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LIQUID CRYSTAL DISPLAY DEVICE AND BLACK
MATRIX FOR LIQUID CRYSTAL DISPLAY
DEVICE

[0001] The present invention claims the benefit of Korean
Patent Application No. 2004-0114303, filed in Korea on
Dec. 28, 2004, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display (LCD) device and a black matrix for a liquid crystal
display device.

[0004]

[0005] Flat panel display devices have begun to replace
cathode-ray tubes (CRTs) for information display. Various
types of flat panel displays, such as liquid crystal display
(LCD) devices, plasma display panels (PDPs), field emis-
sion displays (FED), and electro-luminescence displays
(ELDs) have been developed to replace CRTs. Of these
types of flat panel displays, LCD devices have many advan-
tages, such as high resolution, light weight, thin profile,
compact size, and low voltage power supply requirements.

[0006] In general, an LCD device includes two substrates
that are spaced apart and face each other with a liquid crystal
material interposed between the two substrates. The two
substrates include electrodes that face each other such that a
voltage applied between the electrodes induces an electric
field across the liquid crystal material. Alignment of the
liquid crystal molecules in the liquid crystal material
changes proportionally with the intensity of the induced
electric field into the direction of the induced electric field,
thereby changing the light transmissivity of the LCD device.
Thus, the LCD device displays images by varying the
intensity of the induced electric field.

[0007] FIG. 1 is a cross-sectional view illustrating an
LCD device according to the related art.

2. Discussion of the Related Art

[0008] As illustrated in FIG. 1, the LCD device “LCD”
includes an array substrate “AS”, a color filter substrate
“CS” and a liquid crystal layer 14.

[0009] The array substrate “AS” includes a first substrate
22 having a switching region “S”, a pixel region “P” and a
storage region “C”, a thin film transistor “T” in the switching
region “S” on the first substrate 22, a pixel electrode 17 in
the pixel region “P”, a storage capacitor “Cst” in the storage
region “C,” and gate and data lines 13 and 15 crossing each
other to define the pixel region “P”. The thin film transistor
“T” includes a gate electrode 32, a semiconductor pattern
34, a source electrode 36 and a drain electrode 38. A
passivation layer 40 is disposed on the thin film transistor
“T”. A storage capacitor “Cst” includes the gate line 13 and
a storage electrode 30 overlapping the gate line 13.

[0010] The color filter substrate “CS” includes a second
substrate 5, and a black matrix 6 corresponding to a gate line
13, a data line 15, and a thin film transistor T on the second
substrate 5. The color filter substrate “CS” further includes
red (R), green (G) and blue (B) color filter patterns 7a, 76
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and 7¢ corresponding to the respective pixel regions P, and
a common electrode 18 on the black matrix 6 and the color
filter patterns 7a, 75 and 7e.

[0011] The above-described array substrate and the color
filter substrate are aligned to each other and then attached.
Once attached, there is a possibility of light leakage in the
LCD device due to a misalignment between the two sub-
strates. Accordingly, the black matrix has a margin of error
to compensate for misalignment whereby the area of the
black matrix is increased. However, an aperture ratio of the
LCD device is reduced by a margin of error for the black
matrix.

[0012] To improve the light leakage and the aperture ratio,
a color filter on transistor (COT) type LCD device is used.

[0013] FIG. 2 is a cross-sectional view illustrating a COT
type LCD device according to the related art.

[0014] As illustrated in FIG. 2, the COT type LCD device
“LC” includes first and second substrates 50 and 90 attached
by a sealant 80. A gate line 52 and a data line (not shown)
cross each other to define a pixel region “P” on the first
substrate 50. A thin film transistor “T” includes a gate
electrode 53 on the first substrate 50, a gate insulating layer
56 on the gate electrode 53, a semiconductor pattern 58 on
the gate insulating layer 56, and source and drain electrodes
60 and 62 on the semiconductor pattern 58. A gate pad
electrode 54 and a gate pad electrode terminal 78 are
disposed at one end of the gate line 52. A passivation layer
70 is disposed on the first substrate 50 having the thin film
transistor “T”.

[0015] Color filter patterns 72a and 7256 and a black matrix
“BM” are disposed on a passivation layer 70. The color filter
patterns 72a and 726 includes a red (R) color filter pattern
72a, a green (G) color filter pattern 7246 and a blue color filter
pattern (not shown) correspond to the respective pixel region
“P”, and the black matrix “BM” corresponds to the thin film
transistor “1”. A planarization layer 74 is disposed on the
first substrate 50 having the color filter patterns 72a and 725
and the black matrix “BM.”

[0016] A pixel electrode 76 is disposed on the planariza-
tion layer 74 corresponding to the pixel region “P”. The
pixel electrode 76 and the gate pad electrode terminal 78 are
made of a transparent conductive material.

[0017] A light shielding pattern 92 is disposed at periph-
eral portions of the second substrate 90, and a common
electrode 94 is disposed on the second substrate 70 to induce
a vertical electric field with the pixel electrode 76.

[0018] As described above, the color filter patterns and the
thin film transistor are formed on the same substrate.
Accordingly, a margin of error to compensate for misalign-
ment during attachment of the first and second substrates is
not required.

[0019] The related art black matrix corresponds to the thin
film transistor, and thus it shields light otherwise incident on
the semiconductor pattern of the thin film transistor. Further,
the related art black matrix corresponds to the gate and data
lines, and thus it shields light reflected from the gate and data
lines and prevents a light leakage between the pixel elec-
trodes and the gate and data lines. To do this, the related art
black matrix is made of a black resin including carbon
particles. A carbon particle has light absorbing characteris-
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tics. Accordingly, the light-shielding ability of the black
matrix depends upon the density of carbon particles.

[0020] However, since the related art black matrix uses a
carbon particle, it does not shield signal interferences
between the thin film transistor, the gate line or the data line,
which cause a parasitic capacitance with the thin film
transistor, the gate line or the data line. This parasitic
capacitance causes signal delay, which prevents the pixel
electrode 76 from being properly charged for the purposes of
generating an electric field.

[0021] FIG. 3 is a picture showing a screen of a related art
COT type LCD device having a black matrix including
carbon particles, and FIG. 4 is a waveform showing an input
signal and an output signal of the related art COT type LCD
device.

[0022] As illustrated in FIG. 3, upper portions of the
screen are near to driving circuits supplying data signals. An
input signal from the driving circuits is delayed along a
downward direction, and thus pixel electrodes of the lower
portions are not charged sufficiently. Accordingly, the upper
portions are distinct, and lower portions get dimmer along a
downward direction. As illustrated in FIG. 4, an input signal
“W1” from the driving circuits is deformed into an output
signal “W2” due to signal delay in the related art LCD
device. As a result, a display quality of the related art LCD
device is degraded.

SUMMARY OF THE INVENTION

[0023] Accordingly, the present invention is directed to a
liquid crystal display device and black matrix for liquid
crystal display device that substantially obviates one or more
of the aforementioned problems due to limitations and
disadvantages of the related art. In general, the present
invention achieves this by providing a black matrix having
dielectric properties that mitigate parasitic capacitance
between the black matrix and LCD circuitry that causes
signal delay and image degradation.

[0024] An advantage of the present invention is that it
enhances the image quality of a liquid crystal device.

[0025] Another advantage of the present invention is that
it reduces parasitic capacitance, and its effects, of a black
matrix for a liquid crystal display device.

[0026] Another advantage of the present invention is that
it improves the light blocking features of a black matrix for
a liquid crystal display device.

[0027] Additional 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 learmed by practice
of the invention. The 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.

[0028] The aforementioned and other advantages of the
present invention are achieved with a liquid crystal display
device, which comprises a first substrate; a second substrate
substantially parallel to the first substrate; a plurality of gate
and data lines crossing each other on the first substrate and
defining a pixel region; a thin film transistor near a crossing
portion of the gate and data lines; a color filter pattern
corresponding to the pixel region; a pixel electrode corre-
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sponding to the pixel region; and a black matrix disposed on
the thin film transistor, the black matrix having an imped-
ance equal to about 10°Q or more, a specific resistance equal
to about 10" Qm or more, and a relative dielectric constant
equal to about 20 or less at a driving frequency between
about 1 kHz to 100 kHz

[0029] In another aspect of the present invention, the
aforementioned and other advantages are achieved by a resin
for a black matrix for a liquid crystal display device, wherein
the resin comprises a color pigment; and titanium particles.

[0030] 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

[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 specification,
illustrate embodiments of the invention and together with
the description serve, to explain the principles of the inven-
tion.

[0032] FIG. 1 is a cross-sectional view illustrating an
LCD device according to the related art;

[0033] FIG. 2 is a cross-sectional view illustrating a COT
type LCD device according to the related art;

[0034] FIG. 3 is a picture showing a screen of the related
art COT type LCD device having a black matrix including
a carbon particle;

[0035] FIG. 4 shows an input signal waveform and an
output signal waveform of the related art COT type LCD
device;

[0036] FIG. 5 is a graph illustrating a relative dielectric
constant in accordance with a parasitic capacitance; and

[0037] FIG. 6 is a plan view illustrating an array substrate
for the COT type LCD device having an exemplary black
matrix according to the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Reference will now be made in detail to the illus-
trated embodiments of the present invention, which are
illustrated in the accompanying drawings.

[0039] In an exemplary embodiment of the present inven-
tion, a black matrix for an LCD device may be made of a
black resin including at least one of the following: carbon
particles coated with an insulating material, titanium par-
ticles, and a color pigment.

[0040] Reducing parasitic capacitance between the black
matrix and the lines or electrodes adjacent to the black
matrix, and thereby preventing signal delay, depends on
black matrix properties such as its resistivity and dielectric
constants. In particular, when the LCD device is driven by
an alternating current (AC) voltage with a driving frequency
of about 1 kHz to 100 kHz, among resistive properties, the
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impedance at the driving frequency may be more effective
characteristic than a specific resistance. Accordingly, to
optimize the impedance of the black matrix, it may be made
of the black resin including at least one of carbon particles
coated with the insulating material on their surfaces, tita-
nium particles and a color pigment.

[0041] If a color pigment is used for the black matrix, at
least one of bromine (Br), chlorine (Cl) and copper (Cu) may
be further included in the black resin, and thereby excellent
high resistive property and low dielectric property can be
obtained.

[0042] Ifthe color pigment is used for the black matrix, at
least three of red, green, blue, violet and yellow pigments
may be included in the black resin. In doing so, the quantity
of the color pigments having higher light-transmissive prop-
erty and higher dielectric property than above color pig-
ments may be minimized. Further, a small quantity of the
carbon particles coated with an insulating material may be
included in the black resin having the color pigments, and
thus the black matrix can have a high light-absorptive
property with a small thickness. The black mattix having the
color pigments may have a high light-transmittance i.e., a
peak transmittance in at least one of long wavelength range
(equal to or greater than 500 nm) and short wavelength range
(equal to or less than 500 nm). Such light-transmissive
property is created when the color pigment is used, however,
the light-transmittance is very minute in comparison with
the light-absorption. If the color pigment is used for the
black matrix, a solvent such as propylene glycol monom-
ethyl ether acetate (PGMEA) may be used to stably distrib-
ute the color pigments.

[0043] Ifthe black matrix is made of a black resin having
at least one of carbon particles coated with an insulating
material, titanium particles and color pigments to give the
black matrix a high resistivity and low dielectric property,
the black matrix may have a thickness about equal to or
more than 2 pm. In other words, if the related art black resin
having carbon particles not coated with an insulating mate-
rial is used for the black matrix, a light-absorption decreases
as a wavelength increases from about 400 nm to 700 nm.
Thus, a light-transmittance increases as the wavelength
increases. However, if the carbon particles coated with the
insulating material is used for the black matrix to obtain a
high resistive and low dielectric property, the black matrix
has a higher light-transmittance in a long wavelength than
the related art black matrix using carbon particles not coated
with the insulating material. Accordingly, to prevent the
light leakage due to the higher light-transmittance, the black
matrix may have a thickness about equal to or more than 2
pm.

[0044] Hereinafter, with reference to examples, electric
properties of the black matrix for preventing signal delay
and improving display quality according to the exemplary
embodiment of the present invention are further described
below.

[0045] Table 1 shows first experimental results of imped-
ances and specific resistances of first to fifth black matrices
in accordance with alternating current (AC) frequencies.
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TABLE 1
specific
Impedance (Rp) [R] resistance  poor display
1kHz 10kHz 100kHz (p)[Q em] quality
BM-A ~107 ~107 ~10¢ ~1012 no
BM-B ~107 ~106 ~10° ~10 no
BM-C ~107 ~107 ~10° ~1013 no
BM-D  ~10° ~10* ~10% ~10° yes
BM-E ~107 ~106 ~10° ~1013 no

[0046] In Table 1, a first black matrix “BM-A” includes
the carbon particle coated with the insulating material and
the color pigment. A second black matrix “BM-B” includes
the color pigment. A third black matrix “BM-C” includes the
carbon particle coated with the insulating material and the
color pigment, and the mixing ratio of the carbon particle
coated, with the insulating material and the color pigment in
the third black matrix “BM-C” is different from the mixing
ratio of the carbon particle coated with the insulating mate-
rial and the color pigment in the first black matrix “BM-A”.
A fourth black matrix “BM-D” includes a carbon particle not
coated with the insulating material. A fifth black matrix
“BM-E” includes the color pigment, and a quantity of the
color pigment in the fifth black matrix “BM-E” is different
from a quantity of the color pigment in the second black
matrix “BM-B”.

[0047] As shown in Table 1, among the five black matri-
ces, the display quality is poor only when the fourth black
matrix is used. However, the display quality is good for
other black matrices: the first, second, third and fifth black
matrices BM-A, BM-B, BM-C and BM-E. With reference to
Table 1, display quality is good for black matrices BM-A,
BM-B, BM-C and BM-E which have an impedance of about
10°Q at 1 kHz, an impedance of about 10°Q to 10°Q at 10
kHz and an impedance of about 10°Q to 10°Q at 100 kHz.
Further, display quality is good for the black matrices that
have a specific resistance of at least approximately 10!
Qcm. Accordingly, display quality is good in a driving
frequency of about 1 kHz to 100 kHz for black matrices that
have an impedance of at least approximately 10°Q, and a
specific resistance of at least approximately 10" Qcm. As a
result, it is understood that the black matrix having such
impedance and specific resistance can be effectively used for
the COT type LCD device if the black matrix does not have
a high light-transmittance.

[0048] FIG. 5 is a graph illustrating parasitic capacitance
as a function of relative dielectric constant. In FIG. 5, an
“A” type LCD device is a COT type LCD device where an
organic layer is not formed on the black matrix, and a “B”
type LCD device is a COT type LCD device where an
organic layer is formed on the black matrix.

[0049] As illustrated in FIG. 5, regardless of forming an
organic layer on the black matrix, to obtain an acceptable
parasitic capacitance between a data line and a pixel line
such that a signal delay on the data line is equal to about 3
um sec or less (which is a value to minimize a signal delay),
the black matrix should have a relative dielectric constant
equal to about 20 or less. For example, to minimize the
signal delay, a relative dielectric constant may be equal to or
less than 20 if the “A” type black matrix is used for the LCD
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device, and a relative dielectric constant may be equal to or
less than 10 if the “B” type black matrix is used for the LCD
device. Accordingly, regardless of forming an organic layer
on the black matrix, to minimize a signal delay, it is
understood that the black matrix may have the relative
dielectric constant equal to about 20 or less.

[0050] Table 2 illustrates relative dielectric constants of
first to fifth black matrices in accordance with alternating
current (AC) frequencies.

TABLE 2
relative dielectric constant poor display
1 kHz 10 kHz 100 kHz quality
BM-1 5.59 5.40 5.14 no
BM-2 167.87 137.01 126.57 ves
BM-3 4.58 4.39 4.27 no
BM-4 11.0 10.61 10.28 no
BM-5 7.20 7.04 6.85 no

[0051] InTable 2, afirst black matrix “BM-1” includes the
carbon particle coated with the insulating material and the
color pigment. A second black matrix BM-2 includes a
carbon not coated with the insulating material. A third black
matrix BM-3 includes the color pigment. A fourth black
matrix BM-4 includes the carbon particle coated with the
insulating material. The fifth black matrix BM-5 includes the
carbon particle coated with the insulating material and the
color pigment, and the mixing ratio of the carbon particle
coated with the insulating material and the color pigment in
the fifth black matrix BM-5 is different from the mixing ratio
of the carbon particle coated with the insulating material and
the color pigment in the first black matrix BM-1.

[0052] As shown in Table 2, among the five black matri-
ces, the display quality is poor only when the second black
matrix BM-2 is used. However, the display quality is good
when other black matrices, the first, third, fourth and fifth
black matrices BM-1, BM-3, BM-4 and BM-5, are used. In
other words, if the display quality is good in a driving
frequency of about 1 kHz to 100 kHz, it is understood that
the black matrix may have the relative dielectric constant
about equal to or less than 11.

[0053] As explained with regard to Tables 1 and 2, if the
display quality is good, it is understood that the black matrix
may have an impedance about equal to or more than 10°Q,
a specific resistance about equal to or more than 10" Qcm,
and a relative dielectric constant about equal to or less than
20. To obtain such electric properties, the black matrix may
be made of a black resin including at least one of carbon
particles coated with an insulating material and color pig-
ment, and further including the titanium material.

[0054] FIG. 6 is a plan view illustrating an array substrate
for the COT type LCD device having an exemplary black
matrix accordingly to an embodiment of the present inven-
tion. The array substrate may be similar to the array substrate
of FIG. 2.

[0055] As illustrated in FIG. 6, an array substrate “AS”
includes gate and data lines 204 and 212 crossing each other
to define a pixel region “P” on a substrate 200. A thin film
transistor “I” is disposed near a crossing portion of the gate
and data lines 204 and 212. The thin film transistor “T”
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includes a gate electrode 202 on a substrate 200, a gate
insulating layer (not shown) on the gate electrode 202, a
semiconductor pattern 206 on the gate insulating layer and
source and drain electrodes 208 and 210 on the semicon-
ductor layer 206. A pixel electrode 222 is disposed in the
pixel region “P.” A red (R) color filter pattern 218a, a green
(G) color filter pattern 2185 and a blue color filter pattern
(not shown) are disposed below the respective pixel elec-
trodes 222. A storage electrode 214 defines a storage capaci-
tor “CST” with the gate line 204 overlapping the storage
electrode 214. The storage electrode 214 contacts the pixel
electrode 222 through a storage contact hole 250.

[0056] The color filter pattern 218a or 2185 may be made
of a thick insulating resin and disposed on the gate and data
lines 204 and 212. Accordingly, the pixel electrode 222 also
may be disposed on the gate and data lines 204 and 212, and
thus an aperture ratio of the LCD device can be increased.
Further, a black matrix “BM” may be disposed on the thin
film transistor “T”, and the black matrix “BM” may be
disposed corresponding to the storage contact hole 250.
Further, the black matrix “BM” may be disposed corre-
sponding to the gate and data lines 204 and 212.

[0057] In fabricating a COT type LCD device, the above
array substrate “AS” is attached with an opposite substrate
on which a common electrode is disposed.

[0058] Inthe exemplary embodiment of the present inven-
tion, the black matrix may be made of a black resin including
at least one of the following: carbon particles coated with an
insulating material, titanium particles, and a color pigment
such that the black matrix may has an impedance equal to
approximately 10°Q or greater, a specific resistance equal to
approximately 10'' Qcm or more, and a relative dielectric
constant equal to about 20 or less. Accordingly, a parasitic
capacitance can be minimized, and thus a signal delay can
be minimized. The black matrix can be effectively used for
the COT type LCD device, and display quality can be
improved.

[0059] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
LCD device and the black matrix for the LCD device of the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion 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 device, comprising:

a first substrate;

a second substrate substantially parallel to the first sub-
strate;

a plurality of gate and data lines crossing each other on the
first substrate and defining a pixel region;

a thin film transistor near a crossing portion of the gate
and data lines;

a color filter pattern corresponding to the pixel region;
a pixel electrode corresponding to the pixel region; and

a black matrix disposed on the thin film transistor, the
black matrix having an impedance equal to about 10°Q
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or more, a specific resistance equal to about 10** Qcm
or more, and a relative dielectric constant equal to
about 20 or less at a driving frequency between about
1 kHz and 100 kHz.

2. The device according to claim 1, wherein the black
matrix includes carbon particles coated with an insulating
material.

3. The device according to claim 1, wherein the black
matrix includes titanium particles.

4. The device according to claim 1, wherein the black
matrix includes a color pigment.

5. The device according to claim 4, wherein the black
matrix further includes at least one of bromine (Br), chlorine
(Cl) and copper (Cu).

6. The device according to claim 4, wherein the color
pigment includes red, green, blue, violet and yellow pig-
ments.

7. The device according to claim 4, wherein the color
pigment includes at least three of red, green, blue, violet and
yellow pigments.

8. The device according to claim 4, wherein the black
matrix further includes a solvent.

9. The device according to claim 8, wherein the solvent
includes propylene glycol monomethyl ether acetate
(PGMEA).

10. The device according to claim 1, wherein the black
matrix has a minimum thickness equal to about 2 um.

11. The device according to claim 1, wherein the pixel
electrode is disposed on the color filter pattern.

12. The device according to claim 1, wherein the black
matrix is disposed on the plurality of gate lines and data
lines.

13. A method of fabricating a liquid crystal display
device, comprising:

providing a first substrate;

providing a second substrate;
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forming a plurality of gate and data lines crossing each
other on the first substrate and defining a pixel region;

forming a thin film transistor near a crossing portion of the
gate and data lines;

forming a color filter pattern corresponding to the pixel

region;

forming a pixel electrode corresponding to the pixel

region; and

forming a black matrix disposed on the thin film transis-

tor, the black matrix having an impedance equal to
about 10°Q or more, a specific resistance equal to about
10" Qcm or more, and a relative dielectric constant
equal to about 20 or less at a driving frequency between
about 1 kHz and 100 kHz.

14. The method according to claim 13, wherein forming
the black matrix includes providing a plurality of carbon
particles coated with an insulating material.

15. The method according to claim 13, wherein forming
the black matrix includes providing a plurality of titanium
particles.

16. The method according to claim 13, wherein forming
the black matrix includes providing a color pigment.

17. The method according to claim 16, wherein forming
the black matrix includes providing at least one of bromine
(Br), chlorine (Cl) and copper (Cu).

18. The method according to claim 16, wherein forming
the black matrix includes providing red, green, blue, violet
and yellow pigments.

19. The method according to claim 16, wherein forming
the black matrix includes providing at least three of red,
green, blue, violet and yellow pigments.

20. The method according to claim 13, wherein forming
the black matrix includes forming the black matrix having a
minimum thickness equal to about 2 um.
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