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LIQUID CRYSTAL DISPLAY DEVICE
HAVING PATTERNED SPACERS AND
METHOD OF FABRICATING THE SAME

The present patent application is a divisional patent appli-
cation of patent application Ser. No. 10/999,004, filed on Nov.
30, 2004, which claims the benefit of Korean Patent Applica-
tion No. 2004-0030590, filed in Korea on Apr. 30, 2004,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly to a liquid crystal device having
patterned spacers and a method of fabricating the same.

2. Discussion of the Related Art

In general, a liquid crystal display (LCD) device makes use
of optical anisotropy and polarization properties of liquid
crystal molecules. The liquid crystal molecules have a defi-
nite orientational alignment that results from their long thin
shape. The orientation of the liquid crystal molecules can be
controlled by applying an electric field to the liquid crystal
molecules. The orientation of the liquid crystal molecules
changes inaccordance with an intensity of the applied electric
field. Incident light through a liquid crystal material is
refracted due to an orientation of the liquid crystal molecules.
Thus, an intensity of the incident light can be controlled and
images can be displayed.

Among the various types of LCD devices commonly used,
active matrix LCD (AM-LCD) devices have been developed
because of their high resolution and superior display of mov-
ing images. In an active matrix LCD (AM-LCD) device, thin
film transistors (TFTs) and pixel electrodes connected to the
TFTs are disposed in a matrix configuration.

The LCD device includes upper and lower substrates, and
a liquid crystal layer interposed therebetween. The upper
substrate and lower substrate are commonly referred to as a
color filter substrate and an array substrate, respectively. A
common electrode and color filter layers are formed on the
upper substrate. TFTs and pixel electrodes are formed on the
lower substrate.

After forming the common electrode, the color filter layers,
the TFTs and the pixel electrodes, the LCD device undergoes
a liquid crystal cell process where a liquid crystal layer is
formed between the upper and lower substrates. The liquid
crystal cell process may be divided into a process of forming
an alignment layer to align the liquid crystal molecules, a
process of forming a cell gap, a process of attaching the color
filter and array substrates together, a process of cutting the
attached color filter and array substrates into cells, and a
process of injecting the liquid crystal molecules. Accord-
ingly, a liquid crystal display panel is fabricated using the
liquid crystal cell process.

FIG.1is a schematic cross sectional view ofaliquid crystal
display device according to the related art. Referring to FIG.
1, a liquid crystal device includes upper and lower substrates
41 and 21 spaced apart from each other, and a liquid crystal
layer 50 interposed therebetween. A gate line (not shown) and
a data line (not shown) crossing the gate line are formed along
an inner surface of the lower substrate 21, wherein a pixel
region “P” is defined by crossings of the gate and data lines.
A thin film transistor “Tr” is formed at the crossing portion of
the gate and data lines. A pixel electrode 35 is formed in the
pixel region “P” and is connected to the thin film transistor
“Tr” The lower substrate 21, the gate and data lines, and the
pixel electrode 35 constitute an array substrate 20. A black
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matrix 43 is formed along an inner surface of the upper
substrate 41 in a boundary region of the pixel region “P” in
order to prevent light leakage and to shield the thin film
transistor “Tr” from incident light.

A color filter layer 45 includes red, green and blue filters
45a, 45b and 45¢ on the black matrix 43 in order to filter light
having specific wavelengths. A common electrode 47 is
formed on the color filter layer 45. Although not shown, each
of red, green and blue sub-color filter 45a, 455 and 45¢ are
located in each of the pixel regions “P,” respectively. The
upper substrate 41, the black matrix 43, the color filter layer
45 and the common layer 47 constitute a color filter substrate
40. In addition, the liquid crystal layer 50 is formed between
the pixel electrode 35 and the common electrode 47, wherein
an electric field is applied across the liquid crystal layer 50
through the pixel electrode 35 and the common electrode 47.

Ball spacers 52 are disposed between the pixel electrode 35
and the common electrode 47 to maintain the uniform cell gap
along with a seal pattern (not shown). Although not shown,
upper and lower alignment layers may be formed on the
common electrode 47 and the pixel electrode 35, respectively,
to align the liquid crystal molecules. Specifically, the ball
spacers 52 may be made of an elastic material deformable
under an applied external pressure. For example, the ball
spacers 52 may be made ofa glass fiber or an organic material.
However, since the ball spacers 52 are randomly distributed
between the upper and lower substrates 41 and 21, the quality
of an alignment layer may be lowered due to movement of the
ball spacers 52. In addition, light leakage may occur within
regions adjacent to the ball spacers 52 due to an adsorption
force between the liquid crystal molecules adjacent to the ball
spacers 52. Moreover, a uniform cell gap may not be obtained
in a large sized LCD device. Furthermore, since the ball
spacers 52 are elastic and do not remain at a fixed position, a
severe ripple phenomenon may occur when the LCD device is
touched. Thus, superior display quality can not be obtained in
the LCD device using the ball spacers 52 to maintain a uni-
form cell gap.

On the other hand, a uniform cell gap may be easily
obtained using the patterned spacers since they are formed in
a non-pixel region, thereby preventing light leakage and
improving contrast ratio. In addition, the patterned spacers
may be applied to an LCD device requiring a small cell gap
due to precise control of the cell gap. Furthermore, since the
patterned spacers are fixed, they may be easily applied to
large sized LCD devices and the ripple phenomenon may be
prevented when the LCD device is touched. Since the pat-
terned spacers maybe formed directly on the overcoat layer in
an IPS-mode LCD device, reliability of the patterned spacers
is improved.

FIGS. 2A to 2E are schematic cross sectional views of a
substrate during a process for fabricating a color filter sub-
strate of a liquid crystal display device according to the
related art. Referring to FIG. 2A, a black matrix 63 having
first to third sub-open portions 65a, 656 and 65¢ is formed on
a substrate 60 in which the pixel regions “F” shown in FIG. 1
are defined. Each of the first to third sub-open portions 65a,
656 and 65¢ correspond to each of the pixel regions “P”

Referring to FIG. 2B, a red filter 664 is formed in the first
sub-open portion 65a of the black matrix 63. Although not
shown, the red color filter 66a may be formed through pho-
tolithographic processes using a negative-type color pigment,
wherein a portion of the negative-type color pigment is
exposed through a mask and remains as a pattern after a
subsequent development step. Although not shown, the black
matrix 63 is disposed in a periphery of each sub-color filter
65a, 655 or 65¢ as a single body in plan view.
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Referring to FIG. 2C, green and blue filters 665 and 66¢ are
sequentially formed in the second and third sub-open portions
655 and 65¢ of the black matrix 63, respectively. The green
and blue filters 665 and 66¢ are formed using the same
method adapted for the red filter 66a. The red, green and blue
filters 664, 665 and 66¢ constitute a color filter layer 66.

Referring to FIG. 2D, an overcoat layer 69, such as an
organic material having excellent planarization properties, is
formed on the color filter layer 66. Referring to FIG. 2E, a
plurality of patterned spacers 72 having a pillar shape are
formed on the overcoat layer 69 corresponding to the portion
of the black matrix 63.

The process of forming color filter substrate having these
patterned spacers 72 is completed through total five mask
processes including the step of forming the black matrix 63,
the step of forming the red sub-color filter 66a, the step of
forming the green sub-color filter 665, the step of forming the
blue sub-color filter 66¢, the step of forming the overcoat
layer 69, and the step of forming the patterned spacer 72.

In the mask process for the color filter substrate of the
liquid crystal display device according to the related art, a
mask is very expensive. In addition, since the production cost
is proportional to the number of masks, a large number of
masks increases the production cost for forming the color
filter substrate.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display device having patterned spacers and a method
of fabricating a liquid crystal display device having patterned
spacers that substantially obviate one or more of the problems
due to limitations and disadvantages of the related art.

An object of the present invention is to provide a liquid
crystal display device having low manufacturing costs by
using a small number of mask processes.

Another object of the present invention is to provide a
method of fabricating a liquid crystal display device having
low manufacturing costs by using a small number of mask
processes.

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. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly 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 liquid crystal display device includes
first and second substrates, a black matrix on the second
substrate, the black matrix including a plurality of open por-
tions corresponding to pixel regions and a plurality of holes
disposed adjacent to the plurality of open portions, color filter
layers on the black matrix, and a plurality of patterned spacers
corresponding to the plurality of holes between the first and
the second substrates.

In another aspect, a method of fabricating a liquid crystal
display device having first and second substrates includes
forming a black matrix having a plurality of open portions
corresponding to pixel regions and a plurality of holes dis-
posed adjacent to the plurality of open portions on the second
substrate, forming color filter layers on the black matrix, and
forming a plurality of patterned spacers corresponding to the
plurality ofholes by using the black matrix and the color filter
layers as a mask.
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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 Ruth understanding of the invention on 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.

FIG.1is a schematic cross sectional view of a liquid crystal
display device according to the related art.

FIGS. 2A to 2E are schematic cross sectional views of a
substrate during process for fabricating a color filter substrate
of'aliquid' crystal display device according to the related art.

FIG. 3A is, a plan view of an exemplary process for form-
ing a black matrix layer on a substrate according to an
embodiment of the present invention.

FIG. 3B is a plan view of an exemplary process for expos-
ing and patterning a black matrix layer on a substrate accord-
ing to an embodiment of the present invention.

FIG. 3C is a plan view of an exemplary process for depos-
iting a red photoresist layer on a substrate according to an
embodiment of the present invention.

FIG.3Dis aplan view of an exemplary process for forming
a red filter on a substrate according to an embodiment of the
present invention.

FIG. 3E is a plan view of an exemplary process for forming
green and blue filters on a substrate according to an embodi-
ment of the present invention.

FIG. 4A is a cross-section view taken along a line “IV-IV”
of FIG. 3A.

FIG. 4B is a cross-section view taken along a line “IV-IV”
of FIG. 3B.

FIG. 4C is a cross-section view taken along a line “IV-IV”
of FIG. 3C.

FIG. 4D is a cross-section view taken along a line “IV-IV”
of FIG. 3D.

FIG. 4E is a cross-section view taken along a line “IV-IV”
of FIG. 3E.

FIG. 4F is a cross-section view illustrating a process for
forming an overcoat layer over a substrate according to an
embodiment of the present invention.

FIG. 4G is a cross-section view illustrating a process for
forming a spacer layer over a substrate according to an
embodiment of the present invention.

FIG. 4H is a cross-section view of an exemplary patterned
spacer over a substrate according to an embodiment of the
present invention.

FIG.5A is a cross-section view taken along a line “V-V” of
FIG. 3A.

FIG. 5B is a cross-section view taken along a line “V-V” of
FIG. 3B.

FIG.5C s a cross-section view taken along a line “V-V” of
FIG. 3C.

FIG.5Dis across-section view taken. along a line “V-V” of
FIG. 3D.

FIG. 5E is a cross-section view taken along a line “V-V”* of
FIG. 3E.

FIG. 5F is a cross-section view illustrating a process for
forming an overcoat layer over a substrate according to an
embodiment of the present invention.

FIG. 5G is a cross-section view illustrating a process for
forming a spacer layer over a substrate according to an
embodiment of the present invention.
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FIG. S5H is an alternate cross-section view of the exemplary
patterned spacer shown in FIG. 4H.

FIG. 6A is a plan view of an exemplary mask applied to a
positive type photosensitive material according to an embodi-
ment of the present invention.

FIG. 6B is a plan view of an exemplary mask applied to a
negative type photosensitive material according to an
embodiment of the present invention.

FIG. 7 is a schematic view of an exemplary exposing appa-
ratus having an interference filter according to an embodi-
ment of the present invention.

FIG. 8 is a graph illustrating a spectrum range of irradiated
light by a general exposing apparatus.

FIG. 9 is a cross sectional view of an exemplary interfer-
ence filter used a process of exposing according to an embodi-
ment of the present invention.

FIG. 10 is a graph illustrating an exemplary spectral range
of UV light irradiated through the interference filter depicted
in FIG. 9.

FIG. 11 is a cross sectional view of an exemplary color
filter substrate having a patterned spacer and a common elec-
trode according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to the illustrated
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

FIG.3A isaplan view of an exemplary process for forming
a black matrix layer on a substrate according to an embodi-
ment of the present invention. FIG. 4A is a cross-section view
taken along a line “IV-IV” of FIG. 3A. FIG. 5A is a cross-
section view taken along a line “V-V” of FIG. 3A. Referring
to FIGS. 3A, 4A and 5A, a photosensitive material having a
light blocking property is coated on a substrate 110 to form a
black matrix material layer 112 on the substrate 110. A mask
170 including a shielding portion “SP1” and a transmissive
portion “FP1” is disposed over the substrate 110 having the
black matrix material layer 112. An ultra-violet (UV) light is
irradiated onto the substrate 110 through the mask 170. The
black matrix material layer 112 may be selected from a black
resin or an epoxy material. The mask 170 overlaps a region
surrounded by a dotted line in FIG. 3A.

FIG. 6A is a plan view of an exemplary mask applied to a
positive type photosensitive material according to an embodi-
ment of the present invention. In general, a positive type
photosensitive material has a characteristic such that an
exposed region of the positive type photosensitive material is
removed through developing. The mask 170 exposes the
black matrix material layer 112 (shown in FIG. 3A). The
mask 170 includes a plurality of transmissive portions “TP1”
and a shielding portion “SP1.” The shielding portion “SPY”is
located in a boundary region of the transmissive portions
“TP1” as asingle body as shown in FIG. 6 A. The transmissive
portion “IP1” can transmit the UV light and the shielding
portion “SP1” can shield the UV light.

A plurality of transmissive holes 171 are located in the
shielding portion “SP1.” Specifically, the transmissive holes
171 are located in the shielding portion “SP1” at crossings of
the transmissive portions “TP1.” A design of the transmissive
portions “TP1” and the transmissive holes 171 may be
changed in any manner.

FIG. 6B is a plan view of an exemplary mask applied to a
negative type photosensitive material according to an
embodiment of the present invention. A negative type photo-
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sensitive material has a characteristic such that a portion
except the exposed region of the negative type photosensitive
material is removed through developing. An arrangement of
the transmissive portion “TP2” and the shielding portion
“SP2” of a mask 172 to form a black matrix using negative
type photosensitive material as shown in FIG. 6B is different
from the mask 170 depicted in FIG. 6A. Specifically, the
transmissive and shielding portions “TP2” and “SP2” are
exchanged with the corresponding portions of FIG. 6A.

The shielding portions “SP2” are spaced apart from each
other. A transmissive portion “TP2” is located in a boundary
region of the shielding portions “SP2.” In addition, a plurality
of shielding patterns 173 are located in the transmissive por-
tion “TP2” at crossings of the shielding portions “SP2.” The
shielding portions “SP2” and the shielding patterns 173 may
be changed into variable portions and patterns, respectively.

A method of forming the black matrix layer having a posi-
tive type photosensitive material will be set forth. When using
a negative type photosensitive material, although a property
of the photosensitive materials and an arrangement structure
of the masks are different from each other, the exposing
method principle is similar. Thus, an explanation of the pro-
cess of forming black matrix layer using the negative photo-
sensitive material will be omitted.

Referring back to FIGS. 3A, 4A and 5A, a method for
fabricating a color filter substrate including a black matrix
will be set forth hereinafter. In an embodiment of the present
invention, the mask 170 of FIG. 6A is applied to the exposing
step. The mask 170 is disposed over the substrate 110 and
exposes portions of the black matrix material layer 112
deposited on the substrate 110. As shown in FIG. 6A, the
mask 170 includes the transmissive portions “TP1,” the
shielding portions “SP1” and the transmissive holes 171. The
mask 170 and the substrate 110 are spaced apart from each
other.

The UV light is blocked from being irradiated onto a por-
tion of the black matrix material layer 112 corresponding to
the shielding portion “SP1” of the mask 170. Thus, the LTV
light does not reach the portion of the black matrix material
layer 112 corresponding to the shielding portion “SP1” of the
mask 170. Accordingly, the UV light is only irradiated onto a
portion of the black matrix material layer 112 corresponding
to the transmissive portions “TP1” and the transmissive holes
171 of the mask 170. The irradiated portion of the black
matrix material layer 112 reacts to the LTV light.

FIG. 3B is a plan view of an exemplary process for expos-
ing and patterning a black matrix layer on a substrate accord-
ing to an embodiment of the present invention. FIG. 4B is a
cross-section view taken along a line “IV-IV” of FIG. 3B.
FIG. 5B is a cross-section view taken along a line “V-V” of
FIG. 3B. Referring to FIGS. 3B, 4B and 5B, the black matrix
material layer 112 is exposed using the positive type mask
170 (shown in FIG. 6A). The exposed black matrix material
layer 112 is developed. A portion of the black matrix material
layer 112 corresponding to the transmissive portions “TP1”
of the mask 170 shown in FIGS. 4A and 5A is removed by a
developer during the developing process. The portion of the
black matrix material layer 112 corresponding to the shield-
ing portion “SP1” of the mask 170 is patterned into a black
matrix 115. The black matrix 115 includes first, second and
third open portions 1134, 1135 and 113¢. The open portions
113a, 1135 and 113¢ correspond to the pixel regions “P.” The
first, second and third open portions 113a, 1135 and 113¢ are
sequentially formed on the substrate 110 in the same order.

The black matrix 115 also includes a plurality of holes 140
corresponding to the transmissive holes 171 of the mask 170
shown in FIG. 6A. The holes 140 are located in the boundary
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region of the pixel regions “P” and expose a portion of the
substrate 110. Specifically, the holes 140 are located in the
non-pixel region such as the boundary region of the pixel
regions ‘P” at crossings of the open portions 113 a, 1135 and
113c. The holes 140 maybe of various shapes.

FIG. 3C is a plan view of an exemplary process for depos-
iting a red photoresist layer on a substrate according to an
embodiment of the present invention. FIG. 4C is a cross-
section view taken along a line “IV-IV” of FIG. 3C. FIG. 5C
is a cross-section view taken along a line “V-V” of FIG. 3C.
As shown in FIGS. 3C, 4C and 5C, a red photoresist material
117 is coated over an entire surface of the substrate 110
having the black matrix 115 including the first to third open
portions 11 3a, 1135 and 113¢, and the holes 140. A mask 175
having a shielding portion “SPY and transmissive portions
“TP3” is disposed over the substrate 110 having the red pho-
toresist layer 117.

The mask 175 includes the transmissive portions “TP3”
and the shielding portion “SPY” at a boundary of the trans-
missive portions “TP3”” A later-formed color filter layer
according to the embodiment of the present invention
includes negative type photoresist material, so the mask 175
is directed to a negative type photosensitive material. Accord-
ingly, the mask 175 should be disposed such that the trans-
missive portions “TP3” of the mask 175 are disposed in a
portion where red color filters will be formed. Then, the red
photoresist layer 117 is exposed through the mask 175.

FIG. 3D isa plan view of an exemplary process for forming
a red filter on a substrate according to an embodiment of the
present invention. FIG. 4D is a cross-section view taken along
a line “IV-IV” of FIG. 3D. FIG. 5D is a cross-section view
taken along a line “V-V” of FIG. 3D. As shown in FIGS. 3D,
4D and 5D, by developing the exposed red photoresist layer
117 shown in FIGS. 4C and 5C, a red color filter 120a is
formed in the first open portion 113a. The red color filter 120a
may overlap with edges of the adjacent black matrix 115.

FIG. 3E is a plan view of an exemplary process for forming
green and blue filters on a substrate according to an embodi-
ment of the present invention. FIG. 4E is a cross-section view
taken along a line “IV-IV” of FIG. 3E. FIG. SE is a cross-
section view taken along a line “V-V” of FIG. 3E. As shown
in FIGS. 3E, 4E and 5E, green and blue color filters 1205 and
120c are formed, respectively, in the second and third open
portions 1135 and 113¢ using a method similar to the one used
for the red color filter 120a. Accordingly, the red, green and
blue color filters 120a, 1205 and 120¢ constitute a color filter
layer 120. As shown in FIG. 5E, the red, green and blue
photoresist materials (not shown) are removed through a
developing process in a portion of the transmissive hole 140.
Thus, a portion of the substrate 110 is exposed by the trans-
missive hole 140.

FIG. 4F is a cross-section view illustrating a process for
forming an overcoat layer over a substrate. FIG. 5F is a
cross-section view illustrating a process for forming an over-
coat layer over a substrate. As shown in FIGS. 4F and 5F, an
overcoat layer 125 is formed over the substrate 110 including
the color filter layer 120 and the black matrix 115. The over-
coatlayer 125 protects the color filter layer 120 and planarizes
a surface of the substrate 110. The overcoat layer 125 may
include a resin material which may be a transparent colorless
material. Forming the overcoat layer 125 may include a mask
process (not shown) such as a photolithography in order to
harden and to pattern the overcoat layer 125.

FIG. 4G is a cross-section view illustrating a process for
forming a spacer layer over a substrate. FIG. 5G is a cross-
section view illustrating a process for forming a spacer layer
over a substrate. As shown in FIGS. 4G and 5G, a spacer
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material layer 127 is formed on the overcoat layer 125 by
coating a photosensitive material. According to an embodi-
ment of the present invention, the photosensitive material
may be of a negative type.

The spacer material layer 127 includes a photosensitive
material having a light blocking property in order to prevent
a light leakage phenomenon. A laterformed patterned spacer
using the spacer material layer 127 is located at the transmis-
sive hole 140 without additional blocking means in the non-
pixel region, such as the boundary region of the pixel regions
“P” For example, the spacer material layer 127 may include a
type of black pigment material.

A viscosity of the photosensitive material of the spacer
material layer 127 is higher than that of the overcoat layer
125. The later-formed patterned spacer preferably is formed
within a gap range of 2 to 8 um. Thus, the spacer material
layer 127 should have a low spread property and a high
viscosity to be positioned within this thickness range by a
coating method.

A common electrode (not shown) may or may not be
formed on the color filter substrate 120 depending on a model
type of the liquid crystal display device. For example, in an
in-plane switching mode liquid crystal display device, the
common electrode is not formed on the color filter substrate
but on the same substrate as an array element layer. According
to an embodiment of the present invention, the liquid crystal
display device is an in-plane switching mode liquid crystal
display device. Thus, the common electrode is not formed on
the color filter substrate. In this instance, the spacer material
layer 127 shown in FIGS. 4G and 5G is directly coated on the
overcoat layer 125.

However, in other types of liquid crystal display devices,
the common electrode may be formed on the overcoat layer
125 using transparent conductive materials, such as indium
tin oxide (ITO), indium zinc oxide (IZO) or indium tin zinc
oxide (ITZO) before forming the patterned spacer. In addi-
tion, if the common electrode is formed on the color filter
substrate, the common electrode may be directly formed on
the color filter layer without an additional overcoat layer.
Thus, when the common electrode is formed on the color
filter substrate, the overcoat layer 125 may be omitted on the
color filter substrate.

The process for forming a spacer layer shown in FIGS. 4G
and 5G may include exposing the back of the substrate 110
including the spacer material layer 127 using an interference
filter 180. The interference filter 180 can transmit ultra violet
(UV) light having a specific wavelength range. In general, a
proximity exposing method is used for fabricating a color
filter substrate in order to reduce an exposing time. The prox-
imity exposing method includes irradiating parallel UV light
onto the substrate 110 including the spacer material layer 127.
The parallel UV light can be provided through a mirror and a
mask.

FIG. 7 is a schematic view of an exemplary exposing appa-
ratus having an interference filter according to an embodi-
ment ofthe present invention. As shown in FIG. 7, a proximity
type exposing apparatus 200 includes a light source 202, an
integrator 215, and an interference filter 245. The integrator
215 integrates light from the light source 202. The interfer-
ence filter 245 transmits light having a specific range of
wavelengths from the light emitted by the light source 202.

The proximity type exposing apparatus 200 also includes a
first elliptic minor 205, a first plane minor 210, a shutter 230,
a second plane mirror 235, and a second elliptic minor 240.
The first elliptic mirror 205 collects light from the light source
205 to the first plane minor 210. The first plane mirror 210
reflects the light from the light source 202 along a specific
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direction toward the integrator 215. The shutter 230 controls
the light supply. The second plane mirror 235 reflects the
reflected light from the first plane mirror 210 along a specific
direction toward the second elliptic mirror 240. The second
elliptic minor 240 reflects the reflected light from the second
plane mirror 235 to the interference filter 245.

The integrator 215 includes a lens 220 disposed in parallel
to the reflected light direction from the first plane minor 210.
The light passing through the interference filter 245 is irradi-
ated onto a substrate 250 on a stage (not shown) used in the
proximity type exposing apparatus 200. In the proximity type
exposing apparatus, no mask is required for irradiating the
light filtered by the interference filter 245 onto the substrate
250.

FIG. 8 is a graph illustrating a spectrum range of irradiated
light by a general exposing apparatus. As shown in FIG. 8,
UV light irradiated onto a substrate by a proximity type
exposing apparatus through a mask has a spectral range hav-
ing a plurality of wavelength ranges such that j-ray, i-ray,
h-ray and G-ray. The wavelength ranges j-ray, i-ray, h-ray and
G-ray have central wavelengths of about 313 nm, 365 nm, 405
nm and 436 nm according to an energy density, respectively.
Only a specific wavelength capable of photo-initiating the
photosensitive material is necessary among these wavelength
ranges. According to an embodiment ofthe present invention,
the specific wavelength is limited to the j-ray having about
313 nm as the central wavelength.

In general, a photosensitive material includes three basic
components, such as a solvent, a polymer material, and a
sensitizer capable of causing chemical reaction, such as a
decomposition by a light energy. The sensitizer reacts well
with the UV light having the specific wavelength. By irradi-
ating only this UV light having the specific wavelength onto
the sensitizer, unnecessary photo-reaction caused by extrane-
ous UV light having other wavelength ranges can be reduced,
thereby reducing a distortion in the shape of the patterned
spacer. Moreover, according to an embodiment of present
invention, the patterned spacer can be formed without inter-
posing a mask since the exposure process is performed
through the interference filter transmitting UV light of the
specific wavelength.

FIG. 9 is a cross sectional view of an exemplary interfer-
ence filter used a process of exposing according to an embodi-
ment of the present invention. As shown in FIG. 9, an inter-
ference filter 260 includes a first layer group 263 and a second
layer group 265. The first layer group 263 includes a plurality
of materials to remove unnecessary light of short wave-
lengths. The second layer group 265 includes a plurality of
materials to block unnecessary light of long wavelengths for
filtering a specific wavelength. The second layer group 265 is
located on the first layer group 263.

Referring back to FIG. 7, when the UV light having various
ranges of wavelength from the light source 202 is irradiated
onto the substrate 250 through the interference filter 245, the
extraneous UV light is almost completely removed through
the interference filter 245. Thus, the UV light reaching the
substrate 250 is UV light that can react well with the sensitizer
of the photosensitive material, such as the spacer material
layer 127 shown in FIGS. 4G and 5G.

FIG. 10 is a graph illustrating an exemplary spectral range
of UV light irradiated through the interference filter depicted
in FIG. 9. As shown in FIG. 10 in comparison with FIG. 8,
most wavelength ranges are removed and only a j-ray (313
nm), which is a UV light having a central wavelength of about
313 nm, reaches a substrate having a spacer material layer for
forming a patterned spacer.
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Referring back to FIGS. 4G and 5G, the back of the sub-
strate 110 is exposed through the interference filter 180 exem-
plified by the interference filter 245 shown in FIG. 7. Then,
UV light having wavelength ranges other than that of the fray
is blocked by the interference filter 180 and the j-ray of the
specific wavelength range shown in FIG. 10 is irradiated onto
the substrate 110.

Referring back to FIGS. 4F, 5F and 9, the j-ray UV light of
the specific wavelength range is blocked in a portion of the
spacer material layer 127 corresponding to the black matrix
115 and the color filter layer 120 shown in FIGS. 4F and 5F by
ablocking property of the black matrix 115 and the color filter
layer 120 about the specific wavelength. As discussed above
with regard to the first and second layer groups 263 and 265 of
the interference filter 260 shown in FIG. 9, the black matrix
115 and the color filter layer 120 can include a photosensitive
material capable of blocking the j-ray UV light. Accordingly,
only the j-ray UV light can pass through the holes 140 of the
black matrix 115 that expose a portion of the substrate 110, as
shown in FIGS. 4F and 5F. Thus, only the UV light passing
the holes 140 is irradiated onto the spacer material layer 127
and cause a reaction with a portion of the spacer material layer
127 corresponding to the holes 140. The j-ray UV light having
the specific wavelength range has a good reactivity with
regard to the sensitizer (not shown) of the spacer material
layer 127.

FIG. 4H is a cross-section view of an exemplary patterned
spacer over a substrate according to an embodiment of the
present invention. FIG. 5H is an alternate cross-section view
of the exemplary patterned spacer shown in FIG. 4H. As
shown in FIG. 5H, a portion of the spacer material layer 127
corresponding to the holes 140 is patterned into a plurality of
patterned spacers 130 having pillar shapes in a plan view. In
addition, as shown in FIG. 4H, the patterned spacers 130 are
not formed along the line ‘IV-IV’. The transmissive holes 140
do not incur any shape distortion in a cross section view.
Specifically, a portion of the spacer material layer 127 corre-
sponding to the transmissive holes 140 remain after develop-
ing the spacer material layer 127. Portions other than the
portion of the spacer material layer 127 are almost completely
removed. The remaining portion of the spacer material layer
127 acts as the patterned spacers 130.

The location and pitch between the patterned spacers 130
can be controlled during the formation of the transmissive
holes 140 of the black matrix 115. Thus, the shape of the
patterned spacers 130 can be changed. For example, the pat-
terned spacers 130 may be formed along transverse or colum-
nar directions.

FIG. 11 is a cross sectional view of an exemplary color
filter substrate having a patterned spacer and a common elec-
trode according to another embodiment of the present inven-
tion. As shown in FIG. 11, a common electrode 326 is formed
between the overcoat layer and the patterned spacer shown in
FIGS. 4H and 5H. A process of forming the common elec-
trode 326 includes depositing a transparent conductive mate-
rial on the entire surface of the overcoat layer 325 after form-
ing the overcoat layer 325. Moreover, the process of forming
the common electrode 326 may also include patterning the
transparent conductive material by photolithography. The
common electrode 326 is formed between the overcoat layer
325 and the pattered spacers 330. However, if the overcoat
layer 325 is omitted over a substrate 310, the common elec-
trode 326 may be formed between a color filter layer 320 and
the pattered spacers 330.

According to another embodiment of the present invention,
the patterned spacers can be formed by an exposing method
using interference filter without interposing any mask. Except



US 7,948,599 B1

11

for the step of forming the common electrode, this embodi-
ment of the present invention can be described in a manner
similar to the above discussion with regard to FIGS. 3A to 3E,
4A to 4H and 5A to SH. Thus, repetitive explanation will be
omitted.

According to embodiment of the present invention, the
mask process includes a total of four mask processes, each of
which using a separate mask such as forming the black
matrix, the red color filter, the green color filter, and the blue
color filter. In contrast to the related art, the patterned spacers
are formed by an exposing and developing process that do not
need a separate mask as described above. Thus, the number of
the mask processes is reduced in comparison with the related
art. Furthermore, since the number of the mask processes can
be reduced, a production cost may be also reduced.

It will be apparent to those skilled in the art that various
modifications and variations can be made in embodiments of
the liquid crystal display device having patterned spacers and
method of fabricating the same of the present invention with-
out departing from the spirit or scope of the invention. Thus,
it is intended that the present invention cover the modifica-
tions 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 a liquid crystal display device
having first and second substrates, comprising;

forming a black matrix having a plurality of open portions
corresponding to pixel regions and a plurality of holes
disposed adjacent to the plurality of open portions on the
second substrate;

forming color filter layers on the black matrix;

forming an overcoat layer on the color filter layers and
filling the holes; and

forming a plurality of patterned spacers on the overcoat
layer and corresponding to the plurality of holes by
using the black matrix and the color filter layers as a
mask,

wherein forming the plurality of patterned spacers includes
coating a photosensitive material on the second sub-
strate and patterning the photosensitive material layer,

wherein patterning the photosensitive material layer
includes exposing the photosensitive material layer
using the black matrix and the color filter layers as a
mask, and developing the exposed photosensitive mate-
rial layer,
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wherein exposing the photosensitive material layer
includes irradiating light through an interference filter,
the interference filter transmitting light within a specific
wavelength range, and

wherein the specific wavelength range is a UV light range

having about 313 nm as a central wavelength.

2. The method according to claim 1, further comprising
forming a common electrode over the color filter layers prior
to forming the plurality of patterned spacers.

3. The method according to claim 1, wherein the transmit-
ted light only exposes portions of the photosensitive material
layer that correspond to the plurality of holes of the black
matrix.

4. The method according to claim 1, wherein the transmit-
ted light is directly irradiated through the back of the second
substrate without interposing a mask.

5. The method according to claim 1, wherein the photosen-
sitive material includes one of a black resin and an epoxy
resin.

6. The method according to claim 1, wherein the photosen-
sitive material for forming the patterned spacers includes a
black pigment material.

7. The method according to claim 1, wherein a thickness
range of the photosensitive material layer for forming the
patterned spacers is within 2 pm to 8 pm.

8. The method according to claim 1, wherein the black
matrix has a matrix configuration, and the plurality of open
portions are spaced apart from each other.

9. The method according to claim 8, wherein the plurality
of’holes are located substantially along a transverse direction.

10. The method according to claim 8, wherein the plurality
ofholes are located substantially along a columnar direction.

11. The method according to claim 1, wherein the plurality
of'holes in the black matrix have one of a square shape and a
circular shape.

12. The method according to claim 1, wherein the step of
forming the plurality of patterned spacers includes:

coating a photosensitive material over the black matrix;

photoexposing the photosensitive material through the

holes of the black matrix; and

removing non-photoexposed portions of the photosensi-

tive material.

13. The method according to claim 12, further comprising
a step of forming an overcoat layer on the black matrix,
wherein the photosensitive material in the step of forming the
plurality of patterned spacers is formed on the overcoat layer.

#* * #* ok %



THMBW(EF)

EEREABYNRRBE RREREHIES E

US7948599 K (2E)R

US12/987737 RiEH

patsnap

2011-05-24

2011-01-10

HRBEERRAGE) FEERERAT
BE (T RR)AGE) LG DISPLAY CO. , LTD.

LFERE(ERD)AGE) LG DISPLAY CO., LTD.

R & B A RYU SANG CHUL

RHAA RYU, SANG-CHUL

IPCHEE GO02F1/1339 G02F1/1335 G02F1/13 G02F1/136 GO3F7/00
CPCH#E G02F1/133512 GO3F7/0007 G02F1/13394 GO2F2001/136231
£ £4X 1020040030590 2004-04-30 KR

H At 40 FF 3Rk US20110104974A1

SNERaE Espacenet USPTO

MWE(F) 1

—MBERETREE , BREF-NE-ER , EE-EREVRER &
EELREGERENNN SN ORI NESANIT OB HBIREN
2N, REREERER , UREE-—NE_ERENS M LTH
BMNENSIMEELERYD.



https://share-analytics.zhihuiya.com/view/ec451bc0-86e8-4e7e-a17a-685ac2b0a72f
https://worldwide.espacenet.com/patent/search/family/035186681/publication/US7948599B1?q=US7948599B1
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7948599.PN.&OS=PN/7948599&RS=PN/7948599

