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(57) ABSTRACT 

A re?ection-transmission LCD includes substrates arranged 
opposite to each other, a color ?lter layer formed on at least 
one of the substrates, a hole formed in that color ?lter layer 
to substantially minimize diiTerences in color reproducibility 
between re?ective mode operation and transmission mode 
operation, a planariZation layer formed on a ?rst of the 
substrates and including a ?rst insulating layer formed on 
the color ?lter layer that covers the at least one hole and a 
second insulating layer formed on the ?rst insulating layer 
for substantially planariZing step diiTerences due to the hole 
formed in the at least one color ?lter layer a common 
electrode formed on the second insulating layer, liquid 
crystal material arranged between the ?rst substrate and the 
second substrate, a gate insulating layer formed on the 
second substrate, and a third insulating layer formed on the 
gate insulating layer. 
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COLOR FILTER SUBSTRATE AND LIQUID 
CRYSTAL DISPLAY APPARATUS HAVING THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a divisional application of co-pending US. 
application Ser. No. 10/795,515, ?led on Mar. 9, 2004, the 
disclosure of Which is incorporated by reference herein in its 
entirety, and Which, in turn, claims foreign priority under 35 
U.S.C. § 119 to Korean Patent Application No. 2003-53263, 
?led on Jul. 31, 2003, 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 disclosure relates to a color ?lter 
substrate and a liquid crystal display (LCD) apparatus 
having the same, and more particularly to a color ?lter 
substrate capable of improving display properties. 
[0004] 2. Description of the Related Art 

[0005] A re?ection-transmission type liquid crystal dis 
play (LCD) apparatus is capable of displaying an image in 
a re?ection mode or in a transmission mode. For example, 
the image may be displayed in re?ection mode When exter 
nal light is su?icient to display the image and the image may 
be displayed in transmission mode When the external light is 
insufficient to display the image, for example, using gener 
ated internal light in the display of the image. 

[0006] The re?ection-transmission type LCD apparatus, 
generally, includes an LCD panel having an array substrate, 
a color ?lter substrate facing the array substrate, and liquid 
crystal material interposed betWeen the array substrate and 
color ?lter substrate. 

[0007] The array substrate includes a transmission elec 
trode and a re?ection electrode. The transmission electrode 
includes a re?ection area on Which the re?ection electrode is 
formed and a transmission area on Which the re?ection 
electrode is not formed. The color ?lter substrate includes a 
color ?lter having red, green, and blue (RGB) color pixels 
and a common electrode coupled to the array substrate. 

[0008] When the re?ection-transmission type LCD appa 
ratus operates in the re?ection mode external light goes 
through a ?rst pathWay sequentially passing through the 
color ?lter, common electrode, liquid crystal, re?ection 
electrode, liquid crystal, common electrode, and color ?lter. 
When the re?ection-transmission type LCD apparatus oper 
ates in the transmission mode, the internal light goes through 
a second pathWay sequentially passing through the pixel 
electrode liquid crystal, common electrode, and color ?lter. 

[0009] Color reproducibility of the displayed image in the 
re?ection mode may be different from the color reproduc 
ibility of the displayed image in the transmission mode. This 
is due to external light in the re?ection mode passing 
through the color ?lter tWice and internal light in the 
transmission mode passes through the color ?lter only once. 
Also, different colorants may render each of the color pixels 
have different color visibility and brightness. 

[0010] The difference of color visibility and color repro 
ducibility betWeen the re?ection mode and the transmission 
mode deteriorate the display quality of the re?ection-trans 
mission type. 
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SUMMARY OF THE INVENTION 

[0011] Accordingly, the present disclosure is directed 
toWards a color ?lter substrate and liquid crystal display 
apparatus having the same that substantially obviates one or 
more of the problems due to limitations and disadvantages 
of the related art. 

[0012] The present disclosure enables re?ection-transmis 
sion LCD apparatus to shoW improved display qualities. The 
present disclosure also substantially minimiZes differences 
in color visibility, brightness, and/or reproducibility betWeen 
re?ection mode and transmission mode. 

[0013] Additional aspects of the disclosure 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 disclosure. The objectives and other advantages of the 
disclosure Will be realiZed and attained by the structure 
particularly pointed out in the Written description and claims 
hereof as Well as the appended draWings. 

[0014] The present disclosure discloses a re?ection-trans 
mission LCD that reduces di?ferences in color reproducibil 
ity betWeen re?ective mode operation and transmission 
mode operation, Which comprises at least one element 
formed in a color ?lter layer to substantially minimiZe 
differences in the color reproducibility betWeen the re?ec 
tive mode operation and the transmission mode operation of 
the re?ection-transmission LCD. 

[0015] The present disclosure also discloses a re?ection 
transmission LCD, comprising a ?rst substrate and a second 
substrate arranged opposite the ?rst substrate. A red (R), 
green (G), and blue (B) color ?lter layer is formed on the 
?rst substrate. A planariZation layer is formed on the ?rst 
substrate and at least one hole is formed in the color ?lter 
layer to substantially minimize differences in color repro 
ducibility betWeen re?ective mode operation and transmis 
sion mode operation. 

[0016] The present disclosure discloses another embodi 
ment of a re?ection-transmission LCD comprising a ?rst 
substrate and a second substrate arranged opposite the ?rst 
substrate. Ared (R), green (G), and blue (B) color ?lter layer 
is formed on the ?rst substrate, Wherein at least one hole is 
formed in the color ?lter layer to substantially improve 
display quality of re?ective mode operation and transmis 
sion mode operation. The re?ection-transmission LCD com 
prises a planariZation layer formed on the ?rst substrate, 
Wherein the planariZation layer comprises a ?rst insulating 
layer formed on the color ?lter layer to cover the at least one 
hole formed in the color ?lter layer and a transmission 
region and a re?ection region, Wherein the re?ection region 
has a smaller cell gap than the transmission region. 

[0017] It 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 

[0018] The accompanying draWings, Which are included 
to provide a further understanding of the invention and 
constitute a part of this speci?cation, illustrate embodiments 
of the invention and together With the description serve to 
explain the principles of the invention. 
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[0019] FIG. 1 shows a cross-sectional vieW ofa color ?lter 
substrate according to an embodiment of the present inven 
tion; 
[0020] FIG. 2 shoWs a plan vieW of a color ?lter of FIG. 
1; 
[0021] FIG. 3 shoWs a plan vieW ofa color ?lter according 
to another exemplary embodiment of the present invention; 

[0022] FIG. 4 shoWs a cross-sectional vieW of a color ?lter 
substrate according to another embodiment of the present 
invention; 
[0023] FIGS. 5A; 5B and 5C shoW vieWs illustrating 
methods of fabricating the color ?lter substrate of FIG. 4; 

[0024] FIG. 6 shoWs a cross-sectional vieW of a color ?lter 
substrate according to another embodiment of the present 
invention; 
[0025] FIG. 7 shoWs a cross-sectional vieW of a color ?lter 
substrate according to another embodiment of the present 
invention; and 

[0026] FIG. 8 shoWs a cross-sectional vieW of a re?ection 
transmission type LCD apparatus having the color ?lter 
substrate shoWn in FIG. 1. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] Reference Will noW be made in detail to embodi 
ments of the present invention; examples of Which are 
illustrated in the accompanying draWings. 

[0028] In FIGS. 1; 2 and 3; the color ?lter substrate 100 
can reduce differences in color reproducibility and color 
visibility betWeen the ?rst area A1 and the second area A2 
by forming holes at the R; G; and B color pixels. 

[0029] Additionally; the differences in color reproducibil 
ity and color visibility betWeen the ?rst area A1 and the 
second area A2 may be reduced by adjusting the respective 
thickness of the R; G; and B color pixels. 

[0030] More particularly; the R; G; and B color pixels 
corresponding to the ?rst area A1 is thicker than the R; G and 
B color pixels of the second area A2. In this embodiment; the 
B color pixel is thicker than the R color pixel and the G color 
pixel is thinner than the R color pixel. This reduces the 
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substrate 110; a planariZation layer 130 formed on the color 
?lter 120; and a common electrode 140 formed on the 
planariZation layer 130. The color ?lter substrate 100 is 
divided into a ?rst area A1 and a second area A2 adjacent to 
the ?rst area A1. 

[0033] A ?rst light passing through the ?rst area A1 
sequentially goes through the common electrode 140; color 
?lter 120 and substrate 110. A second light passes through 
the second area A2 sequentially goes through the substrate 
110; color ?lter 120; common electrode 140; color ?lter 120 
and substrate 110. The ?rst light of the ?rst area A1 passes 
through the color ?lter 120 only once. The second light of 
the second area A2 passes through the color ?lter 120 tWice. 

[0034] The color ?lter 120 includes a red color pixel (R 
color pixel) a green color pixel (G color pixel); and a blue 
color pixel (B color pixel). 

[0035] A ?rst hole H1 is formed at the second area A2 
corresponding to the R color pixel so as to partially expose 
the substrate 110. A second hole H2 bigger than the ?rst hole 
H1 is formed at the second area A2 corresponding to the G 
color pixel and also partially exposes the substrate 110. 
Additionally; the G color pixel is smaller than the R color 
pixel. A third hole H3 is formed at the second area A2 
corresponding to the B color pixel and smaller than the ?rst 
hole H1 and partially exposes the substrate 110. The B color 
pixel is bigger than the G color pixel and the R color pixel. 

[0036] The R; G; and B color pixels of the ?rst area A1 are 
entirely covered With respective color ?lter layer. Out of the 
R; G; and B color pixels of the second area A2 respective 
color ?lter layers are partially removed as the ?rst; second 
and third holes H1 H2 and H3 are formed. This reduces 
differences in color reproducibility betWeen the RGB color 
pixels formed on the ?rst area A1 and the RGB color pixels 
formed on the second area A2. 

[0037] In general; the R; G; and B color pixels have 
different color visibility and brightness. Among the R; G; 
and B color pixels; the color visibility and brightness of the 
B color pixel has a Wavelength close to a visible ray. The B 
color is inferior to that of the R color pixel having a 
Wavelength close to an infrared ray. The color visibility and 
brightness of the G color pixel has a Wavelength close to an 
ultraviolet ray and is superior to the R color pixel having the 
Wavelength close to the infrared ray. 

TABLE 1 

R R R G G G B B R W W 
H1 x y H2 x y H3 x y x y 

A2 0% 0.591 0.357 0% 0.289 0.562 0% 0.140 0.169 0.278 0.352 
A2 13% 0.51 0.325 21% 0.3 0.465 6% 0.153 0.18 0.31 0.35 
A1 0% 0.516 0.336 0% 0.324 0.472 0% 0.149 0.161 0.304 0.335 

differences of the color reproducibility and visibility 
betWeen the R; G; and B color pixels. 

[0031] FIG. 1 shoWs a cross-sectional vieW ofa color ?lter 
substrate according to an embodiment of the present inven 
tion. FIG. 2 shoWs a plan vieW of a color ?lter of FIG. 1. 

[0032] Referring to FIG. 1; a color ?lter substrate 100 
includes a substrate 100; a color ?lter 120 formed on the 

[0038] As shoWn in Table 1; the R; G and B color pixels 
have x-y color coordinates different from each other at the 
?rst area A1 and the second area A2 When the ?rst hole H1; 
the second hole H2 and the third hole H3 are not formed in 
the R; G; and B color pixels of the second area A2. 

[0039] In this embodiment in order to reduce the differ 
ence of the color visibility and brightness of the R; C; and 
B color pixels; the ?rst hole H1; the second hole H2; and the 
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third hole H3 of different sizes are respectively formed at 
each color pixels of R, G and B. The ?rst hole H1 is about 
13% in siZe of entire R color pixel. The second hole H2 is 
about 21% in siZe of an entire G color pixel. The third hole 
H3 is about 6% in siZe of an entire B color pixel. 

[0040] The variation of the color coordinates of the G 
color pixel depending on the siZe is smaller than those of the 
R color pixel and the B color pixel, because the second hole 
H2 is bigger than the ?rst hole H1 and the third hole H3. 

[0041] The difference betWeen the color visibility and 
brightness of the R, G, and B color pixels is reduced as the 
second hole H2 is bigger than the ?rst hole H1 and the third 
hole H3 is smaller than the ?rst hole H1. It is also because 
the G color pixel is smaller than the R color pixel and the B 
color pixel is greater than the R color pixel. The color 
visibility of the ?rst area A1 is substantially equal to the 
second area A2 as the White color coordinate (0.304, 0.335) 
of the ?rst area A1 is substantially equal to the White color 
coordinate (0.310, 0.350) of the second area A2. 

[0042] Referring to FIG. 2, shoWing tWo ?rst holes H1 
formed at the R color pixel. TWo second holes H2 are bigger 
than the ?rst hole H1 are formed at the G color pixel. A third 
hole H3 smaller than the ?rst hole H1 is formed at the B 
color pixel. Accordingly, each of the R, G, and B color pixels 
is different in siZe. 

[0043] Even though the number of ?rst holes H1 is equal 
to a number of the second holes H2, overall siZe of the C 
color pixel is smaller than the R color pixel because the ?rst 
hole H1 is smaller than the second hole H2. 

[0044] In FIGS. 1 and 2, the R, G, and B color pixels are 
different in siZe from each other. As another embodiment of 
the present invention, only one of the R, G, and B color 
pixels may be different in siZe from the other tWo color 
pixels. That is, the R color pixel may have substantially the 
same siZe as the G color pixel and the B color pixel may be 
smaller than the R color pixel. Optionally, the R color pixel 
may have substantially the same siZe as the B color pixels. 
The G color pixel may be bigger than the R color pixel. 

[0045] The color ?lter substrate 100 further includes the 
planariZation layer 130 for planariZing a step difference 
betWeen the substrate 110 exposed through the ?rst, second, 
and third holes H1, H2 and H3, respectively, and the color 
?lter 120 adjacent to the ?rst, second, and third holes H1, H2 
and H3, respectively. 

[0046] The planariZation layer 130 includes a ?rst insu 
lating layer 131 and a second insulating layer 132. The ?rst 
insulating layer 131 is formed on the substrate 110. The 
second insulating layer 132 is formed on the ?rst insulating 
layer 131. 

[0047] The step difference betWeen the color ?lter 120 and 
substrate 110 is planariZed by the ?rst insulating layer 131 
and then substantially and completely planariZed by the 
second insulating layer 132 formed on the ?rst insulating 
layer 131. In this embodiment, the ?rst insulating layer 131 
and second insulating layer 132 comprise a photosensitive 
organic insulating layer, for example, acrylic resin, or the 
like. 

[0048] Also, the ?rst insulating layer 131 may comprise an 
inorganic insulating layer, for example, silicon nitride 
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(SiNx), silicon oxide (SiOx), or the like. The second insu 
lating layer 132 may comprise an organic insulating layer. 

[0049] The common electrode 140 is formed on the pla 
nariZation layer 130. The common electrode 140 comprises 
a transparent conductive material, for example, indium tin 
oxide (ITO), indium Zinc oxide (IZO), or the like. 

[0050] FIG. 3 shoWs a plan vieW of a color ?lter according 
to another embodiment of the present invention. 

[0051] Referring to FIG. 3, tWo ?rst holes H4 are formed 
at the R color pixel, three second holes H5 are formed at the 
G color pixel, and a third hole H6 is formed at the B color 
pixel. The second hole H5 and the third hole H6 have 
substantially the same siZe as the ?rst hole H4. 

[0052] The R, G, and B color pixels of the second area A2 
are different in siZes because the R, G, and B color pixels 
have a different number of holes from each other even 
though the ?rst, second, and third holes H4, H5, and H6, 
respectively, have substantially the same siZe. In this 
embodiment, the G color pixel is smaller than the R color 
pixel and the B color pixel is bigger than the R color pixel. 

[0053] FIG. 4 shoWs a cross-sectional vieW of a color ?lter 
substrate according to another embodiment of the present 
invention. In FIG. 4, the same reference numerals denote the 
same elements in FIG. 1 and the detailed descriptions of the 
same elements Will not be repeated. 

[0054] Referring to FIG. 4, a color ?lter substrate 100 
includes a substrate 110, a color ?lter 120 formed on the 
substrate 110, a planariZation layer formed on substrate 110 
to cover the color ?lter 120, and a common electrode 140 
formed on the planariZation layer 150. The color ?lter 
substrate 100 includes a ?rst area A1 and a second area A 
arranged adjacent to the ?rst area A1. 

[0055] The color ?lter 120 includes R, G, and B color 
pixels. A ?rst hole H1 is formed at the second area A2 of the 
R color pixel and partially exposes the substrate 110. A 
second hole H2 bigger than the ?rst hole H1 is formed at the 
second area A2 of the G color pixel and partially exposes the 
substrate 110. Additionally, the second hole renders the G 
color pixel smaller than the R color pixel in effective area. 
A third hole H3 smaller than the ?rst hole H1 is formed at 
the second area A2 of the B color pixels and partially 
exposes the substrate 110. The third hole H3 renders the B 
color pixel bigger than the G and R color pixels. 

[0056] The color ?lter substrate 100 further includes a 
planariZation layer 150 for reducing a step difference 
betWeen the substrate 110 and the color ?lter 120. 

[0057] The planariZation layer 150 comprises a ?rst insu 
lating layer 151 and a second insulating layer 152. The ?rst 
insulating layer 151 is formed on the substrate 110 through 
areas exposed through the ?rst, second, and third holes H1, 
H2 and H3, respectively. The second insulating layer 152 is 
formed on the ?rst insulating layer 131 and on the color ?lter 
120. 

[0058] The step difference betWeen the color ?lter 120 and 
substrate 110 is planariZed With the ?rst insulating layer 151. 
Additionally, the step difference is substantially and com 
pletely planariZed With a second insulating layer 152 formed 
on the ?rst insulating layer 151 and color ?lter 120. In this 
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embodiment, the ?rst insulating layer 151 and second insu 
lating layer 152 comprise an organic insulating layer. 

[0059] The common electrode 140 formed on the pla 
nariZation layer 150 comprises a transparent conductive 
material, for example, indium tin oxide (ITO), indium Zinc 
oxide (IZO), or the like. 

[0060] FIGS. 5A, 5B and 5C shoW vieWs of a method of 
fabricating the color ?lter substrate of FIG. 4. 

[0061] Referring to FIG. 5A, the color ?lter 120 has R, G, 
and B color pixels formed on the substrate 110. The ?rst, 
second, and third holes H1, H2 and H3, respectively, are 
formed at the R, G, and B color pixels, respectively, and 
these holes partially expose the substrate 110. More particu 
larly, the R, G, and B color pixels corresponding to the 
second area A2 are partially removed in order to partially 
expose the substrate 110. 

[0062] Referring to FIG. 5B, an organic insulating layer 
161 is formed on the color ?lter 120 and on the substrate 110 
that is exposed through the ?rst, second, and third holes H1, 
H2 and H3, respectively. The organic insulating layer 161 
has non-uniform surface due to the step difference between 
the substrate 110 and color ?lter 120. 

[0063] Referring to FIG. 5C, a mask 162 is formed on the 
organic insulating layer 161 corresponding to the ?rst, 
second, and third holes H1, H2, and H3. The organic 
insulating layer 161 may be successively exposed and 
developed. That is, the ?rst insulating layer 151 is formed on 
the substrate 110 and may be exposed through the ?rst, 
second, and third holes H1, H2 and H3, respectively. 

[0064] As shoWn in FIG. 5C, the ?rst insulating layer 151 
is thicker than the color ?lter 120. A ?rst step di?ference ti 
betWeen the color ?lter 120 and ?rst insulating layer 151 is 
smaller than a second step di?ference t2 betWeen the sub 
strate 110 and color ?lter 120. The step difference between 
the substrate 110 and color ?lter 120 may be reduced as 
shoWn in FIG. 4 When the second insulating layer 152 is 
formed on the color ?lter 120 and ?rst insulating layer 151. 

[0065] FIG. 6 shoWs a cross-sectional vieW ofa color ?lter 
substrate according to another embodiment of the present 
invention. In FIG. 6, a color ?lter substrate 100 includes a 
substrate 110 a color ?lter 120 formed on the substrate 110, 
a planariZation layer 170, and a common electrode 140 
formed on the planariZation layer 170. The color ?lter 
substrate 100 includes a ?rst area A1 and a second area A2 
arranged adjacent to the ?rst area A1. 

[0066] The color ?lter 120 includes R, G, and B color 
pixels. A ?rst hole H1 is formed at the second area AS of the 
R color pixel and partially exposes the substrate 110. A 
second hole H2 bigger than the ?rst hole H1 is formed at the 
second area A2 of the G color pixel and partially exposes the 
substrate 110. A third hole H3 smaller than the ?rst hole H1 
is formed at the second area A2 of the B color pixel and 
partially exposes the substrate 110. 

[0067] The planariZation layer 170 includes a ?rst insu 
lating layer 171 and a second insulating layer 172. The ?rst 
insulating layer 171 is formed on the substrate 110 through 
the ?rst, second, and third holes H1, H2, and H3, respec 
tively. The second insulating layer 172 is formed on the ?rst 
insulating layer 171 and color ?lter 120. 
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[0068] The step difference between the color ?lter 120 and 
substrate 110 is planariZed With a ?rst insulating layer 171. 
Additionally, the step difference is substantially and com 
pletely planariZed With a second insulating layer 172 formed 
on the ?rst insulating layer 171 and on the color ?lter 120. 

[0069] In this embodiment, the ?rst insulating layer 171 
comprises an inorganic insulating layer. For example, the 
inorganic insulating layer may be silicon nitride (SiNx), 
silicon oxide (SiOx), or the like. The second insulating layer 
172 comprises an organic insulating layer. The ?rst insulat 
ing layer 171 is thinner than the color ?lter 120, additionally, 
the step di?ference t3 betWeen the color ?lter 120 and ?rst 
insulating layer 171 is smaller than the step di?ference t1 
betWeen the substrate 110 and color ?lter 120. 

[0070] The second insulating layer 172 is formed on the 
?rst insulating layer 171 and color ?lter 120, thereby pla 
nariZing the step di?ference t3. 

[0071] The common electrode 140 may include a trans 
parent conductive electrode formed on the planariZation 
layer 170. For example, the common electrode may be 
indium tin oxide (ITO), indium Zinc oxide (IZO) and the 
like. 

[0072] FIG. 7 shoWs a cross sectional vieW of a color ?lter 
substrate according to another embodiment of the present 
invention. 

[0073] Referring to FIG. 7, a color ?lter substrate 100 
includes a substrate 110, a color ?lter 120 formed on the 
substrate 110, a planariZation layer 180, and a common 
electrode 140. The color ?lter substrate 100 has a ?rst area 
A1 and a second area A2 arranged adjacent to the ?rst area 
A1. 

[0074] The color ?lter 120 includes R, G, and B color 
pixels. A ?rst hole H1 is formed at the second area A2 of the 
R color pixel and partially exposes the substrate 110. A 
second hole H2 bigger than the ?rst hole H1 is formed at the 
second area A2 of the G color pixel and partially exposes the 
substrate 110. A third hole H3 is formed at the second area 
A2 of the B color pixel and is smaller than the ?rst hole H1 
of the B color pixel and partially exposes the substrate 110. 

[0075] The planariZation layer 180 is formed on the sub 
strate 110 through the ?rst, second, and third holes H1, H2, 
and H3, respectively. The planariZation layer 180 comprises 
an organic insulating layer and is thicker than the color ?lter 
120. Although not shoWn in FIG. 7, the planariZation layer 
180 may include an inorganic insulating layer, so that the 
planariZation layer 180 may be thinner than the color ?lter 
120. 

[0076] In this embodiment, a step difference between the 
color ?lter 120 and planariZation layer 180 is smaller than a 
step difference between the substrate 110 and color ?lter 
120. 

[0077] In FIG. 7, the planariZation layer 180 is thicker 
than the color ?lter 120. HoWever, the planariZation layer 
180 may have substantially the same thickness as the color 
?lter 120. 

[0078] In FIGS. 1, 2, 3, 4, 5, 6 and 7, the planariZation 
layer may comprise a plurality of layers. For example, the 
planariZation layer may be a single layer, a double-layer, or 
a triple-layer. Also, the color ?lter substrate having the ?rst, 
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second, and third holes H1, H2, and H3, respectively, are 
formed at the R, G, and B color pixels, respectively 
described in above drawings may have one pixel betWeen 
the R, G, and B color pixels. 

[0079] FIG. 8 shoWs a cross-sectional vieW of LCD appa 
ratus having the color ?lter substrate of FIG. 1. 

[0080] Referring to FIG. 8, a re?ection-transmission type 
LCD apparatus 400 includes an array substrate 200, a color 
?lter substrate 100 combined With the array substrate 200, 
and a liquid crystal 300 interposed betWeen the array sub 
strate 200 and color ?lter substrate 100. 

[0081] The array substrate 200 includes a ?rst substrate 
210, a gate insulating layer 220 formed on the ?rst substrate 
210, a third insulating layer 230 a transmission electrode 
240, and a re?ection electrode 250. The array substrate 200 
is divided into a re?ection area RA and a transmission area 
TA. Although not shoWn in FIG. 8, a plurality of TFTs is 
formed on the ?rst substrate 210. The third insulating layer 
230 includes a photosensitive organic insulating layer, for 
example, an acrylic resin, or the like. 

[0082] The third insulating layer 230 covers the plurality 
of TFTs. The transmission area TA removes a corresponding 
area of the third insulating layer 230 and exposes the ?rst 
substrate 210. The third insulating layer 230 has a substan 
tially concavo-convex shape 233 on an upper surface. The 
concavo-convex shape 233 includes a convex portion 233a 
and a concave portion 233b. 

[0083] The transmission electrode 240 may be a transpar 
ent conductive electrode. For example, the transparent con 
ductive electrode may comprise indium tin oxide (ITO), 
indium Zinc oxide (IZO), or the like. The transmission 
electrode is uniformly formed on the third insulating layer 
230 and on the ?rst substrate 210 Where the third insulating 
layer 230 is removed, The re?ection electrode 250 has a 
transmission WindoW 251 partially exposing the transmis 
sion electrode 240. The re?ection electrode 250 is uniformly 
formed on the transmission electrode 240. The transmission 
WindoW 251 is formed at a position substantially corre 
sponding to the transmission area TA. 

[0084] A cell gap at the re?ection area RA is different from 
a cell gap at the transmission area TA. More particularly, the 
distance betWeen the color ?lter substrate 100 and array 
substrate 200 at the transmission area TA is approximately 
tWice the distance betWeen the color ?lter substrate 100 and 
array substrate 200 at the re?ection area RA. 

[0085] In FIG. 8, the cell gap at the re?ection area RA is 
the distance betWeen the common electrode 140 of the color 
?lter substrate 100 and re?ection electrode 250 of the array 
substrate 200. The cell gap at the transmission area TA is the 
distance betWeen the common electrode 140 and transmis 
sion electrode 240. 

[0086] The re?ection electrode 250 is formed of a con 
ductive metal. The re?ective electrode 250 may be formed 
of a single layer having aluminum-neodymium (AINd) or a 
double-layer having aluminum-neodymium (AINd) and 
molybdenum-tungsten (Mo W). 
[0087] Although not shoWn in FIG. 8, a contact hole (not 
shoWn) may be formed at the third insulating layer 230 to 
expose a drain electrode of the TFT (not shoWn). In case of 
forming the contact hole at the third insulating layer 230 the 
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transmission electrode 240 and re?ection electrode 250 are 
electrically connected to the drain electrode of the TFT 
through the contact hole. For example, by connecting the 
drain electrode to the re?ection electrode and/or transmis 
sion electrode. Additionally, an additional TFT may be used 
in order to drive the re?ection electrode and transmission 
electrode separately. Accordingly, a drain electrode of the 
?rst TFT may be connected to the re?ection and a drain 
electrode of the second TFT may be connected to the 
re?ection electrode. 

[0088] The re?ection electrode 250 formed at the re?ec 
tion area RA re?ects external light L1 coming through the 
color ?lter substrate 100 and controls the light L1 thereby 
displaying an image. Additionally, an internal light L2 is 
emitted from a light source (not shoWn) disposed at a rear 
portion of the array substrate 200 and through the transmis 
sion area TA. The internal light L2 passes through the 
transmission WindoW 251 and is controlled to exit the color 
?lter substrate 100 thereby displaying image. 

[0089] The color ?lter substrate 100 includes the color 
?lter 120, planariZation layer 130, and common electrode 
140. These are successively formed on the second substrate 
110. The color ?lter 120 includes the R, G, and B color 
pixels having ?rst, second, and third holes H1, H2 and H3, 
respectively. Those holes are formed on the R, G and B color 
pixels in the re?ection area RA and partially exposing the 
second substrate 110. 

[0090] The ?rst, second, and third holes H1, H2, and H3, 
respectively, are formed by partially removing the color 
?lter 120 in the re?ection area RA. Thus, external light L1 
input through the re?ection area RA may partially exit 
Without passing through the color ?lter 120, reducing the 
difference of the color reproducibility betWeen the re?ection 
area RA and transmission area TA. 

[0091] The ?rst hole H1 is bigger than the third hole H3. 
The second hole H2 is bigger than the ?rst hole H1. 
Accordingly, in effective area, the G color pixel is smaller 
than the R color pixel and the R color pixel is smaller than 
the B color pixel. This reduces the difference of the color 
visibility betWeen the R, G, and B color pixels. 

[0092] Table 2 represents the White color coordinate of the 
color coordinate in accordance With the cell gap betWeen the 
color ?lter substrate 100 and array substrate 200. 

TABLE 2 

Re?ection mode Transmission Mode 

Cell gap White-x White-y Cell gap White-x White-y 

1.6 0.300 0.323 3.3 0.300 0.327 
1.9 0.322 0.356 3.6 0.312 0.342 

[0093] As shoWn in Table 2, When the cell gap of 1.6 
changes to a cell gap of 1.9 in the re?ection mode the x and 
y coordinates of the White color are increased by about 0.022 
and about 0.032 respectively. In the transmission mode 
When the cell gap of 3.3 is changed to a cell gap 3.6 the x 
and y coordinated of the White color increased by about 
0.012 and about 0.015, respectively. The White color coor 
dinate of the re?ection mode is more sensitive to the cell gap 
change than the White color coordinate of the transmission 
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mode even though variations of the cell gaps are the same. 
Thus, the planariZation layer 130 has the double-layer struc 
ture so as to planariZe the step difference between the second 
substrate 110 and color ?lter 120 at the re?ection area RA. 

[0094] The planariZation layer 130 includes a ?rst insu 
lating layer 131 formed on the second substrate 110 through 
the holes H1, H2 and H3, and on the color ?lter 120. The 
second insulating layer 132 is formed on the ?rst insulating 
layer 131. The planariZation layer 130 may planariZe the 
step difference between the second substrate 110 exposed 
through the holes H1, H2, and H3, and the color ?tter 120 
adjacent to each of the holes H1, H2 and H3. 

[0095] Thus, the re?ection-transmission type LCD appa 
ratus 400 may have a substantially uniform cell gap at the 
re?ection area RA. Although the convex and concave por 
tions 233a and 23319 are formed at the array substrate 200 
corresponding to the re?ection area RA, the convex and 
concave portions 233a and 2331) have a small siZe without 
affecting the cell gap at the re?ection area RA. Accordingly, 
the cell gap at the re?ection area RA may be substantially 
uniform. 

[0096] The color ?lter substrate and the re?ection-trans 
mission type LCD apparatus include color pixels of different 
colors. Each of the color pixels has a hole and at least tWo 
color pixels have a different siZe of effective area. 

[0097] Thus, the difference of color reproducibility 
betWeen the transmission area and the re?ection area and the 
difference of color visibility betWeen the color pixels may be 
reduced, thereby improving display properties of the LCD 
apparatus. Also, the planariZation layer may planariZe the 
step difference between the substrate exposed through the 
hole and the color ?lter. Accordingly, the re?ection-trans 
mission type LCD apparatus may have the cell gap substan 
tiality uniform. 

[0098] It Will be apparent to those of ordinary skill in the 
pertinent art that various modi?cations and variations may 
be made in the present invention Without departing from the 
spirit or scope of the disclosure as set forth herein. Thus it 
is intended that the present invention cover all such modi 
?cations and variations provided that they come Within the 
scope of the appended claims or their equivalents. 

What is claimed is: 
1. A re?ection-transmission LCD, comprising: 

a ?rst substrate and a second substrate arranged opposite 
the ?rst substrate; 

a red (R), green (G) and blue (B) color ?lter layer formed 
on the ?rst substrate; 

a planariZation layer formed on the ?rst substrate; 

a hole formed in the color ?lter layer to substantially 
minimiZe differences in color reproducibility betWeen 
re?ective mode operation and transmission mode 
operation; 

a common electrode formed on the second insulating 
layer; 

liquid crystal material arranged betWeen the ?rst substrate 
and the second substrate; 

a gate insulating layer formed on the second substrate; 
and 
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a third insulating layer formed on the gate insulating layer, 

Wherein the planariZation layer comprises a ?rst insulat 
ing layer formed on the color ?lter layer that covers the 
at least one hole, and a second insulating layer formed 
on the ?rst insulating layer for substantially planariZing 
step differences due to the hole formed in the color ?lter 
layer. 

2. The re?ection-transmission LCD of claim 1 Wherein 
the third insulating layer is patterned into re?ection portions 
and transmission portions. 

3. The re?ection-transmission LCD of claim 2, further 
comprising: 

a transmission electrode formed on the transmission por 
tions; and 

a re?ection electrode formed on the re?ection portions, 

Wherein the non-patterned portions comprise a substan 
tially concavo-convex shape. 

4. The re?ection-transmission LCD of claim 1, further 
comprising: 

a ?rst hole formed in the red (R) color ?lter; 

a second hole formed in the green (G) color ?lter; and 

a third hole formed in the blue (B) color ?lter. 
5. The re?ection-transmission LCD of claim 4 Wherein 

the second hole is larger than the ?rst hole. 
6. The re?ection-transmission LCD of claim 4 Wherein 

the third hole is smaller than the second hole. 
7. The re?ection-transmission LCD of claim 4 Wherein 

the each of the red (R), green (G) and blue (B) color ?lters 
is divided into a ?rst area and a second area arranged 
adjacent to each other Where the ?rst area does not include 
the hole. 

8. The re?ection-transmission LCD of claim 7 Wherein 
the second area of at least one of the red (R), green (G) or 
blue (B) color ?lters includes tWo holes. 

9. The re?ection-transmission LCD of claim 7 Wherein 
the ?rst area is a transmission area and the second area is a 
re?ection area. 

10. A re?ection-transmission LCD, comprising; 

a plurality of substrates arranged opposite to each other; 

a color ?lter layer formed on at least one of the plurality 
of substrates; 

a hole formed in the at least one color ?lter layer to 
substantially minimiZe differences in color reproduc 
ibility betWeen re?ective mode operation and transmis 
sion mode operation; 

a planariZation layer formed on a ?rst of the plurality of 
substrates and comprising a ?rst insulating layer 
formed on the color ?lter layer that covers the at least 
one hole and a second insulating layer formed on the 
?rst insulating layer for substantially planariZing step 
differences due to the hole formed in the at least one 
color ?lter layer; 

a common electrode formed on the second insulating 
layer; 

liquid crystal material arranged betWeen the ?rst substrate 
and the second substrate; 
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a gate insulating layer formed on the second substrate; 
and 

a third insulating layer formed on the gate insulating layer. 
11. The re?ection-transmission LCD claim 10 Wherein the 

third insulating layer is patterned into re?ection portions and 
transmission portions. 

12. The re?ection-transmission LCD of claim 11, further 
comprising: 

a transmission electrode formed on the transmission por 
tions; and 

a re?ection electrode formed on the re?ection portions, 

Wherein the non-pattemed portions comprise a substan 
tially concavo-convex shape. 

13. The re?ection-transmission LOU of claim 10, further 
comprising: 

a red (R), a green (C), and a blue (B) color ?lter formed 
in the color ?lter layer; 

a ?rst hole formed in the red (R) color ?lter; 

a second hole formed in the green (G) color ?lter; and 

a third hole formed in the blue (B) color ?lter. 
14. The re?ection-transmission LCD of claim 13 Wherein 

the second hole is larger than at least one of the ?rst hole or 
the third hole. 

15. The re?ection-transmission LCD of claim 13 Wherein 
the each of the red (R), green (G) and blue (B) color ?tters 
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is divided into a ?rst area and a second area arranged 
adjacent to each other Wherein each of the ?rst areas does 
not have a hole and at least one of the second areas has tWo 

holes. 

16. The re?ection-transmission LED of claim 15 Wherein 
the ?rst area is a transmission area and the second area is a 

re?ection area. 

17. The re?ection-transmission LCD of claim 10 Wherein 
the planariZation layer is formed over the color ?lter layer 
and extends into at least one hole formed in the color ?lter 
layer. 

18. The re?ection-transmission LCD of claim 17 Wherein 
the planariZation layer is disposed for leveling a thinner 
portion of color ?lter layer in a re?ection area With a thicker 
portion of color ?lter layer in a transmission area. 

19. The re?ection-transmission LCD of claim 13 Wherein 
tWo holes are formed in a red (R) portion of the color ?lter 
layer, tWo holes are formed in a green (G) portion of the 
color ?lter layer, and one hole is formed in a blue (B) portion 
of the color ?tter layer. 

20. The re?ection-transmission LCD of claim 13 Wherein 
tWo holes are formed in a red (R) portion of the color ?tter 
layer, tWo holes are formed in a green (G) portion of the 
color ?lter layer, and one hole is formed in a blue (B) portion 
of the color ?lter layer. 


