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(57) ABSTRACT

A color filter substrate includes a transparent substrate, a
black matrix arranged on the transparent substrate in hori-
zontal and vertical directions along boundaries of pixel
regions, the black matrix including a reflection layer on a
surface thereof, and a color filter formed on the black matrix.

/W




Patent Application Publication Jun. 28,2007 Sheet 1 of 3 US 2007/0146582 Al

FIG. 1

RELATED ART




Patent Application Publication Jun. 28,2007 Sheet 2 of 3 US 2007/0146582 Al

----------

]

4
.
.
.
.
v
-
e

Y
ot ——— -1

105a 102 105b 101

FIG. 2B

100

123
125




Patent Application Publication Jun. 28,2007 Sheet 3 of 3 US 2007/0146582 Al

FIG. 3A

uv v

' |
m 2 e P myzgl

[
.................................................................
..................................................................
............................................................................................................................
.........................................................................................................................
.........................................................................
amd
v 1
[ Il
. H 220

FIG. 3C

FIG. 3D

223 225
228



US 2007/0146582 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. P2005-013 1013 filed in Korea on
Dec. 27, 2005, which is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device,
and more particularly, to a liquid crystal display device and
a method for fabricating the same. Although the present
invention is suitable for a wide scope of applications, it is
particularly suitable for enhancing the brightness of a liquid
crystal display device.

[0004] 2. Description of the Related Art

[0005] Various types of portable electronic devices, such
as mobile phones, personal digital assistants (PDA), and
note book computers are now in use because of their small
size, light weight, and low power consumption. Flat panel
display devices, such as liquid crystal displays (LCDs),
plasma display panels (PDPs), field emission displays
(FEDs), and vacuum fluorescent displays (VFDs), have been
developed for such portable electronic devices. Of these flat
panel display devices, the LCDs are currently in mass
production because of their simple driving scheme and
superior image quality.

1. Field of the Invention

[0006] FIG. 1 is a cross-sectional view showing an LCD
device 1 in accordance with the related art. As shown in FIG.
1, the LCD device 1 includes a lower substrate 5, an upper
substrate 3, and a liquid crystal layer 7 formed between the
lower substrate 5 and the upper substrate 3. A driving device
array of a plurality of pixels is formed on the lower substrate
5. A switching device 9, such as a thin film transistor (TFT)
is formed in each pixel. A pixel electrode 6 connected to the
TFT is formed on the lower substrate 5.

[0007] A black matrix 8 and a color filter layer 2 are
positioned on the upper substrate 3 for implementing the
display of colors. A common electrode 4 is formed on the
upper substrate 3. An alignment layer for aligning liquid
crystal molecules of the liquid crystal layer 7 is provided on
the lower substrate 5.

[0008] The lower substrate 5 and the upper substrate 3 are
attached to each other by a sealant (not shown) formed at the
periphery of the substrates. A constant cell gap is maintained
by a spacer (not shown) positioned between the lower
substrate 5 and the upper substrate 3. Also, the liquid crystal
layer 7 is formed between the lower substrate 5 and the
upper substrate 3. The TFT switches an electric field
between the common electrode 4 and the pixel electrode 6.
The electric field reorients the liquid crystal molecules in the
liquid crystal layer to control light passing through the liquid
crystal layer, thereby displaying information.

[0009] The driving device array on the lower substrate 5 is
formed by a driving device array process, and a color filter
on the upper substrate 3 is formed by a color filter process.
A spacer forming process and a liquid crystal layer forming
process are then performed. Lastly, the lower substrate 5 and
the upper substrate 3 are sealed together with a sealing
process.
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[0010] In the driving device array substrate process, a
plurality of gate lines and data lines are formed first for
defining pixel regions on the lower substrate 5. Then, a thin
film transistor 9 connected to the gate lines and the data lines
is formed in each pixel region. Then, the pixel electrode 6
connected to the thin film transistor for driving the liquid
crystal layer by receiving a signal through the thin film
transistor is formed in each pixel region.

[0011] In the color filter substrate process, the black
matrix 8 is formed first on the upper substrate 3. Then, the
color filter 2 is formed for implementing red (R), green (G),
and blue (B) colors. The common electrode 4 is then formed
on the color filter layer 2.

[0012] Inthe related art LCD device, light is supplied from
a backlight provided at a lower surface of the lower substrate
5. An image is displayed by controlling an amount of light
passing through the liquid crystal layer from the backlight.
However, light incident on the black matrix 8 from the
backlight is absorbed by the black matrix 8. Accordingly,
light incident on the black matrix 8 is lost and not used in
displaying an image.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
liquid crystal display device and a method for fabricating the
same that substantially obviate one or more of the problems
due to limitations and disadvantages of the related art.

[0014] An object of the present invention is to provide a
liquid crystal display device and a method for fabricating the
same having enhanced brightness.

[0015] Another object of the present invention is to pro-
vide a liquid crystal display device and a method for
fabricating the same that increases the utilization of light
from a backlight.

[0016] Additional features and advantages of the inven-
tion 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 particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
color filter substrate including a transparent substrate, a
black matrix arranged on the transparent substrate in hori-
zontal and vertical directions along boundaries of pixel
regions, the black matrix having a reflection layer on a
surface thereof, and a color filter formed on the black matrix.

[0018] In another aspect, a liquid crystal display device
includes a first substrate and a second substrate, gate lines
formed on the first substrate in a first direction, data lines
formed on the first substrate in a second direction perpen-
dicular to the first direction, a switching device formed
adjacent to each crossing of the gate lines and the data lines,
a black matrix formed on the second substrate, the black
matrix including a reflection layer on a surface thereof, a
color filter formed on the black matrix, and a liquid crystal
layer formed between the first substrate and the second
substrate.
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[0019] In another aspect, a method for fabricating an
liquid crystal display device includes providing a transparent
substrate, forming an organic pattern having a triangular
shape on the transparent substrate, forming a reflection layer
on a surface of the organic pattern, and forming a color filter
layer on the transparent substrate.

[0020] In yet another aspect, a method for fabricating an
liquid crystal display device includes providing a first sub-
strate having a thin film transistor array with pixel regions,
providing a second substrate on which a black matrix and a
color filter are formed, the black matrix arranged on the
second substrate in horizontal and vertical directions along
boundaries of the pixel regions, and includes a reflection
layer on a surface thereof facing the second substrate, and
forming a liquid crystal layer between the first substrate and
the second substrate

[0021] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0023] FIG. 1 is a cross-sectional view showing an LCD
device in accordance with the related art;

[0024] FIGS. 2A and 2B are schematic views showing an
LCD device according to an embodiment of the present
invention in which FIG. 2A is a plan view and FIG. 2B is a
cross-sectional view taken along line I-I of FIG. 2A; and

[0025] FIGS. 3A and 3D are cross-sectional views show-
ing processes for fabricating a color filter substrate accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0026] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Here-
inafter, a liquid crystal display (LCD) device and a method
for fabricating the same according to the present invention
will be explained in more detail with reference to the
attached drawings.

[0027] FIGS. 2A and 2B are schematic views showing an
LCD device according to an embodiment of the present
invention in which FIG. 2A is a plan view and FIG. 2B is a
cross-sectional view taken along line I-I of FIG. 2A. As
shown in FIGS. 2A and 2B, an LCD device 100 according
to an embodiment of the present invention includes a first
substrate 110, a second substrate 120, and a liquid crystal
layer 130 formed between inside surfaces of the first sub-
strate 110 and the second substrate 120. A first polarizer 141
and a second polarizer 143 are respectively attached to
outside surfaces of the first substrate 110 and the second
substrate 120. A contact surface of the first polarizer 141 to
the rear surface of the first substrate 110 reflects light.
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[0028] A plurality of gate lines 101 are arranged on the
first substrate 110 in a first direction, and a plurality of data
lines 103 are arranged to be perpendicular to the gate lines
101 in a second direction to define each pixel region P. A
pixel electrode 117 is formed in each pixel region P. A
switching device, such as a thin film transistor (TFT) 102, is
electrically connected to the pixel electrode 117 for switch-
ing a data signal to the pixel. The TFT 102 is formed in each
pixel adjacent to where the gate line 101 and the data line
103 for a pixel cross each other. The TFT 102 includes a gate
electrode 102 formed from the gate line 101, an active layer
108 formed on the gate electrode, a gate insulating layer 113
interposed between the gate electrode 102 and the active
layer 108, and source/drain electrodes 1052 and 1055
formed on the active layer 108. The gate insulating layer 113
is deposited over the entire surface of the first substrate 110.
A passivation layer 115 is formed over the TFT. The drain
electrode 1054 is electrically connected to the pixel elec-
trode 117, which is on the passivation layer 115.

[0029] A black matrix 128 for preventing a light leakage,
a color filter 129, and a common electrode 127 are formed
on the second substrate 120, which is transparent. The black
matrix 128 includes an organic pattern 123 having a tapered
or triangular rib structure, and a reflection layer 125 formed
on two sides of the triangular rib pattern facing the first
substrate 110. The black matrix 128 is arranged on the
second substrate 120 in horizontal and vertical directions
along boundaries of the plurality of pixel regions.

[0030] The black matrix 128 in an embodiment of the
present invention not only prevents light leakage but also
reflects light incident thereon into adjacent pixel regions P.
The reflected light incident into the pixel regions P is
re-reflected by the first polarizer 141 attached to the lower
surface of the first substrate 110, thereby enhancing bright-
ness of the LCD device and increasing utilization of the light
from the backlight. The black matrix 128 reflects light
incident thereon to adjacent pixel regions with an inclined
reflective surface 125. The reflective inclined surface can be
linear or curved. As shown by the arrow in FIG. 2B, light
incident onto the black matrix 128 is reflected onto the pixel
region P by the reflection layer 125. Then, the reflected light
is re-reflected by the first polarizer 141 formed at the lower
surface of the first substrate 110, thereby enhancing bright-
ness of the LCD device and increasing utilization of the light
from the backlight.

[0031] When light is supplied to the LCD device from a
backlight (not shown) provided at a lower surface of the first
substrate 110, the liquid crystal layer 130 controls an optical
transmittance by an electric field applied between the com-
mon electrode 127 and the pixel electrode 117. The black
matrix 128 is formed at boundaries of the pixel regions. In
other words, the black matrix 128 on the second substrate
120 corresponds to the gate lines 101, the data lines 103, and
the TFT, thereby preventing a light leakage at the time of
displaying a normally black mode.

[0032] The organic pattern 123 having a rib structure of
the black matrix 128 can be formed by using a negative
photoresist. More specifically, the negative photoresist is
deposited on the second substrate 120, and then is patterned
so as to have a line width of less than about 10 pm and to
have a triangular rib structure. The triangular rib structure of
the organic pattern 123 is then coated with a reflective layer
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125. The black matrix 128 with the reflective layer 125
prevents light leakage, and at the same time, reflects light
incident thereon from a backlight (not shown) into the pixel
region(the arrow direction in drawing).

[0033] FIGS. 3A and 3D are cross-sectional views show-
ing processes for fabricating a color filter substrate accord-
ing to an embodiment of the present invention. As shown in
FIG. 3A, a negative photoresist layer 223' is deposited on the
transparent substrate 220. Then, ultraviolet rays are irradi-
ated onto the negative photoresist layer 223' by using a mask
having transmission openings aligned with regions to be
patterned on the negative photoresist layer 223'. Then, the
negative photoresist layer 223' onto which ultraviolet rays
have been selectively irradiated is developed, thereby form-
ing an organic pattern 223 having a triangular rib structure
at the regions on which ultraviolet rays have been irradiated.

[0034] As shown in FIG. 3B, the organic pattern 223 has
a rib structure instead of a flat structure because the organic
pattern 223 has a width less than 10 pum. Generally, a
photoresist pattern is formed using a mask having a tapered
interface. Thus, when the photoresist pattern has a width of
about less than 10 um, both sides of the resultant pattern will
have a tapered rib structure or triangular rib structure.

[0035] Next, a metal layer having excellent reflectivity,
such as Al or AINd, is deposited over the entire surface of
the transparent substrate 220 including the organic pattern
223, and then patterned. As shown in FIG. 3C, a reflection
layer 225 is formed on the surfaces of the organic pattern
223, thereby forming a black matrix 228 including the
organic pattern 223 and the reflection layer 225.

[0036] As shown in FIG. 3D, a color filter layer 229 of R,
G, and B is formed on the transparent substrate 220 on which
the black matrix 228 is formed. Then, a transparent conduc-
tive material, such as indium tin oxide (ITO) or indium zinc
oxide (IZ0), is deposited on the color filter layer 220 to form
a common electrode 227.

[0037] As aforementioned, an embodiment of the present
invention provide an LCD device capable of enhancing a
brightness by having a black matrix that reflects light back
into the pixel regions, and a method for fabricating the same.
The present invention is not limited to a twisted nematic
structure. That is, the present invention can be also applied
to an IPS-LCD device that a common electrode and a pixel
electrode are formed on the same substrate. The black matrix
can be formed to have a rib shape that is symmetrical with
a reflection layer on a surface of the black matrix. Accord-
ingly, light incident onto the black matrix from a backlight
is reflected to adjacent pixel regions, and then the reflected
light is re-reflected by a polarizer so as to increase the
overall brightness of the LCD device. Since the overall
brightness is increased, the contrast ratio of the LCD device
is enhanced, which improves picture quality. Further, light
utilization from the backlight increases by using light that
otherwise would be absorbed by a black matrix.

[0038] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and a method for fabricating the
same of the present invention without departing from the
spirit or scope of the invention. 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.
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What is claimed is:
1. A color filter substrate, comprising:

a transparent substrate;

a black matrix arranged on the transparent substrate in
horizontal and vertical directions along boundaries of
pixel regions, the black matrix including a reflection
layer on a surface thereof; and

a color filter formed on the black matrix.

2. The liquid crystal display device of claim 1, wherein
the reflection layer is on a side of the black matrix that is
linear.

3. The liquid crystal display device of claim 1, wherein
the black matrix has a triangular rib shape.

4. The liquid crystal display device of claim 3, wherein
the reflection layer is on outside surfaces of the triangular rib
shape of the black matrix.

5. The liquid crystal display device of claim 1, wherein
the black matrix includes an organic material and the reflec-
tion layer includes metal.

6. The liquid crystal display device of claim 1, wherein
the reflection layer includes one of Al and AINd.

7. A liquid crystal display device, comprising:

a first substrate and a second substrate;
gate lines formed on the first substrate in a first direction;

data lines formed on the first substrate in a second
direction perpendicular to the first direction;

a switching device formed adjacent to each crossing of the
gate lines and the data lines;

a black matrix formed on the second substrate, the black
matrix including a reflection layer on a surface thereof;,

a color filter formed on the black matrix; and

a liquid crystal layer formed between the first substrate

and the second substrate.

8. The liquid crystal display device of claim 7, wherein
the reflection layer is on a side of the black matrix facing the
first substrate.

9. The liquid crystal display device of claim 7, wherein
the reflection layer is on a side of the black matrix that is
linear.

10. The liquid crystal display device of claim 7, wherein
the black matrix has a triangular rib shape.

11. The liquid crystal display device of claim 10, wherein
the reflection layer is on sides of the triangular rib shape of
the black matrix facing the first substrate.

12. The liquid crystal display device of claim 7, further
comprising;

pixel electrodes formed in pixel regions defined by cross-
ing the gate lines and data lines on the first substrate;
and

a common electrode formed on an entire surface of the

color filter of the second substrate.

13. The liquid crystal display device of claim 7, further
comprising common electrodes and a pixel electrodes in
pixel regions defined by crossing the gate lines and data lines
on the first substrate.

14. The liquid crystal display device of claim 7, further
comprising a polarizer at outside surfaces of the second
substrate.
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15. The liquid crystal display device of claim 14, wherein
a surface of the polarizer contacting the second substrate
reflects light from the black matrix.

16. A method for fabricating an liquid crystal display
device, comprising:

providing a transparent substrate;

forming an organic pattern having a triangular shape on
the transparent substrate;

forming a reflection layer on a surface of the organic
pattern; and

forming a color filter layer on the transparent substrate.

17. The method of claim 16, further comprising forming
a common electrode on the color filter layer.

18. A method for fabricating an liquid crystal display
device, comprising:

providing a first substrate having a thin film transistor
array with pixel regions;

providing a second substrate on which a black matrix and
a color filter are formed, the black matrix arranged on
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the second substrate in horizontal and vertical direc-
tions along boundaries of the pixel regions, and
includes a reflection layer on a surface thereof facing
the second substrate; and

forming a liquid crystal layer between the first substrate
and the second substrate.

19. The method of claim 18, wherein the providing the
second substrate includes:

providing a transparent substrate;

forming an organic pattern having a triangular structure
on the transparent substrate;

forming a reflection layer on a surface of the organic
pattern; and

forming a color filter layer on the transparent substrate.

20. The method of claim 19, further comprising forming
a common electrode on the color filter layer.
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