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(57) ABSTRACT

Disclosed is a color filter on transistor (COT) type liquid
crystal display device that may include red, green, blue and
white pixels on a substrate; red, green and blue color filters in
the red green and blue pixels, respectively, and a white pattern
in the white pixel; a planarization layer on the red, green and
blue color filters; and a column spacer on the planarization
layer, wherein the column spacer and the white pattern are
made of the substantially same material.
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COT TYPE LIQUID CRYSTAL DISPLAY
DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0168767, filed on Dec. 31, 2013,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Disclosure

[0003] The present invention relates to a liquid crystal dis-
play device (LCD), and more particularly, to a color filter on
transistor (COT) type LCD and method of manufacturing the
same.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display devices (LCDs), which are
advantageous in displaying moving images, have high con-
trast ratio and thus have been actively used for TVs or moni-
tors. LCDs display images using optical anisotropy and polar-
ization of liquid crystal.

[0006] An LCD uses a liquid crystal panel as a main com-
ponent, which includes upper and lower substrates facing
each other with a liquid crystal layer therebetween. Differ-
ence in transmittance is realized by changing alignment
direction of liquid crystal molecules according to an electric
field induced in the liquid crystal panel.

[0007] Recently, a color filter on transistor (COT) type
LCD, which has both thin film transistors (TFTs) and color
filters on the same substrate, has been used due to its advan-
tage of reducing an alignment margin of the upper and lower
substrates, which can thus increase the aperture ratio.

[0008] A COT-type LCD according to the related art
includes a first substrate on which TFTs, color filters, pixel
electrodes and a first alignment layer are formed, a second
substrate coupled to the first substrate using a sealant on
which common electrodes and a second alignment layer are
formed, a liquid crystal layer between the first and second
substrates, and black column spacers for maintaining a gap
between the first and second substrates.

[0009] The COT-type LCD may include four color filters
1.e., red, green, blue and white color filters in order to increase
transmittance.

[0010] However, because the COT-type LCD has the white
color filter, the number of mask processes to manufacture the
COT-type LCD increases. Accordingly, the number of pro-
duction processes increases, production cost increases, and
thus productivity is reduced. Further, there is a problem in that
the black resin used for the black column spacer is expensive.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to a
color filter on transistor (COT) type liquid crystal display
device (LCD) and method of manufacturing the same that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0012] An advantage of the present invention is to provide
aCOT-type LCD that can reduce production cost and improve
productivity.

[0013] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
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ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0014] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, a color filter on transistor
(COT) type liquid crystal display device may, for example,
include red, green, blue and white pixels on a substrate; red,
green and blue color filters in the red green and blue pixels,
respectively, and a white pattern in the white pixel; a pla-
narization layer on the red, green and blue color filters; and a
column spacer on the planarization layer, wherein the column
spacer and the white pattern are made of the substantially
same material.

[0015] In another aspect, a method of manufacturing a
color filter on transistor (COT) type liquid crystal display
device may, for example, include forming a thin film transis-
tor on a first substrate, the thin film transistor including a gate
electrode, an active layer and source and drain electrodes;
forming a passivation layer on the thin film transistor; form-
ing red, green and blue color filters on the passivation layer in
respective pixel regions; forming a planarization layer on the
red, green and blue color filters; forming a white pattern hole
in the planarization layer; coating an organic material over the
substrate having the planarization layer including the white
pattern hole; forming a column spacer and a white pattern by
patterning the organic material; and forming a pixel electrode
electrically connected to the drain electrode.

[0016] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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 invention. In
the drawings:

[0018] FIG. 1 is a cross-sectional view illustrating a color
filter on transistor (COT) type liquid crystal display device
(LCD) according to an embodiment of the present invention;
and

[0019] FIGS. 2A to 2G are cross-sectional views illustrat-
ing a method of manufacturing a COT-type LCD according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0020] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0021] FIG. 1 is a cross-sectional view illustrating a color
filter on transistor (COT) type liquid crystal display device
(LCD) according to an embodiment of the present invention.

[0022] Referring to FIG. 1, the COT-type LCD includes a
first substrate 100 on which a TFT T and a color filter layer on
the TFT are formed, a second substrate 190 on which a com-
mon electrode 197 is formed, and a liquid crystal layer 160
between the first and second substrates 100 and 190.
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[0023] A plurality of gate lines (not shown) and a plurality
of data lines 116 are formed to define a plurality of pixel
regions P on an inner surface of the first substrate 100, and the
TFTT is formed near the crossing portion of the gate line and
the data line 116. The TFT T includes a gate electrode 102, a
semiconductor layer 108, and source and drain electrodes 112
and 114.

[0024] A gate insulating layer 106 is formed on the gate
electrode 102 and the gate line. A passivation layer 118 is
formed on the TFT T to protect the TFT T.

[0025] Color filter patterns are formed in the respective
pixel regions P. In other words, blue (B), red (R), green (G)
and white (W) color filter patterns 122a, 1225, 122¢ and 124
are formed in the respective pixel regions P. The white color
filter pattern 124 is referred to as a white pattern.

[0026] The white pattern 124 may be formed at the same
layer as the blue, red and green color filter patterns 122q, 1225
and 122¢. The white pattern 124, which emits a white light, is
used to improve the transmittance the COT-type LCD.
[0027] The blue, red and green color filter patterns 1224,
122b, 122¢ and the white pattern 124 may be arranged in a
stripe type along a column direction.

[0028] At least two color filter patterns are stacked on the
TFT T to shield the semiconductor layer 108 from light. In
other words, the at least two color filter patterns on the TFT T
function as a black matrix to reduce or prevent degradation
the TFT T due to the light entering the semiconductor layer
108.

[0029] A planarization layer 126 is formed on the blue, red
and green color filter patterns 122a, 1225 and 122¢ to pla-
narize surfaces over the blue, red and green color filter pat-
terns 122a, 1226 and 122c.

[0030] A pixel electrode 130 is formed on the planarization
layer 126 or the white pattern 124 in each pixel region P and
1s electrically connected to the drain electrode 114.

[0031] The white pattern 124 has its top surface at substan-
tially the same level as a top surface of the planarization layer
126. In other words, the white pattern 124 and the planariza-
tion layer 126 have the substantially same height from the first
substrate 100.

[0032] A column spacer 150 is formed over the TFT T to
maintain a cell gap between the first and second substrates
100 and 190.

[0033] The column spacer 150 may be formed of the same
material as the white pattern 124, and in the same process of
forming the white pattern 124. For example, the column
spacer 150 and the white pattern 124 may be made of an
organic material including acryl resin that is transparent.
[0034] Because the column spacer 150 and the white pat-
tern 124 are formed in the same process, a number of mask
processes can be reduced in manufacturing a COT-type LCD
according to an embodiment of the present invention.

[0035] The column spacer 150 and the white pattern 124
may be photosensitive, and the can be patterned through light
exposure.

[0036] The column spacer 150 has a first thickness 11 to
maintain a cell gap between the first and second substrates
100 and 190. The first thickness 11 may be about 3 um or less,
for example, 2.4 pm.

[0037] The white pattern 124 has a second thickness 12,
which is substantially equal to a total thickness of the pla-
narization layer 126 and the blue, red or green color filter
122a, 1225 or 122¢ below the planarization layer 126, to
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maintain the cell gap. The second thickness 12 may be about
4 um or less, for example, 3.7 pm.

[0038] Each of the blue, red and green color filters 122a,
1225 and 122¢ in the respective pixel regions P may have a
third thickness 13 of 3 um or less, for example, 2.3 pm.
[0039] An upper layer out of the at least two layers over-
lapping each other on the TFT T to shield the semiconductor
layer 108 has a fourth thickness 14. The fourth thickness 14 is
about 2 um or less, for example, 1.4 um.

[0040] As described above, the column spacer 150 and the
white pattern 124 are formed in the same process i.e., the
same mask process, thus a number of mask processes can be
reduced and productivity can be improved.

[0041] Further, because the column spacer 150 may be
made of the same material as the white pattern 124, which is
relatively inexpensive, production cost can also be reduced
compared with the LCD according to the related art, which
uses an expensive black column spacer.

[0042] A method of manufacturing a COT-type LCD
according to an embodiment of the present invention is now
be described with reference to FIGS. 2A to 2G.

[0043] FIGS. 2A to 2G are cross-sectional views illustrat-
ing a method of manufacturing a COT-type LCD according to
an embodiment of the present invention. For brevity, the
green color filter formed in the same manner as the blue and
red color filters is omitted.

[0044] Referring to FIG. 2A, the TFT T, the gate line, and
the data line 116 are formed on the first substrate 100. The
TFT T includes the gate electrode 102, the semiconductor
layer 108, and the source and drain electrodes 112 and 114.
[0045] The gate electrode 102 and the gate line may be
formed by depositing a conductive material having low resis-
tance and being opaque such as Al, Al alloy, W, Cu, Ni, Cr,
Mo, Ti, Pt or Ta, or a transparent conductive material such as
ITO or I1Z0 on the first substrate 100 and then patterning the
deposited material in a mask process.

[0046] Then, the gate insulating layer 106 is formed on the
gate electrode 102 and the gate line. The semiconductor layer
108, and the source and drain electrodes 112 and 114 are
formed on the gate insulating layer 106. The data line 116 is
formed in the same process of forming the source and drain
electrodes 112 and 114.

[0047] The source and drain electrodes 112 and 114, and
the data line 116 may be formed by depositing a metal such as
Al, Cu, Ni, Cr, Ti, Pt, Ta, Ti alloy, Mo or Mo alloy on the first
substrate 100 and patterning the deposited material in a mask
process.

[0048] The passivation layer 118 is formed on the first
substrate 100 having the source and drain electrodes 112 and
114.

[0049] Referring to FIG. 2B, the blue, red and green color
filters 122a, 1225 and 122¢ are then formed.

[0050] Theblue, red and green color filters 1224, 1225 and
122¢ are formed in the respective mask processes. The blue,
red and green color filters 122a, 1225 and 122¢ each have a
thickness of about 3 um or less. For example, the thickness of
each of the blue, red and green color filters 1224, 1225 and
122¢ is about 2.3 pum.

[0051] At least two color filters, for example, the blue and
red color filters 122a and 1225 overlap each other on the TET
T, and the upper color filter of the at least two color filters, for
example, the blue color filter 122a extending over the TFT T
of the neighboring pixel region P has about 2 um or less, for
example, about 1.4 um.
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[0052] Although not shown in the drawings, one of the
blue, red and green color filters 1224, 1225 and 122¢ overlaps
the other one of the blue, red and green color filters 122aq,
1225 and 122¢ on the TFT T of the neighboring pixel region
P.

[0053] Referring to FIG. 2C, the planarization layer 126 is
then formed on the blue, red and green color filters 122a, 1225
and 122¢.

[0054] The planarization layer 126 and the passivation
layer 118 are patterned in a mask process to form a drain
contact hole 114a exposing the drain electrode 114, and to
form a white pattern hole 1264 in the white pixel region. The
white pattern hole 1264 in the white pixel region is later filled
with the white pattern 124.

[0055] Referring to FIG. 2D, an organic material, for
example, an acryl resin is then coated on the first substrate 100
having the planarization layer 126.

[0056] In this case, the organic material 140 is in a liquid
state so that it flows from a higher level to a lower level.
Accordingly, the organic material 140 is coated all over the
first substrate 100 filling the drain contact hole 114a and the
white pattern hole 126a.

[0057] The organic material 140 is photosensitive. Accord-
ingly, a photo mask 145 is positioned over the first substrate
100, and then a light exposure process and a developing
process forthe organic material 140 are conducted. The photo
mask 145 includes a transmissive portion TA, a semi-trans-
missive portion SA, and a blocking portion BA. The trans-
missve portion TA corresponds to the blue, red and green
pixel regions, the semi-transmissive portion SA corresponds
to the white pattern hole 1264, and the blocking portion
corresponds to the TFT T.

[0058] Referring to FIG. 2E, the organic material 140 is
then patterned to form the column spacer 150 and the white
pattern 124 simultaneously. The column spacer 150 is formed
over the TFT T, and the white pattern 124 is formed in the
white pattern hole 126a4.

[0059] The column spacer 150 has a thickness of about 3
pm or less, for example, about 2.4 um. The white pattern 124
has a thickness of about 4 um or less, for example, 3.7 pm.
[0060] Because the column spacer 150 and the white pat-
tern 124 are formed in the same mask process, a number of
mask processes can be reduced, and thus productivity can be
improved.

[0061] Referring to FIG. 2F, the pixel electrode 130 is
formed in each pixel region P and on the planarization layer
126 and the white pattern 124. The pixel electrode 130 is
electrically connected to the drain electrode 114 through the
drain contact hole 114a.

[0062] Referring to FIG. 2G, the second substrate 190 hav-
ing a common electrode 197 thereon is then attached to the
first substrate 100.

[0063] Theliquid crystal layer 160 is provided between the
first and second substrates 100 and 190.

[0064] Through the above-described processes, the COT-
type LCD is manufactured.

[0065] Intheabove COT-type LCD, atleasttwo ofthe blue,
red and green color filters 122a, 1225 and 122¢ are stacked
and overlap each other on the TFT T, and thus functions as a
black matrix to shield the semiconductor layer from light.
[0066] Further, the column spacer 150 and the white pattern
124 are formed in the same mask process. Accordingly, a
number of mask processes can be reduced, and thus produc-
tion cost can be reduced and productivity can be improved.
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[0067] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A color filter on transistor (COT) type liquid crystal
display device, comprising:

red, green, blue and white pixels on a substrate;

red, green and blue color filters in the red green and blue

pixels, respectively, and a white pattern in the white
pixel;

aplanarization layer on the red, green and blue color filters;

and

a column spacer on the planarization layer,

wherein the column spacer and the white pattern are made

of the substantially same material.

2. The device of claim 1, wherein the column spacer has a
first thickness, and the white pattern has a second thickness
greater than the first thickness.

3. The device of claim 1, wherein at least two of the red,
green and blue color filters are stacked overlapping each other
partially in a pixel region.

4. The device of claim 3, wherein the at least two of the red,
green and blue color filters covers a portion of a semiconduc-
tor layer of a thin film transistor of the pixel region, and
wherein the portion of the semiconductor is between source
and drain electrodes of the thin film transistor.

5. The device of claim 1, wherein the column spacer has a
first thickness of about 3 pm or less, and the white pattern has
a second thickness of about 4 um or less.

6. The device of claim 4, wherein each of the red, green and
blue color filters has a third thickness of about 3 pm or less,
and wherein an upper layer of the at least two of the red, green
and blue color filters has a fourth thickness of about 2 um or
less.

7. The device of claim 1, wherein the column spacer and the
white pattern are made of an organic material.

8. A method of manufacturing a color filter on transistor
(COT) type liquid crystal display device, comprising;

forming a thin film transistor on a first substrate, the thin

film transistor including a gate electrode, an active layer
and source and drain electrodes;

forming a passivation layer on the thin film transistor;

forming red, green and blue color filters on the passivation

layer in respective pixel regions;

forming a planarization layer on the red, green and blue

color filters;

forming a white pattern hole in the planarization layer;

forming an organic material over the substrate having the

planarization layer including the white pattern hole;
forming a column spacer and a white pattern by patterning
the organic material; and

forming a pixel electrode electrically connected to the

drain electrode.

9. The method of claim 8, wherein the column spacer has a
first thickness and the white pattern has a second thickness
greater than the first thickness.

10. The method of claim 9, wherein the first thickness is
about 3 um or less, and the second thickness is about 4 pm or
less.
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11. The method of claim 8, wherein each of the red, green
and blue color filters has a third thickness of about 3 um or
less.

12. The method of claim 8, wherein the organic material is
photosensitive, and the column spacer and the white pattern
are simultaneously formed by irradiating a light onto the
organic material.
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