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(57) ABSTRACT

A liquid crystal display includes a TFT array panel, a color
filter panel, a liquid crystal layer in an OCB mode, a pair of
compensation films provided on outer surfaces of the TFT
array panel and the color filter panel, a pair of polarization
films provided on outer surfaces of the compensation films,
and so on. When the wavelength dispersion of the liquid
crystal layer is larger than the wavelength dispersion of the
first and the second compensation films, the cell gap on the
red pixel area>the cell gap on the green pixel area>the cell
gap on the blue pixel area. On the contrary, when the
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OCB MODE LIQUID CRYSTAL DISPLAY AND A
DRIVING METHOD OF THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an OCB (Optical
Compensated Bend) mode liquid crystal display.

[0003] (b) Description of the Related Art

[0004] A typical liquid crystal display (LCD) includes an
upper panel provided with a common electrode and color
filters, etc., a lower panel provided with a plurality of thin
film transistors (Ms) and a plurality of pixel electrodes, etc.,
and a liquid crystal (LC) material interposed between the
panels. The pixel electrodes and the common electrode are
supplied with different voltages to generate electric field
changing the orientations of LC molecules, thereby control-
ling light transmittance to display images.

[0005] An OCB mode LCD among the LCDs has advan-
tages in wide viewing angle and fast response and, recently,
it has been actively studied for application. However, an
OCB mode LCD has a problem of low contrast ratio. It is
because the OCB mode LCD gives relatively high lumi-
nance in a black state in comparison with other mode LCDs,
and the high luminance in the black state is caused by the
difficulty in complete compensation of the wavelength dis-
persion of LCD using compensation films.

(a) Field of the Invention

SUMMARY OF THE INVENTION

[0006] A motivation of the present invention is to improve
the contrast ratio of an OCB mode LCD.

[0007] Based on the motivation, the present invention
differentiates a cell gap or a black voltage for red, green and
blue colors.

[0008] Indetail, aliquid crystal display is provided, which
includes: a first insulating substrate; a plurality of gate lines
formed on the first insulating substrate; a plurality of data
lines insulated from the gate lines and intersecting the gate
lines to define a plurality of pixel areas; a plurality of pixel
electrodes provided on the pixel areas; a plurality of thin film
transistors connected to the gate lines, the data lines and the
pixel electrodes; a second insulating substrate facing the first
insulating substrate; a common electrode formed on the
second insulating substrate; a liquid crystal layer interposed
between the first insulating substrate and the second insu-
lating substrate and aligned in an OCB mode; first and
second compensation films provided on outer surfaces of the
first and the second insulating substrate; and first and second
polarization films provided on outer surfaces of the first and
the second compensation films, wherein Rr=17 nm, Rg=15
nm and Rb=12 nm where Rr, Rg and Rb are retardations in
a black state for red, green and blue lights, respectively.

[0009] Alternatively, a liquid crystal display is provided,
which includes: a first insulating substrate; a plurality of gate
lines formed on the first insulating substrate; a plurality of
data lines insulated from the gate lines and intersecting the
gate lines to define red, green and blue pixel areas; a
plurality of pixel electrodes provided on the pixel areas; a
plurality of thin film transistors connected to the gate lines,
the data lines and the pixel electrodes; a second insulating
substrate facing the first insulating substrate; a common
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electrode formed on the second insulating substrate; a liquid
crystal layer interposed between the first insulating substrate
and the second insulating substrate and aligned in an OCB
mode: first and second compensation films provided on
outer surfaces of the first and the second insulating substrate;
and first and second polarization films provided on outer
surfaces of the first and the second compensation films,
wherein a cell gap of the liquid crystal layer has different
values on the red, the green and the blue pixel areas.

[0010] When wavelength dispersion of the liquid crystal
layer is larger than the wavelength dispersion of the first and
the second compensation films, the cell gap has values on
the red, the green and the blue pixel areas satisfying the
value on the red pixel area>the value on the green pixel
area>the value on the blue pixel area. When wavelength
dispersion of the liquid crystal layer is smaller than the
wavelength dispersion of the first and the second compen-
sation films, the cell gap has values on the red, the green and
the blue pixel areas satisfying: the value on the red pixel
area<the value on the green pixel area<the value on the blue
pixel area.

[0011] The liquid crystal display may further include red,
green and blue color filters disposed between the second
insulating substrate and the common electrode, arranged
corresponding to the red, the green and the blue pixel areas,
respectively, and having different thicknesses. Alternatively,
the liquid crystal display further includes: a gate insulating
layer insulating the gate lines and the data lines; and a
passivation layer insulating the data lines and the pixel
electrodes and protecting the thin film transistors, wherein
the green color filter is thicker than the red and the blue color
filters and portions of the gate insulating layer and the
passivation layer on the red and the green pixel areas are
removed. Alternatively, the liquid crystal display may fur-
ther include: red, green and blue color filters disposed
between the second insulating substrate and the common
electrode, arranged corresponding to the red, the green and
the blue pixel areas, respectively; a gate insulating layer
insulating the gate lines and the data lines; and a passivation
layer insulating the data lines and the pixel electrodes and
protecting the thin film transistors, wherein the green color
filter is thicker than the red and the blue color filters and
portions of the gate insulating layer and the passivation layer
on the blue and the green pixel areas are removed. Alterna-
tively, the liquid crystal display may further include: a gate
insulating layer insulating the gate lines and the data lines;
and a passivation layer insulating the data lines and the pixel
electrodes and protecting the thin film transistors, wherein
the passivation layer has a thickness different on the red, the
green and the blue pixel areas.

[0012] According to another embodiment of the present
invention, a liquid crystal display is provided, which
includes: a first insulating substrate; a plurality of gate lines
formed on the first insulating substrate; a plurality of data
lines insulated from the gate lines and intersecting the gate
lines to define red, green and blue pixel areas; a plurality of
pixel electrodes provided on the pixel areas; a plurality of
thin film transistors connected to the gate lines, the data lines
and the pixel electrodes; a second insulating substrate facing
the first insulating substrate; a common electrode formed on
the second insulating substrate; a liquid crystal layer inter-
posed between the first insulating substrate and the second
insulating substrate and aligned in an OCB mode; first and
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second compensation films provided on outer surfaces of the
first and the second insulating substrate; first and second
polarization films provided on outer surfaces of the first and
the second compensation films; a gate driver sequentially
applying a gate-on voltage to the gate lines for turning on the
thin film transistors; a data driver applying data voltages to
the data lines; and a controller converting red, green and
blue original image data from an external device into
modified image data based on the difference in the wave-
length dispersion between the compensation films and the
liquid crystal layer, transmitting the modified image data to
the data driver, and generating timing signals for controlling
operation of the gate driver and the data driver to be output
to the gate driver and the data driver.

[0013] When wavelength dispersion of the liquid crystal
layer is larger than the wavelength dispersion of the first and
the second compensation films, the controller performs the
data conversion such that Vi, >V >V _, for a gray.
When wavelength dispersion of the liquid crystal layer is
smaller than the wavelength dispersion of the first and the
second compensation films, and the controller performs the
data conversion such that Vi, <V,,...<V,, for a gray.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a layout view of LCDs according to first
and second embodiments of the present invention;

[0015] FIG. 2A is a sectional view of the LCD according
to the first embodiment of the present invention taken along
the line II-II' shown in FIG. 1;

[0016] FIG. 2B a sectional view of the LCD according to
the second embodiment of the present invention taken along
the line II-II' shown in FIG. 1;

[0017] FIG. 3 illustrates the refractive anisotropy of a
light transmitting medium when viewing from the front of
an OCB mode LCD;

[0018] FIG. 4 is a Poincare Sphere illustrating the polar-
ization experienced by light passing through an OCB mode
LCD in the black state;

[0019] FIG. 5 illustrates polarizations of red, green and
blue lights when the wavelength dispersion of a LC layer is
larger than the wavelength dispersion of compensation
films;

[0020] FIG. 6 illustrates polarizations of red, green and
blue lights when the wavelength dispersion of a LC layer is
smaller than the wavelength dispersion of compensation
films;

[0021] FIG. 7 is a graph showing retardation as function
of light wavelength in an OCB mode LCD upon application
of a voltage near a black voltage when the wavelength
dispersion of a LC layer is smaller than the wavelength
dispersion of compensation films;

[0022] FIG. 8 is a section view of an LCD according to the
third embodiment of the present invention;

[0023] FIG.9 is asection view of an LCD according to the
fourth embodiment of the present invention; and

[0024] FIG. 10 is a block diagram of an LCD according
to the fifth embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein.

[0026] In the drawings, the thickness of layers, films and
regions are exaggerated for clarity. Like numerals refer to
like elements throughout. It will be understood that when an
element such as a layer, film, region or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present In
contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0027] Now, liquid crystal displays according to embodi-
ments of the present invention will be described with
reference to the accompanying drawings.

[0028] FIG. 1 is a layout view of LCDs according to first
and second embodiments of the present invention, FIG. 2A
is a sectional view of the LCD according to the first
embodiment of the present invention taken along the line
II-II' shown in FIG. 1, and FIG. 2B a sectional view of the
LCD according to the second embodiment of the present
invention taken along the line II-II' shown in FIG. 1.

[0029] First, an OCB mode LCD according to a first
embodiment of the present invention is described with
reference to FIGS. 1 and 2A.

[0030] An OCB mode LCD according to this embodiment
includes a TFT array panel, a color filter panel, a LC layer
3 interposed between the panels, a pair of compensation
films 13 and 23 attached to outer surfaces of the panels, and
a pair of polarization films 12 and 22 attached to outer
surfaces of the compensation films 13 and 23.

[0031]

[0032] A gate wire 121 and 123 preferable made of
conductive material such as Al, Al alloy, Cr, Cr alloy, Mo,
Mo alloy, Cr nitride, and Mo nitride and having thickness of
1,000-3,500 A is formed on an insulating substrate 110.

[0033] The gate wire 121 and 123 includes a plurality of
gate lines 121 extending in a transverse direction and a
plurality of gate electrodes 123 branched from the gate lines
121.

[0034] The gate wire 121 and 123 may have a multi-
layered structure including at least two layers, and it is
preferred that the multi-layered structure includes at least
one layer made of metal having low resistivity.

[0035] A gate insulating layer 140 formed on the substrate
110, preferably made of silicon nitride or silicon oxide, and
having thickness of 3,500-4,500 A covers the gate wire 121
and 123.

[0036] A plurality of openings Pr and Pg exposing the
substrate 110 are provided at the gate insulating layer 140.
The openings Pr and Pg are located in some of a plurality of
pixel areas defined by intersections of the gate lines 121 and
a plurality of data lines 171, which will be described later.

A TFT array panel is described now.
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The pixel areas includes a plurality of red, green and blue
pixel areas facing red, green and blue color filters R, G and
B, respectively, and the openings Pr and Pg are located in the
red pixel areas and the green pixel areas.

[0037] A semiconductor pattern 151 having thickness of
800-1,500 A, is formed on the gate insulating layer 140. The
semiconductor pattern 151 is preferably made of amorphous
silicon and overlaps a plurality of gate electrodes 123. An
ohmic contact layer 163 and 165 is formed on the semicon-
ductor pattern 151. The ohmic contact layer 163 and 165 is
preferably made of amorphous silicon doped with conduc-
tive impurity and has a thickness of 500-800 A.

[0038] A data wire 171, 173 and 175 is formed on the
ohmic contact layer 163 and 165 and the gate insulating
layer 140. The data wire 171, 173 and 175 is preferably
made of conductive material such as Al, Al alloy, Cr, Cr
alloy, Mo, Mo alloy, C nitride, and Mo nitride and has a
thickness of 1,500-3,500 A.

[0039] The data wire 171, 173 and 175 includes a plurality
of data lines 171 extending in a longitudinal direction and
intersecting the gate lines 121 to define a plurality of pixel
areas, a plurality of source electrodes 173 branched from the
data lines 171 and extending onto one portions 163 of the
ohmic contact layer, and a plurality of drain electrodes 175
facing the source electrodes 173, extending from the other
portions 165 of the ohmic contact layer to portions of the
gate insulating layer 140 in the pixel areas.

[0040] The data wire 171, 173 and 175 may have a
multi-layered structure including at least two layers, and it
is preferred that the multi-layered structure includes at least
one layer made of metal having low resistivity.

[0041] The data wire 171,173 and 175 and the semicon-
ductor pattern 151 are covered with a passivation layer 180
made of insulating material such as silicon nitride and
silicon oxide and having a thickness of 1,500-2,500 A. The
passivation layer 180 has a plurality of openings exposing
the exposed portions of the substrate 110 exposed through
the openings Pr and Pg of the gate insulating layer 140. (For
descriptive convenience, the opening of the passivation
layer 180 is indicated by the same reference characters Pr
and Pg as the opening of the gate insulating layer 140.) The
passivation layer 180 has a plurality of contact holes 181
exposing the drain electrodes 175, and a plurality of pixel
electrodes 190 connected to the drain electrodes 175 through
the contact holes 181 are formed on the passivation layer
180. The pixel electrodes 190 are made of transparent
conductive material such as ITO and I70.

[0042] The pixel electrodes 190 in the red pixel areas and
the green pixel areas are located directly on the substrate
110, while those in the blue pixel areas are located on a
lamination of the gate insulating layer 140 and the passiva-
tion layer 180. Accordingly, the pixel electrodes 190 in the
red pixel areas and the green pixel areas have height
different from those in the blue pixel areas by the thickness
of the lamination of the passivation layer 180 and the gate
insulating layer 140, i.e., 0.5 to 0.7 microns.

[0043] This configuration of the TFT array panel accord-
ing to the first embodiment of the present invention gives the
height difference of 0.5 to 0.7 microns between the blue
pixel areas and the red and the green pixel areas.
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[0044] The color filter panel facing the TFT array panel is
described now.

[0045] Ablack matrix 220 facing portions of the gate lines
121, the data lines 171, and the TFTs of the TFT array panel
is formed on a second insulating substrate 210.

[0046] A plurality ofred color filters R, a plurality of green
color filters G, and a plurality of blue color filters B are
formed in sequence on parts of the second the substrate 210
and the black matrix 220. The green color filters G among
the red, the green and the blue color filters R, G and B are
thicker than other two color filters R and B by about 0.1 to
0.2 microns. In this way, the height difference equal to 0.1
to 0.2 microns is generated between the green color filters G
and the red and the blue color filters R and B.

[0047] Entire Surface of the panel including the red, the
green and the blue color filters R, G and B is covered with
a common electrode 270 made of ITO or 170.

[0048] When combining the color filter panel and the TFT
array panel with a gap therebetween, the cell gap is different
in the pixel areas.

[0049] In the assembly of the color filter panel and the
TFT array panel, the blue pixel areas protrude toward a L.C
layer (not shown) interposed between the panels by about
0.5 t0 0.7 microns from the red and the green pixel areas, and
the green color filters G facing the green pixel areas protrude
by about 0.1 to 0.2 microns from the red and the blue color
filters R and G facing the red and the blue pixel areas.

[0050]
tion:

Therefore, the cell gap satisfies the following rela-

[0051] cell gap in blue pixel area<cell gap in green pixel
area<cell gap in red pixel area.

[0052] The LC layer is aligned in an OCB (optical com-
pensated bend) mode, which aligns nematic LC in splay
state, converts the alignment state into bend stat by applying
a predetermined voltage, and adjusts applied voltages to
control light transmittance.

[0053] The polarizing axes of the polarization films 12 and
22 are crossed, and the wavelength dispersion of the com-
pensation films 13 and 23 is smaller than the wavelength
dispersion of the LC layer 3. The compensation films 13 and
23 are established such that the compensation characteristics
for green light are optimized.

[0054] As described above, the present invention makes
the cell gap to have different values in the respective pixel
areas such that the LCD has the cell gap having multi values.
When the cell gap of the pixel areas is separately deter-
mined, light leakage due to the difference in the wavelength
dispersion between the LC layer 3 and the compensation
films 13 and 23 is prevented. Accordingly, the luminance in
a black state is reduced to improve the contrast ratio.

[0055] In the meantime, the cell gap is adjusted by modi-
fying the TFT array panel without differentiating the thick-
ness of red, green and blue color filters R, G and B.

[0056] An OCB mode LCD according to a second
embodiment of the present invention is described with
reference to FIGS. 1 and 2B.

[0057] An OCB mode LCD according to a second
embodiment has substantially the same configuration as that
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according to the first embodiment except that the relation of
the cell gap between red, green and blue pixel areas is
reversely defined and the wavelength dispersion of the
compensation films 13 and 23 is larger than the wavelength
dispersion of the LC layer 3. The cell gap according to the
second embodiment satisfies the relation:

cell gap in blue pixel area>cell gap in green pixel

area>cell gap in red pixel area.
[0058] The second embodiment has an advantage of
improving the contrast ratio like the first embodiment.

[0059] The color variation of the cell gap in the first
embodiment and the second embodiment is made for com-
pensating the difference between the wavelength dispersion
of the LC layer 3 and the wavelength dispersion of the
compensation films 13 and 23 and the cell gap variation
becomes larger as the difference in their wavelength disper-
sion becomes large.

[0060] The reason why the color variation of the cell gap
improves the contrast ratio will be described in detail.

[0061] First, the reason why the luminance of the black
gray in the OCB mode is higher than that in the other modes
is described.

[0062] FIG. 3 illustrates the refractive anisotropy of a
light transmitting medium when viewing from the front of
an OCB mode LCD, and FIG. 4 is a Poincare Sphere
illustrating the polarization experienced by light passing
through an OCB mode LCD in the black state.

[0063] When a light passes through an LCD, as shown in
FIG. 3, the polarization of the light after being linearly
polarized by the polarizing film 12 is changed by the
indicatrix of the compensation film 13, and then changed by
the indicatrix of a LC layer 3. Subsequently, the light is
linearly polarized by the polarizing film 22.

[0064] The change of the polarization is illustrated in a
Poincare Sphere shown in FIG. 4.

[0065] The polarization of the light linearly polarized by
the polarizing film 12 is located on the equator P1 of the
Sphere, and the left-handed elliptical polarization of the
light after passing through a phase difference film i.e., the
compensation film 13 is located on a point P2 deviated from
the equator and moved toward the North Pole. The light
passing through the LC layer 3 has the right-handed ellip-
tical polarization located on a point P3 deviated from the
equator and moved toward the South Pole and, finally, the
polarization of the light becomes linear again by a phase
difference film, i.e., the compensation film 23 to be located
on the equator P4.

[0066] The final linear polarization of the light after pass-
ing through the compensation films 13 and 23 and the LC
layer 3 means the completion of compensation preventing
light leakage. In the meantime, the refractive anisotropy of
the LC layer 3 and the compensation films 13 and 23
depends on the wavelength of light, which is called the
wavelength dispersion. The difference between the wave-
length dispersion of the LC layer 3 and the wavelength
dispersion of the compensation films 13 and 23 prevents
perfect compensation for all colors.

[0067] FIG. 5 illustrates polarizations of red, green and
blue lights when the wavelength dispersion of a LC layer is
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larger than the wavelength dispersion of compensation
films, and FIG. 6 illustrates polarizations of red, green and
blue lights when the wavelength dispersion of a LC layer is
smaller than the wavelength dispersion of compensation
films.

[0068] Referring to FIG. 5, when the wavelength disper-
sion of a LC layer is larger than the wavelength dispersion
of the compensation films and the compensation films are
optimized such that the compensation for the green light is
maximized, the red light is over-compensated while the blue
light under-compensated, by the compensation films such
that their polarizations cannot not become perfectly linear.

[0069] On the contrary, when the wavelength dispersion of
a LC layer is smaller than the wavelength dispersion of the
compensation films and the compensation films are opti-
mized such that the compensation for the green light is
maximized, the red light is under-compensated and the blue
light over-compensated by the compensation films such that
their polarization cannot become perfectly linear as shown
in FIG. 6.

[0070] Accordingly, perfect compensation is not expected
to be made for all lights with different wavelengths unless
the wavelength dispersion of the LC layer coincides with the
wavelength dispersion of the compensation films. Although
it is preferred in a typical reflective LCD that the wavelength
dispersion of LC is reversed to the wavelength dispersion of
the compensation films, it is preferred in an OCB mode LCD
that the wavelength dispersion of LC is dose to the wave-
length dispersion of the compensation films. That is, the
difference of the retardation depending upon the light wave-
length between the compensation films and LC is preferably
minimized.

[0071] A case that the wavelength dispersion of the LC
layer is smaller than the wavelength dispersion of the
compensation films is described more in detail

[0072] FIG. 7 is a graph showing retardation as function
of light wavelength in an OCB mode LCD upon application
of a voltage near a black voltage when the wavelength
dispersion of a LC layer is smaller than the wavelength
dispersion of compensation films.

[0073] Since the wavelength dispersion of the compensa-
tion films and LC for red, green and blue wavelengths is
different, the retardation is different for blue (i.e., short
wavelength) and red (i.e., long wavelength) when the com-
pensation is made for red, as shown in FIG. 7. For the blue
light, the front retardation (d(Nx-Ny)x2) of the compensa-
tion films is larger than that of LC and thus the compensation
is incomplete. On the contrary, the front retardation (d(Nx-
Ny)x2) of the compensation films for the red light is smaller
than that of LC and thus the compensation is incomplete.

[0074] In the meantime, the luminance for a retardation R
is given as sin2(mR/A) when the luminance for a white state
is one. When the minimum contrast CR required for a
display device is 150, the retardation R in a black state
satisfies:

sin 2(R/W) = Viso. )]
From Inequality 1,

RAZ0.026. )
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[0075] By substituting A in Inequality 2 with the wave-
lengths of red, green and blue lights, the maximum retar-
dation R in the black state allowable for a display device is
obtained, which is illustrated in the following TABLE:

red green blue
A 650 nm 550 nm 450 nm
maximum, retardation R in black state 17 nm 15 nm 12 nm
[0076] TABLE illustrate that the retardations Rr, Rg and

Rb in the black state for red, green and blue wavelengths A
satisfy Rr=17 nm, Rg=15 nm, and Rb=12 nm.

[0077] However, it is hard to make the compensation films
satisfy the above-identified relations. Accordingly, the first
and the second embodiments of the present invention make
the cell gap have different values for respective colors to
compensate the difference in the wavelength dispersion
between the LC layer and the compensation films. When the
wavelength dispersion of the LC layer is larger than the
wavelength dispersion of the compensation films, the cell
gap for short wavelength is decreased while that for long
wavelength is increased since the retardation of the LC layer
for the light with the short wavelength is too large while that
for the light with the long wavelength is too small (in the first
embodiment). On the contrary, in case that the wavelength
dispersion of the LC layer is smaller than the wavelength
dispersion of the compensation films, the cell gap for short
wavelength is increased while that for long wavelength is
decreased since the retardation of the LC layer for the light
with the short wavelength is too small while that for the light
with the long wavelength is too large (in the second embodi-
ment).

[0078] The cell gap depending on the colors is obtained by
several techniques, which will be described hereinafter.

[0079] FIG. 8 is a sectional view of an LCD according to
a third embodiment of the present invention.

[0080] The third embodiment varies the cell gap by adjust-
ing the thickness of color filters.

[0081] ATEFT array panel of an LCD according to the third
embodiment will be described.

[0082] A plurality of gate lines (not shown) extending in
a transverse direction (not shown), a plurality of storage
capacitor lines (not shown) extending parallel to the gate
lines, and a plurality of storage electrodes 133a and 1335 are
formed on an insulating substrate 110 such as transparent
glass. A plurality of gate electrodes knot shown) are con-
nected to the gate lines. A gate insulating layer 140 is formed
on the gate wire and the storage capacitor wire 133a and
133 and a semiconductor layer (not shown) preferably
made of amorphous silicon is formed on the gate insulating
layer 140. An ohmic contact layer (not shown) preferably
made of amorphous silicon heavily doped with N type
impurity such as phosphorous P is formed on the semicon-
ductor layer. A plurality of source electrodes (not shown)
and a plurality of drain electrodes (not shown) are formed on
both portions of the ohmic contact layer, respectively, and
the source electrodes are connected to a plurality of data
lines 171 extending in a longitudinal direction and located
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on the gate insulating layer 140. A passivation layer 180 is
formed on the data wire 171, and a plurality of pixel
electrodes 190 connected to the drain electrodes through a
plurality of contact holes are formed on the passivation layer
180. The pixel electrodes 190 are preferably made of trans-
parent conductive material such as ITO (indium tin oxide)
and IZO (indium zinc oxide).

[0083] Next, a color filter panel for an LCD according to
the third embodiment of the present invention is described.

[0084] A black matrix 220 is formed on a transparent
substrate 210 such as glass. The black matrix 220 is pref-
erably made of two layers of Cr and Cr oxide and defined a
plurality of pixel areas. A plurality of red, green and blue
color filters 230R, 230G and 230B are formed on the pixel
areas. The red, green and blue color filters 230R, 230G and
230B have different thicknesses. The red color filters 230R
are the thinnest, the green color filters 230G have the next
thickness, and the blue color filters 230B are the thickest,
which is established for obtaining a cell gap having different
values at the respective pixel areas. Acommon electrode 270
preferably made of transparent conductor is formed on the
color filters 230R, 230G and 230B.

[0085] The LCD according to the third embodiment of the
present invention is described.

[0086] The above-described TFT array panel and color
filter panel are aligned to be combined, and a liquid crystal
is injected between the panels to form a LC layer 3 such that
liquid crystal molecules are aligned in an OCB mode. Two
phase difference films, i.e., two compensation films 13 and
23 are attached to outer surfaces of the substrates 110 and
210, respectively, and two polarization films 12 and 22 are
attached to outer surface of the compensation films 13 and
23 such that their polarizing axes are crossed. Thereby, the
LCD according to the third embodiment is prepared. The
wavelength dispersion of the LC layer 3 is larger than the
wavelength dispersion of the compensation films 13 and 23.
On the contrary, if the wavelength dispersion of the LC layer
3 is smaller than the wavelength dispersion of the compen-
sation films 13 and 23, the thicknesses of the color filters are
determined such that R (red)>G (green)>B (blue).

[0087] FIG.9 is a sectional view of an LCD according to
the fourth embodiment of the present invention.

[0088] An LCD according to the fourth embodiment
adjusts the thickness of a passivation layer 180 to realize the
cell gap depending upon the colors. The thickness of the
passivation layer 180 depends on respective color areas
while the thickness of color filters maintains uniform. The
other configurations of the LCD are substantially the same
as that of the third embodiment Since the wavelength
dispersion of the LC layer 3 is larger than the wavelength
dispersion of the compensation films 13 and 23, the thick-
ness of the passivation layer is determined such that R
(red)<G (green)<B (blue). If the wavelength dispersion of
the LC layer 3 is smaller than the wavelength dispersion of
the compensation films 13 and 23, the thicknesses of the
passivation layer is determined such that R (red)>G
(green)>B (blue).

[0089] The difference in the wavelength dispersion
between a L.C layer and the compensation films is also
compensated by differentiating black voltages for respective
colors, which is described hereinafter.
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[0090] FIG. 10 is a block diagram of an LCD according
to a fifth embodiment of the present invention.

[0091] Referring to FIG. 10, an LCD according to a fifth
embodiment of the present invention includes a signal
controller 550 including a color modifier 551 therein, a data
driver 430, a gate driver 420, and a L.C panel 300.

[0092] The LC panel 300 includes a TFT array panel, a
color filter panel, a LC layer in an OCB mode, a pair of
compensation films disposed to outer surfaces of the TFT
array panel and the color filter panel, a pair of polarization
films disposed on outer surfaces of the compensation films,
and so on. A plurality of gate lines and a plurality of data
lines insulated from and intersecting each other, a plurality
of TFTs and a plurality of pixel electrodes on a plurality of
pixel areas defined by intersections of the gate lines and the
data lines, and so on are provided on the TFT array panel.
The color filter panel includes a black matrix, a plurality of
red, green and blue color filters, a common electrode, etc.

[0093] The signal controller 550 including the color modi-
fier 551 receives image signals R, G and B as well as
synchronization signals Hsync and Vsync and docks DE and
MCLK for displaying the image signals for an external
graphic controller (not shown). The signal controller 550
performs color modification on the image signals and out-
puts the modified image signals to the data driver 430.
Furthermore, the signal controller 550 generates digital
timing signals for driving the data driver 430 and the gate
driver 420 and outputs the timing signals to the drivers 420
and 430.

[0094] In detail, the signal controller 550 provides a
plurality of signals for the data driver 430, such as a
horizontal clock HCLK for data shift in the data driver 430,
a horizontal synchronization start signal STH for instructing
the data driver 430 to analog convert the data and to apply
the converted analog values to the LCD panel 300, and a
load signal LOAD or TP for instructing the data driver 430
to load the data signals.

[0095] In addition, the signal controller 550 provides a
plurality of signals for the gate driver 420, such as a gate
clock for setting periods of gate signals to be applied to the
gate lines, a vertical synchronization start signal STV for
instructing to start the application of the gate signals, and an
output enable signal OE for enabling the output of the gate
driver 420.

[0096] In the meantime, the color modifier 551 incorpo-
rated into the signal controller 550 generates modified image
data corresponding to original image data from an external
graphic controller (not shown) and stores the modified
image data, which will be output by the signal controller 550
to the data driver 430.

[0097] When the LCD is an analog type, the LCD pref-
erably further includes an A/D converter for converting
analog original image signal from an external source into
digital original image data.

[0098] Although the color modifier 551 receives the origi-
nal image data from the external graphic controller (not
shown) and provides the modified data for the signal con-
troller in the above-described example according to the fifth
embodiment of the present invention, the color modifier 551
may be connected to output of the signal controller.
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[0099] In addition, although the above-described example
according to the fifth embodiment of the present invention
incorporates the color modifier into the signal controller, the
color modifier may be provided external to the signal
controller.

[0100] The data driver 430 receives and stores R, G and B
digital data (R[0:N], G[0:N], B[0:N]) from the signal con-
troller 550. The data driver selects data voltages correspond-
ing to the digital data and transmits the selected data
voltages to the LCD panel 300 upon the application of the
load signal LOAD for instructing to apply the data voltage
to the LCD panel 300.

[0101] Furthermore, the data driver 430 reverses polarities
of the data voltages for pixels arranged on the LCD panel
300 every frame. The frame inversion reversing polarity of
the pixels is performed for preventing the deterioration of
the liquid crystal. The gate driver 420 includes a shift
register, a level shifter, and a buffer.

[0102] The gate driver 420 receives the gate clock and the
vertical synchronization start signal STV from the signal
controller 550, and also receives a plurality of voltages such
as Von, Voff and Vecom (not shown) from a gate driving
voltage generator (not shown) or the signal controller 550.
The gate driver 420 then outputs gate signals to the gate lines
on the LCD panel 300 to turn on or off the TFTs.

[0103] The modification of the image data by the color
modifier 551 is performed based on the following rule.

[0104] When the wavelength dispersion of the LC layer in
the LCD panel 300 is larger than the wavelength dispersion
of the compensation films, the modification satisfies a rela-
600 Vipe>Vpreen>Vieg- It 18 because the retardation of the
LC layer is too large for the light with short wavelength.
That is, the gray voltage for the short wavelength is
increased compared with that for the long wavelength such
that the retardation of the LC layer for the short wavelength
is reduced.

[0105] On the contrary, when the wavelength dispersion of
the LC layer in the LCD panel 300 is smaller than the
wavelength dispersion of the compensation films, the modi-
fication satisfies a relation V<V, .,<V,.q. It is because
the retardation of the L.C layer is too small for the light with
short wavelength. That is, the gray voltage for the short
wavelength is decreased in comparison with that for the long
wavelength such that the retardation of the LC layer for the
short wavelength is increased.

[0106] The above-described modification of the image
data is performed for all grays, in particular for the grays
close to the black gray.

[0107] As described above, the value of the cell gap or the
gray voltage is differentiated depending on the color based
on the difference in the wavelength dispersion between a LC
layer and compensation films such that the black luminance
in an OCB mode LCD is decreased to improve the contrast
ratio.

[0108] While the present invention has been described in
detail with reference to the preferred embodiments, those
skilled in the art will appreciate that various modifications
and substitutions can be made thereto without departing
from the spirit and scope of the present invention as set forth
in the appended claims.
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What is claimed is:
1. A liquid crystal display comprising:

a first insulating substrate;

a plurality of gate lines formed on the first insulating
substrate;

a plurality of data lines insulated from the gate lines and
intersecting the gate lines to define a plurality of pixel
areas;

a plurality of pixel electrodes provided on the pixel areas;

a plurality of thin film transistors connected to the gate
lines, the data lines and the pixel electrodes;

a second insulating substrate facing the first insulating
substrate;

a commorn electrode formed on the second insulating
substrate;

a liquid crystal layer interposed between the first insulat-
ing substrate and the second insulating substrate and
aligned in an OCB mode;

first and second compensation films provided on outer
surfaces of the first and the second insulating substrate;
and

first and second polarization films provided on outer
surfaces of the first and the second compensation films,

wherein Rr=17 nm, Rg=15 nm and Rb=12 nm where
Rr, Rg and Rb are retardations in a black state for red,
green and blue lights, respectively.

2. A liquid crystal display comprising:

a first insulating substrate;

a plurality of gate lines formed on the first insulating
substrate;

a plurality of data lines insulated from the gate lines and
intersecting the gate lines to define red, green and blue
pixel areas;

a plurality of pixel electrodes provided on the pixel areas;

a plurality of thin film transistors connected to the gate
lines, the data lines and the pixel electrodes;

a second insulating substrate facing the first insulating
substrate;

a common electrode formed on the second insulating
substrate;

a liquid crystal layer interposed between the first insulat-
ing substrate and the second insulating substrate and
aligned in an OCB mode;

first and second compensation films provided on outer
surfaces of the first and the second insulating substrate;
and

first and second polarization film provided on outer sur-
faces of the first and the second compensation films,

wherein a cell gap of the liquid crystal layer has different
values on the red, the green and the blue pixel areas.

3. The liquid crystal display of claim 2, wherein wave-
length dispersion of the liquid crystal layer is larger than the
wavelength dispersion of the first and the second compen-
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sation films, and the cell gap has values on the red, the green
and the blue pixel areas satisfying:

the value on the red pixel area>the value on the green

pixel area>the value on the blue pixel area.

4. The liquid crystal display of claim 2, wherein wave-
length dispersion of the liquid crystal layer is smaller than
the wavelength dispersion of the first and the second com-
pensation films, and the cell gap has values on the red, the
green and the blue pixel areas satisfying:

the value on the red pixel area<the value on the green

pixel area<the value on the blue pixel area.

5. The liquid crystal display of claim 2, further comprising
red; green and blue color filters disposed between the second
insulating substrate and the common electrode, arranged
corresponding to the red, the green and the blue pixel areas,
respectively, and having different thicknesses.

6. The liquid crystal display of claim 2, further compris-
ing:

red, green and blue color filters disposed between the
second insulating substrate and the common electrode,
arranged corresponding to the red, the green and the
blue pixel areas, respectively;

a gate insulating layer insulating the gate lines and the
data lines; and

a passivation layer insulating the data lines and the pixel
electrodes and protecting the thin film transistors,

wherein the green color filter is thicker than the red and
the blue color filters and portions of the gate insulating
layer and the passivation layer on the red and the green
pixel areas are removed.
7. The liquid crystal display of claim 2, further compris-
ing:

red, green and blue color filters disposed between the
second insulating substrate and the common electrode,
arranged corresponding to the red, the green and the
blue pixel areas, respectively;

a gate insulating layer insulating the gate lines and the
data lines; and

a passivation layer insulating the data lines and the pixel
electrodes and protecting the thin film transistors,

wherein the green color filter is thicker than the red and
the blue color filters and portions of the gate insulating
layer and the passivation layer on the blue and the green
pixel areas are removed.
8. The liquid crystal display of claim 2, further compris-
ing:

a gate insulating layer insulating the gate lines and the
data lines; and

a passivation layer insulating the data lines and the pixel
electrodes and protecting the thin film transistors,

wherein the passivation layer has a thickness different on
the red, the green and the blue pixel areas.
9. A liquid crystal display comprising:

a first insulating substrate;

a plurality of gate lines formed on the first insulating
substrate;
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a plurality of data lines insulated from the gate lines and
intersecting the gate lines to define red, green and blue
pixel areas;

aplurality of pixel electrodes provided on the pixel areas;

a plurality of thin film transistors connected to the gate
lines, the data lines and the pixel electrodes;

a second insulating substrate facing the first insulating
substrate;

a common electrode formed on the second insulating
substrate;

a liquid crystal layer interposed between the first insulat-
ing substrate and the second insulating substrate and
aligned in an OCB mode;

first and second compensation films provided on outer
surfaces of the first and the second insulating substrate;

first and second polarization films provided on outer
surfaces of the first and the second compensation films;

a gate driver sequentially applying a gate-on voltage to
the gate lines for turning on the thin film transistors;
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a data driver applying data voltages to the data lines; and

a controller converting red, green and blue original image
data from an external device into modified image data
based on the difference in the wavelength dispersion
between the compensation films and the liquid crystal
layer, transmitting the modified image data to the data
driver, and generating timing signals for controlling
operation of the gate driver and the data driver to be
output to the gate driver and the data driver.

10. The liquid crystal display of claim 9, wherein wave-
length dispersion of the liquid crystal layer is larger than the
wavelength dispersion of the first and the second compen-
sation films, and the controller performs the data conversion
such that Vi, >V een>Vyeq for a gray.

red

11. The liquid crystal display of claim 9, wherein wave-
length dispersion of the liquid crystal layer is smaller than
the wavelength dispersion of the first and the second com-
pensation films, and the controller performs the data con-
version such that V,; <V, . <V, for a gray.

green
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