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forming transparent organic layers within the openings,
forming color filters by spraying ink for the color filters in
the openings, and forming a common electrode on the color
filters and the light-blocking members. The transparent
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COLOR FILTER ARRAY PANEL, LIQUID
CRYSTAL DISPLAY HAVING THE SAME, AND
MANUFACTURING METHOD THEREOF

[0001] This application claims priority to Korean Patent
Application No. 2005-0030673, filed on Apr. 13, 2005, and
all the benefits accruing therefrom under 35 U.S.C. §119,
and the contents of which in its entirety are herein incorpo-
rated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a color filter array
panel, a liquid crystal display having the color filter array
panel, and a method of manufacturing the color filter array
panel.

(a) Field of the Invention

[0004]

[0005] A liquid crystal display (LCD), which is one of the
most widely used flat panel display apparatuses, includes
two panels having electric field generating electrodes such
as pixel electrodes and a common electrode, and a liquid
crystal layer interposed therebetween. The LCD displays an
image by applying a voltage to the electric field generating
electrodes, which generates an electric field in the liquid
crystal layer to determine alignment of liquid crystal mol-
ecules in the liquid crystal layer to control polarization of
incident light.

(b) Description of the Related Art

[0006] In general, an LCD includes two panels on which
the electric field generating electrodes are disposed. A plu-
rality of pixel electrodes is arrayed in a matrix on one panel,
and a single common electrode is disposed over the other
panel. When individual voltages are applied to the pixel
electrodes, the image is formed on the LCD. In addition, in
order to display the image, thin film transistors, data lines,
and gate lines are provided. The thin film transistors, that is,
switching devices for switching the voltages applied to the
pixel electrodes, are connected to the pixel electrodes. The
gate lines for transmitting signals to control the thin film
transistors and the data lines for transmitting voltages to be
applied to the pixel electrodes are disposed on the panel.

[0007] Color filters are formed by performing a spin- or
slit-coating process on a photosensitive film, and then pat-
terning the resulting product with a photolithography pro-
cess. However, in the case where there is a patterned layer
including patterned portions and non-patterned portions
under the color filters, a step difference may occur at
interface portions therebetween during the formation of the
photosensitive film.

[0008] Depending on kinds of the light source used for the
image display, the LCDs are divided into three types:
transmissive, reflective, and transflective (transmissive-re-
flective). In transmissive LCDs, the pixels are illuminated
from behind using a backlight. In reflective LCDs, the pixels
are illuminated from the front using incident light originat-
ing from the ambient environment. Transflective LCDs
combine transmissive and reflective characteristics. Under
medium light conditions, such as an indoor environment, or
under complete darkness conditions, these LCDs are oper-
ated in a transmissive mode, while under very bright con-
ditions, such as an outdoor environment, they are operated
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in a reflective mode. The reflective and transflective LCDs
are commonly used in small and medium size display
devices.

[0009] In particular, in a transflective LCD, in order to
obtain uniform color characteristics in transmissive and
reflective areas, light holes are provided in the reflective
areas so as to adjust colors. However, in this case, defects in
the alignment of liquid crystal molecules may easily occur
due to the step difference caused by the light holes.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention,
there is provided a color filter array panel including: a
substrate; light-blocking members that are disposed on the
substrate and have a plurality of openings; transparent
organic layers that are formed on the substrate and within the
plurality of openings; color filters that are disposed on the
substrate within the plurality of openings and on the trans-
parent organic layers; and a common electrode that is
disposed on the color filters and the light-blocking members,
wherein the surface of the color filters is level with the
surface of the light-blocking members.

[0011] In the above aspect of the present invention, con-
vex-shaped members may be disposed on the transparent
organic layers.

[0012] In addition, the transparent organic layers and the
color filters may be made of a material with a hydrophilic
type of characteristic, and the light-blocking member may
be made of a material with a hydrophobic type of charac-
teristic.

[0013] According to another aspect of the present inven-
tion, there is provided a liquid crystal display including a
transistor array panel on which transparent electrodes and
reflective electrodes are disposed, and a color filter array
panel that includes: a substrate; light-blocking members that
are disposed on the substrate and have a plurality of open-
ings; transparent organic layers that are formed on the
substrate and within the plurality of openings; color filters
that are disposed on the substrate within the plurality of
openings and on the transparent organic layers; and a
common electrode that is disposed on the color filters and
the light-blocking members, wherein the surface of the color
filters is level with the surface of the light-blocking mem-
bers. The liquid crystal display further includes a liquid
crystal layer interposed between the transistor array panel
and the color filter array panel, and the transparent organic
layers are disposed at positions corresponding to the reflec-
tive electrodes.

[0014] In the above aspect of the present invention, the
area of each transparent organic layer may be 1% to 90% of
the area of each reflective electrode.

[0015] According to still another aspect of the present
invention, a method of manufacturing a color filter array
panel includes forming light-blocking members having a
plurality of openings on a substrate, forming transparent
organic layers within the plurality of openings, forming
color filters by spraying ink for the color filters in the
plurality of openings, and forming a common electrode on
the color filters and the light-blocking members.

[0016] Inthe above aspect of the present invention, the ink
for the color filters may be sprayed by using a plurality of
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nozzles of an inkjet head, and the nozzles may be disposed
on a bottom surface of the inkjet head. A distance between
adjacent positions at which the ink is sprayed through
adjacent nozzles may be controlled to be equal to a pixel
pitch on the substrate by adjusting a slant angle of the inkjet
head.

[0017] In addition, convex-shaped members may be
formed on the transparent organic layers.

[0018] According to a further aspect of the present inven-
tion, there is provided a color filter array panel including: a
substrate; light-blocking members that are disposed on the
substrate and have a plurality of openings; transparent
organic layers that are formed on the substrate and within the
plurality of openings; a first common electrode that is
disposed on the substrate, the transparent organic layers, and
the light-blocking members; color filters that are disposed on
the first common electrode within the plurality of openings;
and a second common electrode that is disposed on the color
filters and the light-blocking members, wherein the surface
of the color filters is level with the surface of the light-
blocking members.

[0019] In the above aspect of the present invention, the
second common electrode may have cut portions that are
formed at positions corresponding to the transparent organic
layers.

[0020] In addition, the transparent organic layers and the
substrate may be made of a material with a hydrophilic type
of characteristic, and the light-blocking members may be
made of a material with a hydrophobic type of characteristic.

[0021] According to another aspect of the present inven-
tion, there is provided a liqud crystal display including a
transistor array panel on which transparent electrodes and
reflective electrodes are disposed, and a color filter array
panel including; a substrate; light-blocking members that are
disposed on the substrate and have a plurality of openings;
transparent organic layers that are formed on the substrate
and within the plurality of openings; a first common elec-
trode that is disposed on the substrate, the transparent
organic layers, and the light-blocking members; color filters
that are disposed on the first common electrode within the
plurality of openings; and a second common electrode that
is disposed on the color filters and the light-blocking mem-
bers, wherein the surface of the color filters is level with the
surface of the light-blocking members. The liquid crystal
display further includes a liquid crystal layer interposed
between the transistor array panel and the color filter array
panel, and the transparent organic layers are disposed at
positions corresponding to the reflective electrodes.

[0022] In the above aspect of the present invention, the
second common electrode may have cut portions that are
formed at positions corresponding to the transparent organic
layers, and the area of each transparent organic layer may be
1% to 90% of the area of each reflective electrode.

[0023] In addition, a distance between the reflective elec-
trodes and the first common electrode disposed on the
transparent organic layers may be larger than a distance
between the transparent electrodes and the second common
electrode.

[0024] According to a further aspect of the present inven-
tion, a method of manufacturing a color filter array panel
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includes forming light-blocking members having a plurality
of openings on a substrate; forming transparent organic
layers within the plurality of openings; forming a first
common electrode on the substrate, the transparent organic
layers, and the light-blocking members; forming color filters
by spraying ink for the color filters on the first common
electrode within the openings; and forming a second com-
mon electrode on the color filters and the light-blocking
members, wherein the surface of the color filters is level
with the surface of the light-blocking members.

[0025] Inthe above aspect of the present invention, the ink
for the color filters may be sprayed by using a plurality of
nozzles of an inkjet head, and the nozzles may be disposed
on a bottom surface of the inkjet head. A distance between
adjacent positions at which the ink is sprayed through
adjacent nozzles may be controlled to be equal to a pixel
pitch on the substrate by adjusting a slant angle of the inkjet
head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present invention will become more apparent
by describing in detail exemplary embodiments thereof with
reference to the attached drawings, in which:

[0027] FIG. 1 is a layout view showing a transistor array
panel for a transflective liquid crystal display according to a
first embodiment of the present invention;

[0028] FIG. 2 is a layout view showing a color filter array
panel for the transflective liquid crystal display according to
the first embodiment of the present invention;

[0029] FIG. 3 is a layout view showing the transflective
liquid crystal display according to the first embodiment of
the present invention;

[0030] FIGS. 4 and 5 are cross-sectional views showing
the transflective liquid crystal display taken along lines
IV-IV' and V-V' of FIG. 3, respectively;

[0031] FIGS. 6A and 6C are cross-sectional views show-
ing a series of steps of a method of manufacturing a color
filter array panel according to the first embodiment of the
present invention;

[0032] FIG. 7 is a perspective view showing an inkjet
printing system for forming color filters in the method of
manufacturing a color filter array panel according to the first
embodiment of the present invention;

[0033] FIG. 8 is a bottom view showing a head unit of an
inkjet printing system;

[0034] FIG.9 is a schematic view for explaining a method
of forming color filters by using an inkjet head,

[0035] FIG. 10 is a cross-sectional view showing a liquid
crystal display according to a second embodiment of the
present invention; and

[0036] FIG. 11 is a cross-sectional view showing a liquid
crystal display according to a third embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
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attached drawings such that the present invention can be
easily put into practice by those skilled in the art. However,
the present invention may be implemented in various
aspects. The present invention is not limited to the embodi-
ments described hereinafter.

[0038] In the drawings, thicknesses are enlarged for the
purpose of clearly illustrating layers and areas. In addition,
like elements are denoted by like reference numerals in the
whole specification. If it is mentioned that a layer, a film, an
area, or a plate is placed on a different element, it includes
a case that the layer, film, area, or plate is placed right on the
different element as well as a case that another element is
disposed therebetween. On the contrary, if it is mentioned
that one element is placed right on another element, it means
that no element is disposed therebetween.

[0039] Now, a color filter array panel and a liquid crystal
display (LCD) having the same according to embodiments
to the present invention will be described in detail with
reference to the attached drawings.

[0040] FIG. 1 is a layout view showing a transistor array
panel for a transflective LCD according to the first embodi-
ment of the present invention, FIG. 2 is a layout view
showing a color filter array panel for the transflective LCD
according to the first embodiment, and FIG. 3 is a layout
view showing the transflective LCD according to the first
embodiment. FIGS. 4 and 5 are cross-sectional views
showing the transflective LCD taken along lines IV-IV' and
V-V' of FIG. 3, respectively.

[0041] The LCD according to the first embodiment
includes a transistor array panel 100, a color filter array
panel 200, and a liquid crystal layer 3 interposed between
the two panels 100 and 200.

[0042] Firstly, the transistor array panel 100 will be
described in detail with reference to FIG. 1 and FIGS. 3 to
5.

[0043] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are disposed on an insulating
substrate 110 made of a transparent glass or plastic material.

[0044] The gate lines 121 for transmitting gate signals
mainly extend in the transverse direction.

[0045] The gate lines 121 include a plurality of gate
electrodes 124 that protrude upwardly, and end portions 129
that have wide areas for connection to other layers or
external driver circuits. A gate driver circuit (not shown) that
generates the gate signals may be mounted on a flexible
printed circuit film attached to the substrate 110. Alterna-
tively, the gate driver circuit may be directly mounted on the
substrate 110, or it may be integrated in the substrate 110. In
a case where the gate driver circuit is integrated in the
substrate 110, the gate lines 121 extend to be directly
connected to the gate driver circuit.

[0046] The storage electrode lines 131 mainly extend in
the transverse direction, and include storage electrodes 133a
and 1335 that extend in the longitudinal direction from the
storage electrode lines 131. The storage electrodes 1334 and
1335 that extend in the longitudinal direction are connected
to each other by storage electrodes 133c¢ that extend in the
transverse direction and have curved portions therein. How-
ever, various shapes and arrangements may be used for the
storage electrode lines 131.
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[0047] The gate lines 121 and the storage electrode lines
131 may be made of an aluminum-based metal such as
aluminum (Al) and an aluminum alloy, a silver-based metal
such as silver (Ag) and a silver alloy, a copper-based metal
such as copper (Cu) and a copper alloy, a molybdenum-
based metal such as molybdenum (Mo) and a molybdenum
alloy, chromium (Cr), tantalum (Ta) or titanium (Ti). How-
ever, the gate lines 121 and the storage electrode lines 131
may be made of various metals or conductive materials.

[0048] In addition, side surfaces of the gate lines 121 and
the storage electrode lines 131 are slanted with respect to a
surface of the substrate 110, and the slant angle is in a range
of about 30° to about 800.

[0049] A gate insulating layer 140 made of a silicon nitride
(SiN,), a silicon oxide (SiO,) or the like is formed on the
gate lines 121 and the storage electrode lines 131.

[0050] A plurality of semiconductor stripes 151 made of
hydrogenated amorphous silicon (abbreviated to a-Si) or
polysilicon are formed on the gate insulating layer 140. The
semiconductor stripes 151 mainly extend in the longitudinal
direction and include a plurality of protrusions 154 that
extend toward the gate electrodes 124. In addition, the
widths of the semiconductor stripes 151 are enlarged at
regions near the gate lines 121 and the storage electrode
lines 131 to cover the entire areas thereof.

[0051] A plurality of line-shaped ohmic contacts 161 and
island-shaped ohmic contacts 165 are formed on the semi-
conductor stripes 151. The ohmic contacts 161 and 165 may
be made of silicide or an n+ hydrogenated amorphous
silicon that is heavily doped with n-type impurities such as
phosphorus (P). The line-shaped ohmic contacts 161 include
a plurality of the protrusions 163. Each pair of a protrusion
163 and an island-shaped ohmic contact member 165 is
disposed on a protrusion 154 of a semiconductor stripe 151.

[0052] Side surfaces of the semiconductor stripes 151 and
the ohmic contacts 161 and 165 are also slanted with respect
to the surface of the substrate 100, and the slant angle is in
a range of about 30° to about 80°.

[0053] Aplurality of data lines 171 and a plurality of drain
electrodes 175 are formed on the ohmic contact members
161 and 165 and the gate insulating layer 140.

[0054] The data lines 171 for transmitting data signals
mainly extend in the longitudinal direction to intersect the
gate lines 121. In addition, the data lines 171 intersect the
storage electrode lines 131 and overlap the storage elec-
trodes 133 and 133b. The data lines 171 include a plurality
of source electrodes 173 that protrude toward the gate
electrodes 124 and end portions 179 that have wide areas for
connection to other layers or external driver circuits. A data
driver circuit (not shown) that generates the data signals may
be mounted on a flexible printed circuit film attached on the
substrate 110. Alternatively, the data driver circuit may be
directly mounted on the substrate 110, or it may be inte-
grated in the substrate 110. In a case where the data driver
circuit is integrated in the substrate 110, the data lines 171
extend to be directly connected to the data driver circuit.

[0055] A drain electrode 175 is separated from a data line
171 and faces a source electrode 173 with a gate electrode
124 interposed therebetween.
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[0056] One gate electrode 124, one source electrode 173,
and one drain electrode 175 together with one protrusion
154 of one semiconductor stripe 151 constitute one thin film
transistor. A channel of the thin film transistor is formed in
the protrusion 154 between the source electrode 173 and the
drain electrode 175.

[0057] Preferably, the data lines 171 and the drain elec-
trodes 175 are made of molybdenum (Mo), a refractory
metal such as chromium (Cr), tantalum (Ta), and titanium
(Ti), or an alloy thereof. The data lines 171 and the drain
electrodes 175 may have a multi-layered structure including
a refractory metal layer (not shown) and a low-resistivity
conductive layer (not shown). However, instead of the
aforementioned materials, the data lines 171 and the drain
electrodes 175 may be made of various metals or conductive
materials.

[0058] Preferably, side surfaces of the data lines 171 and
the drain electrodes 175 are also slanted with respect to the
surface of the substrate 110 at an angle ranging from about
30° to about 80°.

[0059] The ohmic contacts 161 and 165 are interposed
only between the underlying semiconductor stripes 151 and
the overlying data lines 171 and drain electrodes 175, and
have a function of reducing contact resistance therebetween.
Although the widths of the semiconductor stripes 151 are
smaller than those of the data lines 171 in most regions, the
widths of portions where the gate lines 121 and the storage
electrode lines 121 intersect each other are enlarged as
described above. Therefore, the profile of surfaces at the
intersections is smoothed, so that disconnection of the data
lines 171 can be prevented. The semiconductor stripes 151
have exposed portions that are not covered by the data lines
171 and the drain electrodes 175, such as portions disposed
between the source electrodes 173 and the drain electrodes
175.

[0060] A protective layer (passivation layer) 180 is formed
on the data lines 171, the drain electrodes 175, and the
exposed portions of the semiconductor stripes 151. The
protective layer 180 is made of an inorganic insulating
material such as a silicon nitride (SiN,) or a silicon oxide
(810, ), an organic insulating material, and a low-resistivity
insulating material. Preferably, dielectric constants of the
organic and low-resistivity insulating materials are 4.0 or
less. Alternatively, the protective layer 180 may have a
double-layer structure of a lower inorganic layer and an
upper organic layer in order to sustain an excellent insulating
property of the organic layer and to protect the exposed
portions of the semiconductor stripes 151.

[0061] A plurality of contact holes 182 and 185 that
expose end portions of the data lines 171 and the drain
electrodes 175, respectively, are formed on the protective
layer 180. A plurality of contact holes 181 that expose end
portions of the gate lines 121 are formed on the protective
layer 180 and the gate insulating layer 140.

[0062] A plurality of pixel electrodes 190 made of ITO or
170 and a plurality of contact assistants 81 and 82 are
formed on the protective layer 180. Each of the pixel
electrodes 190 includes a transparent electrode 192 made of
ITO or 170, and a reflective electrode 194 made of an
opaque reflective metal such as chromium (Cr) and alumi-
num (Al) formed on the transparent electrode 192. The
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reflective electrode 194 formed on the transparent electrode
192 has a transmitting window 195 that exposes a portion of
the transparent electrode 192.

[0063] The color filter array panel 200 includes reflective
areas RA corresponding to the reflective electrode 194 and
transmissive areas TA corresponding to the transmitting
widows 195.

[0064] Each pixel electrode 190 is physically and electri-
cally connected to a drain electrode 175 through a contact
hole 185 and receives a data voltage applied by a drain
electrode 175. The pixel electrodes 190 applied with the data
voltage together with a common electrode 270 that is
disposed in the color filter array panel 200 (sometimes
referred to as a common electrode panel) and applied with
a common voltage generates an electric field. The electric
field determines alignment of liquid crystal molecules in a
liquid crystal layer (not shown). Each pixel electrode 190
and the common electrode constitute a capacitor (hereinaf-
ter, referred to as a liquid crystal capacitor) that sustains the
applied voltage after the thin film transistor turns off.

[0065] In order to increase voltage storage capacity, a
storage capacitor is provided in parallel to each liquid crystal
capacitor. The storage capacitor is constructed by overlap-
ping a pixel electrode 190 and a storage electrode line 131.
In order to increase storage capacitance, that is, electrostatic
capacitance of the storage capacitor, the drain electrode 175
connected to the pixel electrode 190 is extended and
enlarged to overlap storage electrodes 133a, 1335, and 133¢
provided to the storage electrode line 131, thereby decreas-
ing the distance therebetween and increasing an overlapping
area thereof.

[0066] The contact assistants 81 and 82 are connected to
the end portions 129 of the gate lines 121 and the end
portions 179 through the contact holes 181 and 182, respec-
tively. Therefore, the contact assistants 81 and 82 have a
function of securing adhesiveness of the exposed end por-
tions 129 and 179 of the gate lines 121 and data lines 171 to
external devices, and protecting the end portions 129 and
197.

[0067] Ina casewhere a gate driver circuit is integrated in
the transistor array panel 100, the contact assistants 81 have
a function of connecting metal layers of the gate driver
circuit to the gate lines 121. Similarly, in a case where a data
driver circuit is integrated in the transistor array panel 100,
the contact assistants 82 have a function of connecting metal
layers of the data driver circuit to the data lines 171.

[0068] Now, the color filter array panel 200 (sometimes
referred to as a common electrode panel) will be descried in
detail with reference to FIGS. 2 to 4.

[0069] Light-blocking members 220 are formed on an
insulating substrate 210 made of a transparent glass or
plastic material. The light-blocking members 220 face the
pixel electrodes 190 and have a plurality of openings 225
having the same shape as the pixel electrodes 190. Alterna-
tively, the light-blocking members may have portions cor-
responding to the data lines 171 and portions corresponding
to the thin film transistors.

[0070] Transparent organic layers 235 are formed within
the opernings 225 of the light-blocking members 220. Each
of the transparent organic layers 235 has a shape of a
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rectangular parallelepiped having a longitudinal length W1,
a transverse length W2, and a thickness t.

[0071] In a method of manufacturing a color filter array
panel 200 according to the first embodiment of the present
invention, a plurality of color filters 230 are formed on the
substrate 210 and the transparent organic layers 235 by using
an inkjet printing system. In addition, the color filters 230
are substantially disposed within the openings 225 defined
by the light-blocking members 220. The color filters 230,
which are disposed between the two adjacent data lines 171
and arrayed in the longitudinal direction, may be connected
to each other to constitute a stripe. Each of the color filters

230 represents one of three primary colors of red, green, and
blue.

[0072] An overcoat layer (not shown) made of an organic
material may be formed on the color filters 230 and the
light-blocking members 220 so as to protect the color filters
230 and planarize the surface thereof. The common elec-
trode 270 made of a transparent conductive material is
formed on the color filters 230 and the light-blocking
members 220. The common electrode 270 is applied with
the common voltage.

[0073] A plurality of spacers 320 is formed on the com-
mon electrode. The spacers 320 are preferably made of
insulating material and props the panels 100 and 200 to form
a cell gap therebetween.

[0074] Alignment layers 11 and 12 are coated on inner
surfaces of the panels 100 and 200, respectively. In addition,
polarizing plates 21 and 22 are disposed on outer surfaces of
the panels 100 and 200, respectively. The alignment layers
11 and 12 may be vertical or horizontal alignment layers.

[0075] Transmittance axes of the polarizing plates 21 and
22 are perpendicular to each other, and one of the transmit-
tance axes is parallel to the gate lines 121.

[0076] Phase retardation films (not shown) for compen-
sating for retardation of the liquid crystal layer 3 may be
interposed between the panels 100 and 200 and their polat-
izing plates 21 and 22. The phase retardation films have
birefringence and have a function of inversely compensating
for the birefringence of the liquid crystal layer 3. As the
retardation film, a uniaxial or biaxial optical film may be
used, and a negative uniaxial optical film may be preferable.

[0077] In addition to the polarizing plates 21 and 22 and
the phase retardation films, the LCD includes a backlight
unit 60 for supplying light to the panels 100 and 200 and the
liquid crystal layer 3.

[0078] First light L1 that is generated by the backlight unit
60 passes through the transmissive areas TA and second light
L2 that is externally supplied is reflected by the reflective
areas RA, so that an image is displayed.

[0079] Now, a method of manufacturing the color filter
array panel shown in FIGS. 2 to 4 according to the first
embodiment of the present invention will be described in
detail with reference to FIGS. 6A to 6C.

[0080] FIGS. 6A and 6C are cross-sectional views show-
ing a series of steps of the method of manufacturing the
color filter array panel according to the first embodiment of
the present invention.
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[0081] As shownin FIG. 6A, light-blocking members 220
(collectively referred to as a black matrix) are formed on an
insulating substrate 210 made of a transparent glass or
plastic material.

[0082] The light-blocking members 220 are formed by
depositing a metal film such as a chromium film on a plastic
insulating substrate 210 with a vacuum-deposition process,
coating a photosensitive resin on the metal film, patterning
the resulting product with a photolithography process, and
etching the photosensitive film using the chromium film as
an etch mask. Alternatively, the light-blocking members 220
may be formed by depositing a polymer resin solution on an
insulating layer 210 and performing a spin-coating process
on the resulting product. In addition, the light-blocking
members 220 may be formed by using various other well-
known processes. The light-blocking members have a func-
tion of preventing light from leaking between adjacent
pixels to improve luminance, and they serve as partition
walls for enclosing ink for the color filters during the
formation of the color filters.

[0083] The transparent organic layers 235 are formed on
the same layer as a layer on which the light-blocking
members 220 are formed. The transparent organic layers 235
formed within the openings 225 of the light-blocking mem-
bers 220 are provided in order to compensate for a difference
of color tones of the transmissive and reflective areas TA and
RA.

[0084] Now, compensation for a difference of color tones
of the transmissive and reflective areas TA and RA will be
described in detail with reference to FIG. 4.

[0085] The second light L2 that is incident on the reflec-
tive area RA passes through the color filter 230 and is
reflected by the reflective electrode 194, and the reflected
light passes through the color filter 230 and emits outwardly.
Therefore, the second light .2 passes through the color filter
23 twice. On the other hand, the first light L1 that is incident
on the transmissive area TA passes through the color filter
only once and emits outwardly.

[0086] Since the second light L2 that is reflected by the
reflective area RA passes through the color filter 230 twice,
the luminance of the second light L2 decreases in compari-
son to the first light L1 that passes through the color filter
230 once. On the other hand, since the second light 1.2
undergoes filtering twice, the chromaticity thereof increases
in comparison to the first light L1. As a result, a difference
of color tones between the first and second lights .1 and .2
passing through the reflective and transmissive areas RA and
TA occurs.

[0087] In order to prevent the difference of color tones
(chromaticity and luminance), the transparent organic layers
235 are formed on the reflective areas RA. The transparent
organic layers 235 formed on the reflective areas RA
increase the luminance of the second light L2 passing
through the reflective areas RA. Since a larger amount of
translucent white color is further included in the second light
L2, the chromaticity thereof decreases. As a result, it is
possible to compensate for the difference of color tones
between the reflective and transmissive areas RA and TA.

[0088] In this case, the color tones of the reflective areas
RA can be controlled by adjusting areas and thicknesses t of
the transparent organic layers 235. Preferably, the area of
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each transparent organic layer 235 is controlled to be 1% to
90% of the area of each reflective area RA by adjusting the
transverse and longitudinal lengths W1 and W2 of each
transparent organic layer 235

[0089] Next, as shown in FIG. 6B, the color filters 230 are
formed within the openings defined by the light-blocking
members 220 by using an inkjet printing system. More
specifically, when the inkjet head 400 has been carried to the
positions corresponding to the openings 225, the ink 5, that
is, liquid pigment pastes, corresponding to the colors of the
red, green, and blue color filters is sprayed through nozzles
410 of the inkjet head 400 to fill the openings 225, so that
the color filters 230 are completed.

[0090] In this case, some portion of the ink 5 that is
sprayed into regions where the transparent organic layers
235 are to be formed can naturally flow into regions of the
openings 225 where the transparent organic layers 235 are
not formed. As a result, it is possible to planarize the regions
where the transparent organic layers 235 are formed and the
regions where the transparent organic layers 235 are not
formed.

[0091] Tt is preferable that the transparent organic layers
235 and the ink 5 are made of materials with a hydrophilic
type of characteristic, and that the light-blocking members
220 are made of a material with a hydrophobic type of
characteristic. This is because the sprayed ink 5 needs to
have wettability (or a spreading property) with respect to the
transparent organic layers 235 and the substrate 210, but not
with the light-blocking members 220.

[0092] Ingeneral, a material on which water easily spreads
is called a hydrophilic material, and a material on which
water does not easily spread is called a hydrophobic mate-
rial.

[0093] When the color filters are formed by the inkjet
printing system, the ink 5 is required to easily spread so as
to be planarized. Therefore, preferably, the ink 5 is made of
materials with a hydrophilic type of characteristic. In addi-
tion, in order to easily planarize the color filters 230 formed
on the transparent organic layers 235, it is preferable that the
transparent organic layers 235 are also made of materials
with a hydrophilic type of characteristic.

[0094] In addition, when the color filters 230 are formed
by using the inkjet printing system, the amount of ink 5 that
is sprayed is larger than a volume defined by the light-
blocking members 220. This is because the ink 5 contains
about 50% to about 80% solvent that is evaporated during a
drying process, and pigment paste and transparent resin
contained in the ink 5 remain as a layer. If the light-blocking
members 220 were made of a material with a hydrophilic
type of characteristic, a large amount of the ink 5 would
overflow into other pixel regions. So in order to prevent the
overflow of the ink 5, the light-blocking members 220 are
made of a material with a hydrophobic type of characteristic,
which causes the ink 5 to form a meniscus before it is dried.

[0095] Each of the color filters 230 represents one of the
primary colors of red, green, and blue. The color filters 230
that are disposed between two adjacent data lines 171 and
arrayed in the longitudinal direction may be connected to
each other to constitute a single stripe.

[0096] Next, as shown in FIG. 6C, a common electrode
270 is formed on the planarized color filters 230 and the
light-blocking member 220.
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[0097] Now, an inkjet printing system for forming the
color filters in the method of manufacturing the color filter
array panel according to the first embodiment of the present
invention will be described with reference to FIGS. 7 to 9.

[0098] FIG. 7 is a perspective view showing an inkjet
printing system for forming color filters in the method of
manufacturing the color filter array panel according to the
first embodiment of the present invention. FIG. 8 is a bottom
view showing a head unit 700 of the inkjet printing system,
and FIG. 9 is a schematic view for explaining a method of
forming the color filters 230 by using an inkjet head 400.

[0099] As shown in FIGS. 7 to 9, the inkjet printing
system used for the method of manufacturing the color
filters according to the first embodiment of the present
invention includes a stage 500 on which the substrate 210 is
mounted, and a head unit 700 that is separated by a prede-
termined interval from the stage 500.

[0100] Preferably, the head unit 700 includes an inkjet
head 400 and a sensor (not shown) for adjusting a position
of the inkjet head 400. The inkjet head 400 has a shape of
a long bar and includes a plurality of nozzles #1, #2, . . .,
and #n (410) that are disposed on a bottom surface thereof.

[0101] The head unit 700 sprays ink 5 for the color filters
through at least one of the nozzles 410 onto the substrate
210. A carrying unit 300 connected to the head unit 700
carries the head unit 700 to a predetermined position.

[0102] The carrying unit 300 includes a supporting portion
330 for supporting the head unit 700 above the substrate 210
such that the head unit 700 can be separated by a predeter-
mined interval from the substrate 210, a horizontal carrying
portion 310 for carrying the head unit 700 in the X or Y
direction, and a lifting portion 340 for moving the head unit
700 upwardly or downwardly.

[0103] In order to form the color filters 230 on the sub-
strate 210 mounted on the stage 500, the head unit 700 is
carried in the X direction by the carrying unit 300, and the
ink 5 is sprayed through the nozzles 410 of the inkjet head
400. The spraying of the ink 5 to the predetermined positions
of the substrate 210 forms the color filters 230 between the
light-blocking members 220 of the black matrix.

[0104] The inkjet head 400 is designed to be slanted with
respect to the Y direction by a predetermined angle 8. A
nozzle pitch D, which is a distance between adjacent nozzles
of the inkjet head., is different from a pixel pitch P, which is
a distance between adjacent pixels that are to be printed.
Therefore, as described above, the inkjet head 400 is
designed to rotate by the predetermined angle 6, so that a
distance between adjacent positions at which the ink 5 is
sprayed through the adjacent nozzles 410 can be equal to the
pixel pitch P.

[0105] Now, an LCD according to the second embodiment
of the present invention will be described in detail with
reference to the cross-sectional view of FIG. 10.

[0106] As shown in FIG. 10, the LCD according to the
second embodiment is different from the LCD shown in
FIG. 4 according to the first embodiment in that convex-
shaped members 235a are formed on surfaces of the trans-
parent organic layers 235.

[0107] According to the second embodiment, after the ink
5 for the color filters 230 is sprayed by using the inkjet
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printing system, the ink 5 can easily flow over the substrate
210 without remaining on the transparent organic layers 235,
so that the color filters 230 can be planarized.

[0108] When the transparent organic layers 235 have a flat
surface, the ink 5 may tend to puddle more on the transparent
organic layers 235, so the levels of the color filters 230
formed on the transparent organic layers 235 may be higher
than the levels of the color filters 230 formed on regions
where the transparent organic layers are not provided. In
order to prevent occurrence of the level difference, the
convex-shaped members 2354 are formed on the transparent
organic layers 235 so as to allow the ink 5 to easily flow
down from the transparent organic layers 235.

[0109] Now,an LCD according to the third embodiment of
the present invention will be described in detail with refer-
ence to the cross-sectional view of FIG. 11.

[0110] As shown in FIG. 11, in the LCD according to the
third embodiment of the present invention, light-blocking
members 220 and transparent organic layers 235 are formed
on a substrate 210, and a first common electrode 271 is
formed on the substrate 210, the light-blocking members
220, and the transparent organic layers 235.

[0111] By using an inkjet printing system, color filters 230
are formed within openings 225 between the light-blocking
members 220. Some portions of the first common electrode
271 corresponding to the openings 225 are covered with the
color filters 230, and other portions of the first common
electrode 271 are not covered with the color filters 230.

[0112] A second common electrode 272 is formed on the
color filters 230 and the exposed portions of the first
common electrode 271. Portions 272a are cut from regions
of the second common electrode 272, exposing the color
filters 230 corresponding to the transparent organic layers
235.

[0113] Accordingly, a distance d1 between the common
electrode 270 and the pixel electrode 190 in the transmissive
area TA is different from a distance d2 between the common
electrode 270 and the pixel electrode 190 in the reflective
area RA. In the transmissive area TA, since the second
common electrode 272 is closest to the pixel electrode 190,
the pixel voltage can be determined by the second common
electrode 272 and the pixel electrode 190. On the other hand,
in the reflective area RA, since the first common electrode
271 is closest to the pixel electrode 190, the pixel voltage
can be determined by the first common electrode 271 and the
pixel electrode 190.

[0114] As such, different voltages are applied to the trans-
missive and reflective areas TA and RA by using step
differences of the transparent organic layers 235 formed in
the reflective area RA, so that it is possible to compensate for
a difference in optical characteristics of the liquid crystal
molecules in the transmissive and reflective areas TA and
RA in the transflective LCD. In other words, unlike the first
light L1 generated by the backlight unit 60, the second light
L2 from the reflective area RA undergoes phase retardation
caused by the liquid crystal layer 3 twice, so that a difference
of the phase retardation between the transmissive and reflec-
tive areas TA and RA occurs. The problem with the occur-
rence of the difference of phase retardation can be solved by
applying different voltages to the transmissive and reflective
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areas TA and RA, so that it is possible to obtain uniform
phase retardation in the transmissive and reflective areas TA
and RA.

[0115] Foracolor filter array panel, a liquid crystal display
having the color filter array panel, and a method of manu-
facturing the color filter array panel according to the
embodiments of the present invention, it is possible to
planarize the color filters and improve color characteristics
of a reflective area by forming the color filters using an
inkjet printing system.

[0116] Although exemplary embodiments and modified
examples of the present invention have been described
herein, the present invention is not limited thereto, and may
be modified in various forms without departing from the
scope of the appended claims, the detailed description, and
the accompanying drawings of the present invention. There-
fore, it is natural that such modifications belong to the scope
of the present invention.

What is claimed is:
1. A color filter array panel comprising:

a substrate;

light-blocking members that are disposed on the substrate
and that have a plurality of openings;

transparent organic layers that are formed on the substrate
and within the plurality of openings of the light-
blocking members;

color filters that are disposed on the substrate within the
plurality of openings and on the transparent organic
layers; and

a common electrode that is disposed on the color filters
and the light-blocking members,

wherein the surface of the color filters is level with the

surface of the light-blocking members.

2. The color filter array panel of claim 1, wherein convex-
shaped members are disposed on the transparent organic
layers.

3. The color filter array panel of claim 1, wherein the
transparent organic layers and the color filters are made of
materials that have a hydrophilic type of characteristic, and
the light-blocking members are made of a material that has
a hydrophobic type of characteristic.

4. A liquid crystal display comprising:

a transistor array panel on which transparent electrodes
and reflective electrodes are disposed,

a color filter array panel comprising a substrate, light-
blocking members that are disposed on the substrate
and that have a plurality of openings, transparent
organic layers that are formed on the substrate and
within the plurality of openings, color filters that are
disposed on the substrate within the plurality of open-
ings and on the transparent organic layers, and a
common electrode that is disposed on the color filters
and the light-blocking members, wherein the surface of
the color filters is level with the surface of the light-
blocking members; and

a liquid crystal layer interposed between the transistor
array panel and the color filter array panel,
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wherein the transparent organic layers are disposed at

positions corresponding to the reflective electrodes.

5. The liquid crystal display of claim 4, wherein the area
of each transparent organic layer is 1% to 90% of the area
of each reflective electrode.

6. A method of manufacturing a color filter array panel,
comprising:

forming light-blocking members having a plurality of
openings on a substrate;

forming transparent organic layers within the plurality of
openings;

forming color filters by spraying ink for the color filters in
the plurality of openings; and

forming a common electrode on the color filters and the

light-blocking members.

7. The method of claim 6, wherein the ink for the color
filters is sprayed by using a plurality of nozzles of an inkjet
head.

8. The method of claim 6, wherein the nozzles are
disposed on a bottom surface of the inkjet head.

9. The method of claim 6, wherein a distance between
adjacent positions at which the ink is sprayed through
adjacent nozzles is controlled to be equal to a pixel pitch of
the substrate by adjusting a slant angle of the inkjet head.

10. The method of claim 6, wherein convex-shaped mem-
bers are formed on the transparent organic layers.

11. A color filter array panel comprising:

a substrate;

light-blocking members that are disposed on the substrate
and that have a plurality of openings;

transparent organic layers that are formed on the substrate
and within the plurality of openings;

a first common electrode that is disposed on the substrate,
the transparent organic layers, and the light-blocking
members;

color filters that are disposed on the first common elec-
trode within the plurality of openings; and

a second common electrode that is disposed on the color
filters and the light-blocking members,

wherein the surface of the color filters is level with the

surface of the light-blocking members.

12. The color filter array panel of claim 11, wherein the
second common electrode has cut portions that are formed
at positions corresponding to the transparent organic layers.

13. The color filter array panel of claim 11, wherein the
transparent organic layers and the color filters are made of
a material that has a hydrophilic type of characteristic, and
the light-blocking members are made of a material that has
a hydrophobic type of characteristic.

14. A liquid crystal display comprising:

a transistor array panel on which transparent electrodes
and reflective electrodes are disposed,
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a color filter array panel comprising a substrate, light-
blocking members that are disposed on the substrate
and have a plurality of openings, transparent organic
layers that are formed on the substrate and within the
plurality of openings, a first common electrode that is
disposed on the substrate, the transparent organic lay-
ers, and the light-blocking members, color filters that
are disposed on the first common electrode within the
plurality of openings, and a second common electrode
that is disposed on the color filters and the light-
blocking members, wherein the surface of the color
filters is level with the surface of the light-blocking
members; and

a liquid crystal layer interposed between the transistor
array panel and the color filter array panel,

wherein the transparent organic layers are disposed at

positions corresponding to the reflective electrodes.

15. The liquid crystal display of claim 14, wherein the
second common electrode has cut portions that are formed
at positions corresponding to the transparent organic layers.

16. The liquid crystal display of claim 14, wherein the
area of each transparent organic layer is 1% to 90% of the
area of each reflective electrode.

17. The liquid crystal display of claim 14, wherein a
distance between the reflective electrodes and the first
common electrode disposed on the transparent organic lay-
ers is larger than a distance between the transparent elec-
trodes and the second common electrode.

18. A method of manufacturing a color filter array panel,
comprising:

forming light-blocking members having a plurality of
openings on a substrate;

forming transparent organic layers within the plurality of
openings;

forming a first common electrode on the substrate, the
transparent organic layers, and the light-blocking mem-
bers;

forming color filters by spraying ink for the color filters on
the first common electrode within the openings; and

forming a second common electrode on the color filters
and the light-blocking members,

wherein the surface of the color filters is level with the

surface of the light-blocking members.

19. The method of claim 18, wherein the ink for the color
filters is sprayed by using a plurality of nozzles of an inkjet
head.

20. The method of claim 18, wherein the nozzles are
disposed on a bottom surface of the inkjet head.

21. The method of claim 18, wherein a distance between
adjacent positions at which the ink is sprayed through
adjacent nozzles is controlled to be equal to a pixel pitch on
the substrate by adjusting a slant angle of the inkjet head.
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