polymer material such as polyamide, polyimide compound,
PVA (Polyvinyl Alcohol) or polyamic acid, or a photosensi-
tive material such as PVCH (PolyvinylCinnamate), PSCN
(PolysiloxaneCinnamate) or CelCN (CelluloseCinnmate)-
based compound, or the like. For example, the alignment
layer material 735 may be formed by adding amide-based
polar solvent of 5%, such as NMP (N-Metal-2-pyrrolidone),
to polyamic acid, wherein the polyamic acid may be obtained
by reacting a compound of acid anhydride and diamine with
a solvent.

In one aspect of the present invention, the overcoat layer
material 73a may, for example, include at least one of a
photosensitive resin, an acrylic resin, or the like. For example,
the overcoat layer material 73a may be formed by adding
NMP material to a photosensitive resin, an acrylic resin, or
the like.

Referring to FIG. 4B, upon initially being coated onto the
substrate 70, the overcoat layer material 73a may begin to
separate from the alignment layer material 735 due to the
difference in density between the overcoat layer material 73a
and the alignment layer material 735. Accordingly, the over-
coat layer material 734, having the higher density, may sink
toward the color filter layer 72 and the black matrix layer 71
while the alignment layer material 735, having the lower
density, may float away from the color filter layer 72, thereby
forming separate layers.

Referring to FIG. 4C, after the mixture 73 is coated, the
mixture 73 may be cured (see S3 in FIG. 5). Curing the
mixture 73 may increase the rate at which the overcoat layer
material 73a separates from the alignment layer material 735.
In one aspect of the present invention, the curing may com-
prise exposing the coated mixture 73 to heat in a heat treat-
ment. In another aspect of the present invention, the curing
may further comprise irradiating the heat treated mixture 73
with light (e.g., ultraviolet light). As a result, an overcoat
layer, formed of the overcoat layer material 73a, and an
alignment layer, formed of the alignment layer material 7356
may beneficially be formed substantially simultaneously.
Moreover, the resultant overcoat and alignment layers may be
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strongly adhered to each other, thereby increasing the reli-
ability of the resultant LCD device.

After the overcoat material 73a and alignment layer mate-
rial 735 have substantially separated from within the mixture
73, the alignment layer, formed of the alignment layer mate-
rial 735, may be treated (e.g., rubbed, irradiated with light,
etc.) to effect a predetermined alignment of liquid crystal
molecules within a subsequently provided liquid crystal
layer. For example, if the alignment layer material 735 of the
alignment layer includes a polyamide, a polyamic compound,
PVA (Polyvinyl Alcohol), polyamic acid, or the like, the
treatment may include a rubbing treatment if, however, the
alignment layer material 735 of the alignment layer includes
a photosensitive material such as PVCH (PolyvinylCin-
namate), PSCN (PolysiloxaneCinnamate), a CelCN(Cellu-
loseCinnmate)-based compound, or the like, the treatment
may, for example, include an ultraviolet irradiation treatment.

As described above, the principles of the present invention
are advantageous in the fabrication of LCD devices (e.g., IPS
mode LCD devices) because the overcoat layer and the align-
ment layer may be substantially simultaneously fabricated
from a single overcoat layer/alignment layer material mix-
ture. Because the two layers are fabricated substantially
simultaneously, the amount of time and cost to fabricate the
LCD device may be reduced. Additionally, the overcoat layer/
alignment layer material mixture may be coated over the
substrate with a spin coating device traditionally used in
forming the related art overcoat layer. Accordingly, the align-
ment layer need not be formed using a separate coating device
traditionally used for coating the related art alignment layer,
thereby further decreasing the fabrication cost.

By separating overcoat and alignment layer materials from
a commonly coated mixture, as opposed to separately form-
ing the overcoat and alignment layers, an overcoat/alignment
layer structure having increased adhesive characteristics may
be obtained, thereby increasing the reliability of the resultant
device.

Moreover, the mixture 73 is coated onto the substrate 70 in
a single coating (e.g., spin coating) step. Therefore, once
suitably formed according to the principles of the present
invention, the individual thicknesses of the overcoat and
alignment layers of the present invention may be less than the
individual thicknesses of the overcoat and alignment layers
formed according to the related art method as described above
and may provide an IPS mode L.CD device having increased
light transmittance characteristics compared to that of the IPS
mode LCD device of the related art.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover 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 liquid crystal display (LCD) device, comprising:

a substrate;

a color filter layer over the substrate;

an overcoat layer over the color filter; and

an alignment layer over the overcoat layer,

wherein materials of the overcoat and alignment layers are
separately formed from a single mixture of materials by
the density difference between the overcoat layer mate-
rial and the alignment layer material, and

wherein the density of the alignment layer material is less
than the density of the overcoat layer material.
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2. The LCD device of claim 1, 3. The LCD device of claim 2, wherein the single mixture
wherein the alignment layer material includes one of contains more of the overcoat layer material than the align-
polyamide, polyimide-based compound, PVA, ment layer material.
polyamic acid, PVCH, PSCN, and a CelCN-based com- 4. The LCD device of claim 2, wherein the single mixture
pound; and 5 contains between about 1% and about 10% of the alignment
the overcoat layer material a second component, the sec- layer material.

ond component includes one of a photosensitive resin
and a acrylic resin.
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