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are successively arranged, the ratios the liquid crystal
capacitance, the storage capacitance, the parasitic capaci-
tance, and ratio of channel width and length (W/L) of the
switching elements between the red and green pixels and the
blue and white pixels are same is provided.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention

[0002] The present invention relates to a liquid crystal
display (LCD), and in particular, to a four color filter
(RGBW) LCD.

[0003] (b) Description of the Related Art

[0004] An LCD is one of the most popular flat panel
displays. Generally, a liquid crystal display has two sub-
strates with electrodes, and a liquid crystal layer sandwiched
between the two substrates. Voltages are applied to the
electrodes so that the liquid crystal molecules in the liquid
crystal layer are re-oriented to thereby control light trans-
mission.

[0005] A basic LCD has two substrates respectively hav-
ing electrodes for producing an electric field. One of the two
substrates has a plurality of pixel electrodes arranged in a
matrix shape, and the other has a common electrode cover-
ing the entire display area of the substrate.

[0006] The liquid crystal display has a plurality of pixels
with pixel electrodes and color filters of red, green, and blue.
The pixels are driven by way of signals applied through the
wiring lines. The wiring lines include scanning signal lines
or gate lines for carrying scanning signals, and picture signal
lines or data lines for carrying the picture signals. Thin film
transistors are formed at the respective pixels while each is
connected to one gate line and one data line. The picture
signals applied to the pixel electrodes are controlled by way
of the thin film transistors.

[0007] There are several types of arrangement with the
color filters of red, green, and blue. Among them are a stripe
type where the color filters of the same color are arranged at
the respective pixel columns; a mosaic type where the color
filters of red, green, and blue are sequentially arranged in the
pixel row and column directions; and a delta type where the
pixels are zigzag-alternated in the pixel column direction,
and the color filters of red, green, and blue are sequentially
arranged at the pixels. In the case of the delta type, the three
unit pixels with the color filters of red, green, and blue are
operated as one dot, and this makes it easy to express a circle
or a diagonal line.

[0008] The Clairvoyante, Inc. laboratories have proposed
a pixel arrangement structure called the “PenTile Matrix™,”
which has a high resolution expression capacity advanta-
geous in displaying pictures while involving minimized
design cost. In such a pixel arrangement structure, the unit
pixel of blue is common to two dots, and the neighboring
blue pixels receive the data signals from one data driving IC
while being driven by two different gate driving ICs. With
the use of the PenTile Matrix pixel structure, the resolution
of the UXGA level can be realized by way of a display
device of the SVGA level. Furthermore, the number of
low-cost gate driving ICs is increased, but the number of
high-cost data driving ICs is decreased. This minimizes the
design cost for the display device.

[0009] However, the PenTile Matrix pixel structure has
defects such as the arrangement of gate lines and data lines
is complex and the aperture ratio is low because the complex
gate lines and data lines diminish the aperture area. Further,
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a difference of pixel area among the red, green, and blue
pixels induces a difference of pixel parameters such as
storage capacitance (Cst) and liquid crystal capacitance
(Clc). This difference of pixel parameters results in display
defects such as flicker.

[0010] A four color LCD (RGBW LCD) using red (R),
green (G), blue (B), and white (W) color filters is being
developed for increasing brightness. There are two types of
RGBW LCD, which are distinguished by their arrangement
of color filters. One is a stripe type and the other is a
checkerboard type. In a stripe type of LCD, a dot comprise
four pixels of red, green, blue, and white, and the number of
data lines is increased by 25% over an LCD using only red,
green, and blue color filters. In a checkerboard type, the
number of data lines is decreased by 30% with respect to an
LCD using only red, green, and blue color filters, but the
number of gate lines is increased by twice compared to an
LCD using only red, green, and blue color filters. For
solving such a problem, a white pixel may share the area of
one of the red, green, and blue pixels. In particular, it is
appropriate for a blue pixel to share its area with the white
pixel.

SUMMARY OF THE INVENTION

[0011] The present invention is to provide an LCD having
improved image quality.

[0012] The present invention provides a liquid crystal
display comprising an insulating substrate; a plurality of
gate lines formed on the insulating substrate; a plurality of
data lines formed on the insulating substrate and crossing the
gate lines; a plurality of switching elements connected to the
gate lines and data lines; and a plurality of pixel electrodes
connected to the switching element, and wherein dots each
having red, green, blue, and white pixels are successively
arranged, and total capacitance of each pixel, which consists
of liquid crystal capacitance and storage capacitance, are
equal.

[0013] Here, one of the pixels included in a dot may have
a different pixel electrode area from the others, or two of the
pixels included in a dot have a different pixel electrode area
from the others.

[0014] The red pixel electrode and the green pixel elec-
trode may have the same area, the blue pixel electrode and
the white pixel electrode may have the same area, and the
sum of areas of the red and green pixel electrodes may be
different from the sum of areas of the blue and white pixel
electrodes.

[0015] When the ratio of liquid crystal capacitance of the
red and green pixels versus the blue and white pixels is a:b
and the ratio of storage capacitance of the red and green
pixels versus the blue and white pixels is c:b, the equations
a+c=b+d and <c/d<1 are preferably satisfied.

[0016] The present invention provides a liquid crystal
display comprising an insulating substrate; a plurality of
gate lines formed on the insulating substrate; a plurality of
data lines formed on the insulating substrate and crossing the
gate lines; a plurality of switching elements connected to the
gate lines and data lines; and a plurality of pixel electrodes
connected to the switching element, and wherein dots each
having red, green, blue, and white pixels are successively
arranged, liquid crystal capacitance of the red and green
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pixels is larger than that of the blue and white pixels,
parasitic capacitance of the red and green pixels is larger
than that of the blue and white pixels, and kick-back
voltages of the red, green, blue, and white pixel are equal.

[0017] The present invention provides a liquid crystal
display comprising an insulating substrate; a plurality of
gate lines formed on the insulating substrate; a plurality of
data lines formed on the insulating substrate and crossing the
gate lines; a plurality of switching elements connected to the
gate lines and data lines; and a plurality of pixel electrodes
connected to the switching element, and wherein dots each
having red, green, blue, and white pixels are successively
arranged, and all of the ratios of liquid crystal capacitance,
storage capacitance, and the parasitic capacitance between
the red and green pixels and the blue and white pixels are the
same.

[0018] The present invention provides a liquid crystal
display comprising an insulating substrate; a plurality of
gate lines formed on the insulating substrate; a plurality of
data lines formed on the insulating substrate and crossing the
gate lines; a plurality of switching elements connected to the
gate lines and data lines; and a plurality of pixel electrodes
connected to the switching element, and wherein dots each
having red, green, blue, and white pixels are successively
arranged, the ratios of total capacitance including liquid
crystal capacitance and storage capacitance, the parasitic
capacitance, and ratio of channel width and length (W/L) of
the switching element between the red and green pixels and
the blue and white pixels are same.

[0019] The present invention provides a liquid crystal
display comprising an insulating substrate; a plurality of
gate lines formed on the insulating substrate; a plurality of
data lines formed on the insulating substrate and crossing the
gate lines; a plurality of switching elements connected to the
gate lines and data lines; and a plurality of pixel electrodes
connected to the switching element, and wherein dots each
having red, green, blue, and white pixels are successively
arranged, and the ratios the liquid crystal capacitance, the
storage capacitance, the parasitic capacitance, and ratio of
channel width and length (W/L) of the switching elements
between the red and green pixels and the blue and white
pixels are the same.

[0020] The present invention provides a liquid crystal
display comprising an insulating substrate, a plurality of
gate lines formed on the insulating substrate, a plurality of
data lines formed on the insulating substrate and crossing the
gate lines, a plurality of switching elements connected to the
gate lines and data lines, and a plurality of pixel electrodes
connected to the switching element, wherein red, green,
blue, and white pixel electrodes are respectively formed on
the red, green, blue, and white pixels; two red pixel elec-
trodes, two green pixel electrodes, one blue pixel electrode,
and one white pixel electrode are comprised in a dot; the red
and green pixel electrodes are sequentially aligned along a
row and column and a blue and white pixel electrodes; the
blue and white pixel electrodes form a lozenge extending
over two pixel columns; two red pixel electrodes are respec-
tively included in two adjacent pixel columns and face each
other obliquely while the lozenge formed of the blue and
white pixel electrodes is disposed between them; a data line
is disposed between the blue and white pixel electrodes; the
blue and white pixel electrodes are respectively connected to
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the switching elements; and the ratios the liquid crystal
capacitance, the storage capacitance, the parasitic capaci-
tance, and the ratios of channel width and length (W/L) of
the switching elements between the red and green pixels and
the blue and white pixels are the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other advantages of the present
invention will become more apparent by describing pre-
ferred embodiments thereof in detail with reference to the
accompanying drawings, in which:

[0022] FIG. 1 is a pixel layout of an LCD according to a
first exemplary embodiment of the present invention;

[0023] FIG. 2 is a layout view of a thin film transistor
array panel for an LCD according to the first exemplary
embodiment of the present invention;

[0024] FIGS. 3a and 3b are sectional view of the LCD
shown in FIG. 2 respectively taken along the lines [Tla-IITa’
and IIIb-IIIb';

[0025] FIG. 4a is a schematic view of a red or green pixel
of a conventional LCD, and FIG. 4b is a schematic view of
a blue or white pixel of a conventional LCD.

[0026] FIG. 5a is a schematic view of a red or green pixel
of an LCD according to the first exemplary embodiment of
the present invention, and FIG. 5b is a schematic view of a
blue or white pixel of an LCD according to the first
exemplary embodiment of the present invention.

[0027] FIG. 6a is a schematic view of a red or green pixel
of an LCD according to a second exemplary embodiment of
the present invention, and FIG. 6b is a schematic view of a
blue or white pixel of an LCD according to a second
exemplary embodiment of the present invention.

[0028] FIG. 7ais an enlarged view of a thin film transistor
of an LCD according to a third exemplary embodiment,
wherein the thin film transistor is disposed in a red or green
pixel, and FIG. 7b is an enlarged view of a thin film
transistor of an LCD according to a third exemplary embodi-
ment, wherein the thin film transistor is disposed in a blue
or white pixel.

[0029] FIG. 8a is a schematic view of a red or green pixel
of an LCD according to a third exemplary embodiment of
the present invention, and FIG. 8b is a schematic view of a
blue or white pixel of an LCD according to a third exem-
plary embodiment of the present invention.

[0030] FIG. 9a is a schematic view of a red or green pixel
of an LCD according to a fourth exemplary embodiment of
the present invention, and FIG. 95 is a schematic view of a
blue or white pixel of an LCD according to a fourth
exemplary embodiment of the present invention.

[0031] FIG. 10a 1s a schematic view of a red or green
pixel of an LCD according to a fifth exemplary embodiment
of the present invention, and FIG. 105 is a schematic view
of a blue or white pixel of an LCD according to a fifth
exemplary embodiment of the present invention.

[0032] FIG. 114 is a schematic view of a red or green pixel
of an LCD according to a sixth exemplary embodiment of
the present invention, and FIG. 115 is a schematic view of
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a blue or white pixel of an LCD according to a sixth
exemplary embodiment of the present invention.

[0033] FIG. 124 is a schematic view of PenTile Matrix
type of LCD including an enlarged blue pixel electrode.

[0034] FIG. 12b is a schematic view of a P1 type of
RGBW LCD having a reduced white pixel electrode.

[0035] FIG. 12c¢ is a schematic view of a stripe type of
RGBW LCD having reduced white and blue pixel elec-
trodes.

[0036] FIG. 124 is a schematic view of a P2 type of
RGBW LCD having a reduced white pixel electrode.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] The present invention will now 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 being
limited to the embodiments set forth herein.

[0038] 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.

[0039] An LCD according to a first exemplary embodi-
ment of the present invention will be described with refer-
ence to FIGS. 1 to 3b.

[0040] FIG. 1 is a pixel layout of an LCD according to a
first exemplary embodiment of the present invention; FIG.
2 is a layout view of a thin film transistor array panel for an
LCD according to the first exemplary embodiment of the
present invention; and FIGS. 3a and 3b are sectional views
of the LCD shown in FIG. 2 respectively taken along the
lines IMla-IMla" and IIb-IIIb'".

[0041] As shown in FIG. 1, red (R), blue (B), green (G),
red (R), blue (B), and green (G) pixels are sequentially
aligned along a first column, and green (G), white (W), red
(R), green (G), white (W), and red (R) pixels are sequen-
tially aligned along a second column which is adjacent to the
first column. Further, red (R) and green (G) pixels are
alternately aligned along a first row, and blue (B) and white
(W) pixels are aligned along a second row to form lozenges.

[0042] Red (R), blue (B), and green (G) pixels aligned
along the first column and green (G), white (W), and red (R)
pixels aligned along the second column form a dot. Accord-
ingly, a dot includes two red pixels, two green pixels, a blue
pixel, and a white pixel.

[0043] The triangular blue (B) and white (W) pixels
respectively included in the first and second columns have a
base in common and form a lozenge which is disposed at the
center of the dot.

[0044] Two red (R) pixels included in a dot are respec-
tively included in the first and second columns and face each
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other obliquely, while the lozenge formed of the blue (B)
and white (W) pixels is disposed between them. Two green
(G) pixels included in the dot are respectively included in the
first and second columns and face each other obliquely,
while the lozenge formed of the blue (B) and white (W)
pixels is disposed between them.

[0045] In other words, the base 50 and base vertices 51
and 52 of the triangular blue (B) and white (W) pixels are
parallel with a data line, and apexes 53 of the triangular blue
(B) and white (W) pixels are disposed on a line parallel with
a gate line.

[0046] A thin film transistor (TFT) array panel of the LCD
according to the first exemplary embodiment of the present
invention will be described in more detail with reference to
the FIGS. 2 to 3b.

[0047] Red pixel electrodes 190Ra and 190Rb, green pixel
electrodes 190Ga and 190Gb, a blue pixel electrode 190B,
and a white pixel electrode 190W respectively correspond to
the red, green, blue, and white pixels and form a dot.

[0048] Here, as shown in FIG. 2, two gate lines 121a and
121b are formed in a dot which has a rectangular shape. The
first gate line 121« transmits scanning signals for turning on
TFTs which switch the first red pixel electrode 190Ra, the
first green pixel electrode 190Ga, and the blue pixel elec-
trode 190B. The second gate line 1215 transmits scanning
signals for turning on TFTs which switch the second red
pixel electrode 190Rb, the second green pixel electrode
190Gb, and the white pixel electrode 190W.

[0049] Three straight data lines 171a, 171b, and 171c¢ are
formed in a dot which has a rectangular shape, and cross the
gate lines 121a and 121b. The first data line 171a transmits
image signals for the first red pixel electrode 190Ra and the
second green pixel electrode 190Gb. The second data line
171b transmits image signals for the blue pixel electrode
190B and the white pixel electrode 190W. The third data line
171c transmits image signals for the second red pixel
electrode 190Rb and the first green pixel electrode 190Ga.

[0050] Six TFTs are respectively formed near the cross
portions. The six TFTs include gate electrodes 124a and
124b respectively connected to the gate lines 121a and 1215,
source electrodes 173a, 173b, and 173c¢ respectively con-
nected to the data lines 171a, 1715, and 171¢, drain elec-
trodes 1754, 175b, and 175¢, and semiconductors 154.

[0051] The pixel electrodes 190Ra, 190Rb, 190Ga,
190Gb, 190B, and 190W are respectively formed in each
pixels and are respectively connected to the six TFTs.

[0052] The blue and white pixel electrodes 190B and
190W are disposed on both sides of the second data line
171b. Therefore, the second data line 1715 transmitting
image signals for the blue and white pixel electrodes 190B
and 190W can be formed as a straight line. Accordingly,
resistance of the data line 171b does not increase.

[0053] The blue and white pixel electrodes 190B and
190W can be independently driven by forming TFTs for
each pixel.

[0054] Meanwhile, widths of the expansions 129a and
1296 of the gate lines 121a and 121 are expanded for
contacting an external circuit and receiving scanning sig-
nals, and widths of the expansions 1794, 1796, and 179¢ of
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the data lines 171¢, 171b, and 171c¢ are expanded for
contacting an external circuit and receiving image signals.

[0055] A storage electrode line 130 is formed on the same
layer with the gate lines 121¢ and 1215 to form a storage
capacitance by overlapping with the pixel electrodes 190Ra,
190Rb, 190Ga, 190Gb, 190B, and 190W. The storage elec-
trode line 130 is disposed along pixel boundary lines to
overlap boundary portions of the all of the pixel electrode
190Ra, 190Rb, 190Ga, 190Gb, 190B, and 190W.

[0056] The storage electrode line 130 is disposed centered
between the gate lines 121a and 1215 for being shared by all
of the pixel electrodes 190Ra, 190Rb, 190Ga, 190Gb, 190B,
and 190W. Therefore, the apexes 53 of the triangular blue
and white pixel electrodes 190B and 190W are disposed on
the storage electrode line 130.

[0057] The TFT array panel of the LCD according to the
first exemplary embodiment will be described in detail.

[0058] A plurality of gate lines 121a and 1215 and a
plurality of storage electrode lines 130 are formed on an
insulating substrate 110. The gate lines 121a and 121b
extend substantially in a transverse direction and are sepa-
rated from each other and transmit scanning signals. The
gate lines 121a and 1215 have a plurality of gate electrodes
124a and 124b which respectively protrude downward and
upward and expansions 1294 and 1295 for connecting to an
external circuit.

[0059] The gate lines 121 and 1215 and the storage
electrode lines 130 may have a multi-layered structure
including two films having different physical characteristics,
ie., a lower film (not shown) and an upper film (not shown).
The upper film is preferably made of low resistivity metal
including an Al-containing metal such as Al and an Al alloy
for reducing signal delay or voltage drop in the gate lines
121a and 1215 and the storage electrode lines 130. On the
other hand, the lower film is preferably made of a material
such as Cr, Mo, or a Mo alloy (for example MoW), which
have good contact characteristics with other materials such
as indium tin oxide (ITO) and indium zinc oxide (IZO).
Good exemplary combinations of the lower film material
and the upper film material are Cr/Al and Cr/Al-Nd alloy.

[0060] In addition, the lateral sides of the gate lines 121a
and 121b and the storage electrode lines 131 are tapered, and
the inclination angle of the lateral sides with respect to a
surface of the substrate 110 ranges about 30-80 degrees.

[0061] The storage electrode line 130 overlaps with por-
tions of the pixel electrodes 190Ra, 190Rb, 190Ga, 190Gb,
190B, and 190W to form storage capacitance for enhancing
charge possession ability of pixels.

[0062] A gate insulating layer 140 preferably made of
silicon nitride (SiNx) is formed on the gate lines 121 and
1215 and the storage electrode lines 131.

[0063] A plurality of semiconductor stripes 151 preferably
made of hydrogenated amorphous silicon (abbreviated to
“a-Si”) are formed on the gate insulating layer 140. Each
semiconductor stripe 151 extends substantially in the lon-
gitudinal direction and has a plurality of projections 154
branched out toward the gate electrodes 124a and 124b.

[0064] Aplurality of ohmic contact stripes and islands 161
and 165 preferably made of silicide or n+hydrogenated a-Si

Mar. 31, 2005

heavily doped with n-type impurities are formed on the
semiconductor stripes 151. Each ohmic contact stripe 161
has a plurality of projections 163, and the projections 163
and the ohmic contact islands 165 are located in pairs on the
projections 154 of the semiconductor stripes 151.

[0065] The edge surfaces of the semiconductor stripes 151
and the ohmic contacts 161 and 165 are tapered, and the
inclination angles of the edge surfaces of the semiconductor
stripes 151 and the ohmic contacts 161 and 165 are prefer-
ably in a range of about 30-80 degrees.

[0066] A plurality of data lines 1714, 171b, and 171¢ made
of a material having low resistivity are formed on the ohmic
contacts 161 and 165 and the gate insulating layer 140.

[0067] The data lines 171a, 171b, and 171c for transmit-
ting image signals extend substantially in the longitudinal
direction and intersect the gate lines 121z and 121b. A
plurality of branches of each data line 171a, 1716, and 171c,
which project toward the drain electrodes 173a, 175b, and
175c¢, form a plurality of source electrodes 173a, 173b, and
173c. Each pair of the source electrodes 1734, 173b, and
173¢ and the drain electrodes 175z, 175b, and 175¢ is
separated from each other and opposite of each other with
respect to a gate electrode 124a and 124b. The gate elec-
trodes 124a, 124b, and 124c, the source electrodes 1734,
173b, and 173c, and the drain electrodes 175a, 175b, and
175¢ along with a projection 154 of a semiconductor stripe
151 forms a TFT having a channel formed in the projection
154 disposed between the source electrodes 173a, 173b, and
173¢ and the drain electrodes 175a, 175b, and 175¢.

[0068] The data line 171a, 171b, and 171c respectively
include expansions 179a, 179b, and 179c having a wider
width for contact with another layer or an external device.

[0069] The data lines 171a, 171b, and 171c and the drain
electrodes 1754, 175b, and 175¢ may have a multi-layered
structure including two films having different physical char-
acteristics, i.e., a lower film (not shown) and an upper film
(not shown). The upper film is preferably made of a low
resistivity metal including an Al-containing metal such as Al
or an Al alloy for reducing signal delay or voltage drop in the
data lines. On the other hand, the lower film is preferably
made of a material such as Cr, Mo, or a Mo alloy, which has
good contact characteristics with other materials such as
indium tin oxide (ITO) and indium zinc oxide (IZO). Good
exemplary combinations of the lower film material and the
upper film material are Cr/Al and Cr/Al-Nd alloy.

[0070] In addition, the lateral sides of the data lines 1714,
171b, and 171c¢ and the drain electrodes 1754, 175b, and
175¢ are tapered, and the inclination angle of the lateral
sides with respect to a surface of the substrate 110 ranges
about 30-80 degrees.

[0071] The ohmic contacts 161 and 165 exist only
between the semiconductor 151 and the data lines 171a,
171b, and 171c¢ and the drain electrodes 1754, 175b, and
175¢ and have a function of lowering the contact resistance
between the underlying semiconductor 151 and the overly-
ing data lines 171a, 171b, and 171¢ and drain electrodes
175a, 175b, and 175¢. The semiconductor stripes 151 have
substantially the same planar shape as the ohmic contacts
161 and 165, except for the projections 154 where TFTs are
provided.
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[0072] A passivation layer 180 is formed on the data lines
171a, 1715, and 171c¢ and the drain electrodes 175a, 1755b,
and 175¢. The passivation layer 180 is preferably made of a
flat photosensitive organic material and a low dielectric
insulating material having a dielectric constant under 4.0
such as a-S1:C:0 and a-Si:O:F formed by plasma enhanced
chemical vapor deposition (PECVD), or an inorganic mate-
rial such as silicon nitride and silicon oxide.

[0073] The passivation layer 180 has a plurality of contact
holes 182a, 182b, 182c, 185Ra, 185Ga, 1858, 185Rb,
185Gb, and 185W exposing the drain electrodes 1754, 1755,
and 175¢ and the expansions 1794, 179b, and 179¢ of the
data lines 171a, 171b, and 171c, respectively. The passiva-
tion layer 180 and the gate insulating layer 140 have a
plurality of contact holes 181z and 181b exposing the
expansions 1292 and 1295 of the gate lines 121 and 1215.

[0074] The contact holes 181a, 181b, 182a, and 182b
expose the expansions 1292, 129b, 1794, 179b, and 179c.
The contact holes 185Ra, 185Ga, 185B, 185Rb, 185Gb, and
185W expose portions of the drain electrode 1754, 175b, 8
and 175c¢. Here, the contact holes 185Ra, 185B, and 185Ga
respectively expose the drain electrodes 175a, 175b, and
175¢ which are respectively connected to the first red pixel
electrode 190Ra, blue pixel electrode 190B, and first green
pixel electrode 190Ga, and the contact holes 185Gb, 185W,
and 185Rb respectively expose the drain electrodes 1754,
175b, and 175¢ which are respectively connected to the
second green pixel electrode 190Gb, white pixel electrode
190W, and second red pixel electrode 190Rb.

[0075] A plurality of pixel electrodes 190Ra, 190Rb,
190Ga, 190Gb, 190B, and 190W and a plurality of contact
assistants 81¢, 81b, 824, and 82b, which are preferably made
of transparent conductive material such as ITO or [ZO, are
formed on the passivation layer 180.

[0076] The pixel electrodes 190Ra, 190Rb, 190Ga,
190Gb, 190B, and 190W have shapes to conform to their
pixel boundaries.

[0077] The pixel electrodes 190Ra, 190Rb, 190Ga,
190Gb, 190B, and 190W are physically and electrically
connected to the drain electrodes 1754, 175b, and 175¢
through the contact holes 185Ra, 185Ga, 185B, 185Rb,
185Gb, and 185W and receive data voltages from the drain
electrodes 175a, 175b, and 175¢. The pixel electrodes
190Ra, 190RDb, 190Ga, 190Gb, 190B, and 190W receive
data voltages to produce electric fields along with a common
electrode (not illustrated) formed on the other substrate (not
illustrated) and receiving common voltage. The electric
fields formed between the pixel electrodes 190Ra, 190Rb,
190Ga, 190Gb, 190B, and 190W and the common electrode
rearrange liquid crystal molecules therebetween.

[0078] The pixel electrodes 190Ra, 190Rb, 190Ga,
190Gb, 190B, and 190W and the common electrode make
capacitors (to be called “liquid crystal capacitors”) to sustain
voltages between them after the TFTs being turned off.
Storage capacitors are connected to the liquid crystal capaci-
tors in parallel to enhance ability of sustaining voltage. The
storage capacitors are made by overlapping of the pixel
electrodes 190Ra, 190Rb, 190Ga, 190Gb, 190B, and 190W
and previous gate lines 121a and 1215 or storage electrode
lines formed separately.

[0079] The storage electrode line 130 is formed on the
same layer as the gate lines 121a and 1215 and is applied
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with a separate voltage such as the common voltage. Con-
ductors which are overlapped with the previous gate line or
the storage electrode line may be formed under the passi-
vation layer 180 to increase storage capacitance.

[0080] A portion of the drain electrode 175b connected to
the blue pixel electrode 190B is elongated along the bound-
ary of the blue pixel electrode 190B and the first red pixel
electrode 190Ra. The end part of the elongated portion of the
drain electrode 175b is connected to the blue pixel electrode
190B through the contact hole 185B. The contact hole 185B
is disposed on the storage electrode line 130 to prevent
reduction of aperture ratio.

[0081] The end part of the drain electrode 175b connected
to the blue pixel electrode 190B is overlapped with the
storage electrode line 130. Since the drain electrode 175b is
nearer than the blue pixel electrode 190B to the storage
electrode line 130, the storage capacitance (Cstb) between
the storage electrode line 130 and the blue pixel electrode
190B is increased due to the drain electrode 175b. Further-
more, the aperture ratio is also increased due to the over-
lapping of the storage electrode line 130 and the drain
electrode 175b.

[0082] Similarly, a portion of the drain electrode 175b
connected to the white pixel electrode 190W is elongated
along the boundary of the white pixel electrode 190W and
the second red pixel electrode 190Rb. The end part of the
elongated portion of the drain electrode 1755 is connected to
the white pixel electrode 190W through the contact hole
185W. The contact hole 185W is disposed on the storage
electrode line 130 to prevent reduction of aperture ratio.

[0083] The end part of the drain electrode 175b connected
to the white pixel electrode 190W is overlapped with the
storage electrode line 130. Since the drain electrode 175b is
nearer than the white pixel electrode 190W to the storage
electrode line 130, the storage capacitance between the
storage electrode line 130 and the white pixel electrode
190W is increased due to the drain electrode 175b. Further-
more, the aperture ratio is also increased due to the over-
lapping of the storage electrode line 130 and the drain
electrode 175b.

[0084] The storage electrode line 130 is disposed along the
boundary of the blue pixel electrode 190B and the second
green pixel electrode 190Gb and the boundary of the white
pixel electrode 190W and the first green pixel electrode
190Ga to make storage capacitances.

[0085] The storage electrode line 130 disposed along the
boundary of the first red pixel electrode 190Ra and the blue
pixel electrode 190B, the second red pixel electrode 190Rb
and the white pixel electrode 190W, the blue pixel electrode
190B and the second green pixel electrode 190Gb, and the
white pixel electrode 190W and the first green pixel elec-
trode 190Ga plays a role of a light blocking layer to block
the light of the back light.

[0086] It is preferable for an LCD having the above-
described pixel structure to use a rendering method for
improving resolution. One of the rendering methods is as
follows. When a specific pixel needs to have a gray voltage
which is not available to display a specific image, predeter-
mined gray voltages are applied to the adjacent pixels along
with the specific pixel to display the specific image.
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[0087] Henceforth, Cler means the capacitance of the
liquid erystal capacitor made between the red pixel elec-
trodes 190Ra and 190Rb and the common electrode; Cstr
means the capacitance of the storage capacitor made
between the red pixel electrodes 190Ra and 190Rb and the
storage electrode line 130; Cleg means the capacitance of
the liquid crystal capacitor made between the green pixel
electrodes 190Ga and 190Gb and the common electrode;
Cstg means the capacitance of the storage capacitor made
between the green pixel electrodes 190Ga and 190Gb and
the storage electrode line 130; Clcb means the capacitance
of the liquid crystal capacitor made between the blue pixel
electrode 190B and the common electrode; Cstb means the
capacitance of the storage capacitor made between the blue
pixel electrode 190B and the storage electrode line 130,
Clew means the capacitance of the liquid crystal capacitor
made between the white pixel electrode 190W and the
common electrode; and Cstw means the capacitance of the
storage capacitor made between the white pixel electrode
190W and the storage electrode line 130.

[0088] The LCD according to the first exemplary embodi-
ment of the present invention has a P2 type of RGBW pixel
structure. Accordingly, the red pixel electrodes 190Ra and
190Rb and the green pixel electrodes 190Ga and 190Gb
have the same area, and the blue pixel electrode 190B and
the white pixel electrode 190W have the same area. The sum
of areas of the red and green pixel electrodes 190Ra, 190RbD,
190Ga, and 190Gb is twice that of the sum of areas of the
blue and white pixel electrodes 190B and 190W.

[0089] Therefore,

Cler+Cleg: Cleb+Clew=2:1.

[0090] Total capacitance of a pixel is composed of the
liquid crystal capacitance and the storage capacitance.
Therefore, when the liquid crystal capacitance is different,
the total capacitance of a pixel is also different. Meanwhile,
a difference of capacitance among pixels in an LCD causes
variation of kick-back voltage among pixels and results in
display defects such as flicker.

[0091] The kick-back voltage is described by the follow-
ing Equation 1. In Equation 1, VKb, Cle, Cst, Cgd, and Vg
respectively represent the kick-back voltage, the liquid crys-
tal capacitance formed between the pixel electrode and
common electrode, the storage capacitance formed between
the storage electrode line and pixel electrode, the parasitic
capacitance formed between the gate and drain electrodes,
and the gate line voltage.

Vkb={Cgd/(Cgd+Cle+Cst)}AVg

[0092] Equation 1 says that when Clc is different among
pixels, Vkb is also different. This means that there is
kick-back voltage variation among pixels.

[0093] According to Equation 1, the storage capacitance
can be adjusted to make total capacitance of pixels equal and
to result in preventing a variation of kick-back voltage. That
is, the storage capacitance is adjusted to make the capaci-
tance sums of Cler and Cstr, Clcg and Cstg, Clcb and Cstb,
and Clew and Cstw equal. To adjust the storage capacitance,
the overlapping area of the storage electrode lines 130 and
the pixel electrodes is increased.

[0094] When Cler (or Clcg) is larger than the Clcb (or
Clew) due to the area of the red pixel electrodes 190Ra and

[Equation 1]
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190Rb (or the green pixel electrodes 190Ga and 190Gb)
being larger than the area of the blue pixel electrode 190B
(or the white pixel electrode 190W), the storage electrode
line 130 is modified in order for the overlapping area of the
red pixel electrodes 190Ra and 190Rb (or the green pixel
electrodes 190Ga and 190Gb) and the storage electrode line
130 to be smaller than that of the blue pixel electrode 190B
(or the white pixel electrode 190W) and the storage elec-
trode line 130.

[0095] In the LCD according to the first exemplary
embodiment of the present invention, the red pixel elec-
trodes 190Ra and 190Rb and the green pixel electrodes
190Ga and 190Gb have the same area. The blue pixel
electrode 190B and the white pixel electrode 190W have the
same arca. The sum of areas of the red and green pixel
clectrodes 190Ra, 190Rb, 190Ga, and 190Gb is twice that of
the sum of areas of the blue and white pixel electrodes 190B
and 190W. Therefore, Cler+Cleg: Cleb+Clew=2:1.

[0096] The equation Cler (or Cleg)+Cstr (or Cstg)=Clcb
(or Clew)+Cstb (or Cstw) needs to be satisfied for prevent-
ing variation of kick-back voltage. Therefore, Cstb (or Cstw)
is adjusted to be twice the size of Cstr (or Cstg) for
complementing deficiency of the liquid crystal capacitance.

[0097] Since the liquid crystal capacitance Cler, Cleg,
Cleb, and Clew depend on the pixel voltage, the total
capacitance of pixels varies according to the gray voltage.
This means that variation of the total capacitance among
pixels can be induced by their gray voltage.

[0098] That is, variation of the liquid crystal capacitance
of red pixels, ACler (or green pixels, AClcg) is larger than
that of the blue pixel, AClcb (or white pixel, AClew).
Therefore, the total capacitance of the red pixel electrodes
190Ra and 190Rb, Cler+Cstr (or the green pixel electrodes
190Ga and 190Gb, Cleg+Cstg), can be different from that of
the blue pixel electrode 190B, Cleb+Cstb (or the white pixel
electrode 190W, Clew+Cstw). Such a total capacitance
difference induces variation of Vkb. To reduce dependency
of the total capacitance about the gray voltage, the storage
capacitance Cstr, Cstg, Cstb, and Cstw are preferably
formed to have larger values.

[0099] Accordingly, in the second exemplary embodiment
of the present invention, Cstr and Cstg are adjusted to be
twice as large and the Cstb and Cstw are adjusted to be one
and one half times as large as those of the first exemplary
embodiment. Such adjustments are done by adjusting over-
lapping area of the storage electrode line and the pixel
electrode.

[0100] When the ratio of Cler (or Cleg) and Cleb (or Clew)
is a:b and the ratio of Cstr (or Cstg) and Cstb (or Cstw) is
c:b, the storage capacitances Cstr, Cstg, Cstb, and Cstw are
increased to satisfy equations a+c=b+d and %:<c/d <1.

[0101] Now, the above-described effect will be concretely
described using specific values with reference to FIGS. 4a
to 5b.

[0102] FIG. 4a is a schematic view of a red or green pixel
of a conventional LCD and FIG. 4b is a schematic view of
a blue or white pixel of a conventional LCD.

[0103] In FIG. 44, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 1, Cgdr (or Cgdg) is 0.1, and the width of
the portion of the storage electrode line 130RG overlapping
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the pixel electrode 190RG is 110 um. Here, units of Cler (or
Cleg), Cstr (or Cstg), and Cgdr (or Cgdg) are omitted
because their ratio is the only factor of concern.

[0104] In FIG. 4b, Clcb (or Clew) ranges from 0.9 to 1.1,
Cstb (or Cstw) is 1, Cgdb (or Cgdw) is 0.1, and the width of
the portion of the storage electrode line 130RW overlapping
the pixel electrode 190RW is 10 gm. Here, units of Cleb (or
Clew), Cstb (or Cstw), and Cgdb (or Cgdw) are omitted
because their ratio is the only factor of concern.

[0105] In FIGS. 4a and 4b, the area ratio of the red pixel
electrode (or the green pixel electrode) versus the blue pixel
electrode (or the white pixel electrode) is 2:1. Accordingly,
Cler (or Cleg): Cleb (or Clew)=2:1.

[0106] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the red pixel or the green pixel
is calculated according to Equation 1 as follows.

Vikbr(or Vkbg) = (0.1%20)/(0.1+1+2)

=0.645

[0107] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the blue pixel or the white
pixel is calculated according to Equation 1 as follows.

Vkbb (or Vkbw) = (0.1x20)/ (0.1 +1+1)

=0952

[0108] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) reaches 0.307. Such a large value of
AVKkb induces display defects such as flicker.

[0109] When the liquid crystal capacitances Cler, Cleg,
Clcb, and Clew are increased by 10% due to transition of
gray voltage, kick-back voltage of the red pixel or the green
pixel is calculated according to Equation 1 as follows.

Vkb (or Vkbg) = (0.1%20)/(0.1+1+2.2)

=0.606

[0110] In this condition, kick-back voltage of the blue
pixel or the white pixel is calculated according to Equation
1 as follows.

Vkbb (or Vkbw) = (0.1+20)/(0.1 +1+1.1)

=0.909

[0111] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) reaches 0.303. Such a large value of
AVKkb induces display defects such as flicker.
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[0112] The LCD illustrated in FIGS. 4a and 4b has display
defects such as flicker due to variation of kick-back voltage
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel). However, an LCD illustrated in FIGS.
5a and 5b does not have such display defects because the
total capacitance of each pixel is made to be equal by
increasing storage capacitance.

[0113] FIG. 5a is a schematic view of a red or green pixel
of an LCD according to the first exemplary embodiment of
the present invention, and FIG. 5b is a schematic view of a
blue or white pixel of an LCD according to the first
exemplary embodiment of the present invention.

[0114] In FIG. 54, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 1, Cgdr (or Cgdg) is 0.1, and the width of
the portion of the storage electrode line 130RG overlapping
the pixel electrode 190RG is 10um.

[0115] InFIG. 5b, Clcb (or Clew) ranges from 0.9 to 1.1,
Cstb (or Cstw) is 2, Cgdb (or Cgdw) is 0.1, and the width of
the portion of the storage electrode line 130RW overlapping
the pixel electrode 190RW is 20 um.

[0116] In FIGS. 5a and 5b, the area ratio of the red pixel
electrode (or the green pixel electrode) versus the blue pixel
electrode (or the white pixel electrode) is 2:1. Accordingly,
Cler (or Cleg): Cleb (or Clew)=2:1.

[0117] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the red pixel or the green pixel
is calculated according to Equation 1 as follows.

Vkbr(or Vkbg) = (0.1%20)/(0.1+1+2)

=0.645

[0118] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the blue pixel or the white
pixel is calculated according to Equation 1 as follows.

Vkbb (or Vikbw) = (0.1+20)/(0.1 +2+1)

=0.645

[0119] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) is 0. Therefore, there is no flicker.

[0120] When the liquid crystal capacitances Cler, Cleg,
Clcb, and Clew are increased by 10% due to transition of
gray voltage, kick-back voltage of the red pixel or the green
pixel is calculated according to Equation 1 as follows.

Vkb (or Vkbg) = (0.1+20)/(0.1+1+2.2)

=0.606

[0121] In this condition, kick-back voltage of the blue
pixel or the white pixel is calculated according to Equation
1 as follows.
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Vkbb (or Vikbw) = (0.120)/(0.1 +2+ 1.1)

=0.625

[0122] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) reaches 0.019. Even though the value of
AVKkb is small, it induces display defects such as flicker.

[0123] An LCD illustrated in FIGS. 64 and 6b does not
have such display defects regardless of gray voltage transi-
tion because the total capacitance of each pixel is modified
to be equal and the storage capacitances of the red, green,
blue, and white pixels are increased.

[0124] FIG. 6a is a schematic view of a red or green pixel
of an LCD according to a second exemplary embodiment of
the present invention, and FIG. 6b is a schematic view of a
blue or white pixel of an LCD according to a second
exemplary embodiment of the present invention.

[0125] In FIG. 6a, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 2, Cgdr (or Cgdg) is 0.1, and the width of
the portion of the storage electrode line 130RG overlapping
the pixel electrode 190RG is 20 um.

[0126] InFIG. 6b, Clcb (or Clew) ranges from 0.9 to 1.1,
Cstb (or Cstw) is 3, Cgdb (or Cgdw) is 0.1, and the width of
the portion of the storage electrode line 130RW overlapping
the pixel electrode 190RW is 30 um.

[0127] In FIGS. 6a and 6b, the area ratio of the red pixel
electrode (or the green pixel electrode) versus the blue pixel
electrode (or the white pixel electrode) is 2:1. Accordingly,
Cler (or Cleg): Cleb (or Clew)=2:1.

[0128] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the red pixel or the green pixel
is calculated according to Equation 1 as follows.

Vibr (ot Vikbg) = (0.1+20)/(0.1 +2+2)

=0.488

[0129] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the blue pixel or the white
pixel is calculated according to Equation 1 as follows.

Vkbb (or Vibw) = (0.1 #20)/(0.1 +3 +1)

=0.488

[0130] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) is 0. Therefore, there is no flicker.

[0131] When the liquid crystal capacitances Cler, Cleg,
Clcb, and Clew are increased by 10% due to transition of
gray voltage, kick-back voltage of the red pixel or the green
pixel is calculated according to Equation 1 as follows.
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Vikb (or Vikbg) = (0.120)/ (0.1 + 2+ 2.2)

=0.465

[0132] In this condition, kick-back voltage of the blue
pixel or the white pixel is calculated according to Equation
1 as follows.

Vkbb (or Vibw) = (0.1%20)/(0.1+3 +1.1)

=0.47¢

[0133] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) only reaches 0.011. Such a value of
AVkb is small enough that display defects such as flicker
induced by AVkb can be ignored.

[0134] One can adjust the parasitic capacitance formed
between the gate electrode 124 and the drain electrode 175
to prevent variation of kick-back voltage. Such a method
will be described as third and fourth exemplary embodi-
ments.

[0135] FIG. 7ais an enlarged view of a thin film transistor
of an LCD according to a third exemplary embodiment,
wherein the thin film transistor is disposed in a red or green
pixel, and FIG. 7b is an enlarged view of a thin film
transistor of an LCD according to a third exemplary embodi-
ment, wherein the thin film transistor is disposed in a blue
or white pixel.

[0136] In the third exemplary embodiment of the present
invention, Cgdr (or Cgdg) is increased to be larger than
Cgdb (or Cgdw) to make the kick-back voltage Vkb of
pixels equal. To adjust the parasitic capacitance, the over-
lapping area of a gate electrode 124 and a drain electrode
175 of a red pixel (or a green pixel) is increased.

[0137] As shown in FIG. 7a, the gate electrode 124 is
expanded over the channel area to 2.5 um to prevent photo
leakage current due to back light.

[0138] The length of the expanded portion of the gate
electrode 124 is 2.5 um in the blue or white pixels. However,
as shown in FIG. 75, the length of the expanded portion of
the gate electrode 124 is enlarged to reach 10 um. Accord-
ingly, the overlapping area of the gate electrode 124 and the
drain electrode 175 in the red pixel (or the green pixel) is
larger than that of the blue pixel (or the white pixel).
Therefore, parasitic capacitance of the red pixel Cgdr (or the
green pixel Cgdg) is larger than that of the blue pixel (or the
white pixel). Such a difference of parasitic capacitance
results in equality of kick-back voltage Vkb to prevent the
flicker.

[0139] Now, the above-described effect will be concretely
described using specific values with reference to FIGS. 8a
and 8b.

[0140] FIG. 8a is a schematic view of a red or green pixel
of an LCD according to a third exemplary embodiment of
the present invention, and FIG. 8b is a schematic view of a
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blue or white pixel of an LCD according to a third exem-
plary embodiment of the present invention.

[0141] In FIG. 84, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 1, Cgdr (or Cgdg) is 0.15, and the width of
the portion of the storage electrode line 130RG overlapping
the pixel electrode 190RG is 10 um.

[0142] InFIG. 8b, Clcb (or Clew) ranges from 0.9 to 1.1,
Cstb (or Cstw) is 1, Cgdb (or Cgdw) is 0.1, and the width of
the portion of the storage electrode line 130RW overlapping
the pixel electrode 190RW is 10 um.

[0143] In FIGS. 8z and 8b, the area ratio of the red pixel
electrode (or the green pixel electrode) versus the blue pixel
electrode (or the white pixel electrode) is 2:1. Accordingly,
Cler (or Cleg): Cleb (or Clew)=2:1.

[0144] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the red pixel or the green pixel
is calculated according to Equation 1 as follows.

Vibr (or Vkbg) = (0.15%20)/(0.15+1+2)

=0.952

[0145] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the blue pixel or the white
pixel is calculated according to Equation 1 as follows.

Vkbb (or Vibw) = (0.1+20)/(0.1 +1+1)

=0.952

[0146] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) is 0. Therefore, there is no flicker.

[0147] When the liquid crystal capacitances Cler, Cleg,
Cleb, and Clew are increased by 10% due to transition of
gray voltage, kick-back voltage of the red pixel or the green
pixel is calculated according to Equation 1 as follows.

Vikb (or Vkbg) = (0.15+20)/ (0.15 + 1 +2.2)

=0.896

[0148] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the blue pixel or the white
pixel is calculated according to Equation 1 as follows.

Vikbb (or Vikbw) = (0.1520)/(0.1+ 1 +1.1)

=0.909

[0149] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) reaches 0.013. Even though the value of
AVkb is small, it induces display defects such as a flicker.
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[0150] An LCD illustrated in FIGS. 92 and 95 does not
have such display defects regardless of gray voltage transi-
tion because the ratio of liquid crystal capacitance, storage
capacitance, and parasitic capacitance between the red pixel
(or the green pixel) and the blue pixel (or the white pixel) is
modified to be equal.

[0151] FIG. 9a is a schematic view of a red or green pixel
of an LCD according to a fourth exemplary embodiment of
the present invention, and FIG. 95 is a schematic view of a
blue or white pixel of an LCD according to a fourth
exemplary embodiment of the present invention.

[0152] In FIG. 94, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 2, Cgdr (or Cgdg) is 0.2, and the width of
the portion of the storage electrode line 130RG overlapping
the pixel electrode 190RG is 20 um.

[0153] InFIG. 9b, Clcb (or Clew) ranges from 0.9 to 1.1,
Cstb (or Cstw) is 1, Cgdb (or Cgdw) is 0.1, and the width of
the portion of the storage electrode line 130RW overlapping
the pixel electrode 190RW is 10 um.

[0154] TIn FIGS. 9a and 9b, the area ratio of the red pixel
electrode (or the green pixel electrode) versus the blue pixel
electrode (or the white pixel electrode) is 2:1. Accordingly,
Cler (or Cleg): Cleb (or Clew)=2:1, Cstr (or Cstg): Cstb (or
Cstw)is 2:1, and Cgdr (or Cgdg): Cgdb (or Cgdw)=2:1. That
is, the ratios of liquid crystal capacitance, storage capaci-
tance, and parasitic capacitance between the red pixel (or the
green pixel) and the blue pixel (or the white pixel) are
modified to be even.

[0155] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the red pixel or the green pixel
is calculated according to Equation 1 as follows.

Vkbr (or Vikbg) = 024201/ (0.2 +2+2)

=0.952

[0156] In this condition, when a mid gray voltage, 20V, is
applied, kick-back voltage of the blue pixel or the white
pixel is calculated according to Equation 1 as follows.

Vkbb (or Vkbw) = (0.1 +20)/(0.1 +1+ 1)

=0.952

[0157] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) is 0. Therefore, there is no flicker.

[0158] When the liquid crystal capacitances Cler, Cleg,
Clcb, and Clew are increased by 10% due to transition of
gray voltage, kick-back voltage of the red pixel or the green
pixel is calculated according to Equation 1 as follows

Vkb (or Vkbg) = (0.2+20)/ (02 +2+2.2)

=0.909
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[0159] In this condition, kick-back voltage of the blue
pixel or the white pixel is calculated according to Equation
1 as follows.

Vkbb (or Vibw) = (0.120)/(0.1+ 1 +1.1)

=0.909

[0160] Accordingly, variation of kick-back voltage AVkb
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel) is 0. Therefore, there is no flicker.
Accordingly, the LCD according to the fourth exemplary
embodiment does not have flicker at any gray voltage.

[0161] However, the LCD according to the fourth exem-
plary embodiment which has a discrepancy of total capaci-
tance between the red pixel (or the green pixel) and the blue
pixel (or the white pixel) has a discrepancy of charging ratio
between the red pixel (or the green pixel) and the blue pixel
(or the white pixel).

[0162] That is, since the total capacitance of a pixel that
will be charged by the on current Ion is different between the
red pixel (or the green pixel) and the blue pixel (or the white
pixel), the charging time (t=RC) is also different. In a mid-
or large-size LCDs which has a short gate pulse time, such
a difference of charging time (t) induces a discrepancy of
charging ratio.

[0163] An LCD that does not have a discrepancy of
charging ratio will be described as fifth and sixth exemplary
embodiments.

[0164] FIGS. 10g and 10b show an LCD according to the
fifth exemplary embodiment having a same ratio of total
capacitance, parasitic capacitance, and W/L of a TFT
between a red pixel (or a green pixel) and a blue pixel (or a
white pixel).

[0165] FIG. 10z is a schematic view of a red or green
pixel of an LCD according to a fifth exemplary embodiment
of the present invention, and FIG. 1056 is a schematic view
of a blue or white pixel of an LCD according to a fifth
exemplary embodiment of the present invention.

[0166] When Crg, Cbw, Rrg, and Rbw respectively rep-
resent total capacitance of the red pixel (or the green pixel),
total capacitance of the blue pixel (or the white pixel),
resistance of a TFT of the red pixel (or the green pixel), and
resistance of a TFT of the blue pixel (or the white pixel), the
charging time of the red pixel (or the green pixel) is
trg=Rrg*Crg and the charging time of the blue pixel (or the
white pixel) is thw=Rbw*Cbw.

[0167] Here, the charging time of the red pixel (or the
green pixel) needs to be the same as the charging time of the
blue pixel (or the white pixel). Accordingly, Equation 2
needs to be satisfied.

Rrg*Crg=Rbw*Cbw

(V/lig)Crg=(V/Tbw)Cbw

Crg/Cbw=Irg/Tow
[0168] Here, Irg an Ibw respectively represent TFT on
current of the red pixel (or the green pixel) and blue pixel (or

the white pixel). According to Equation 2, when the ratio of
on current lon between the red pixel (or the green pixel) and

[Equation 2]
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the blue pixel (or the white pixel) is the same as the ratio of
total capacitance between the red pixel (or the green pixel)
and the blue pixel (or the white pixel), the charging time of
the red pixel (or the green pixel) is the same as that of the
blue pixel (or the white pixel).

[0169] TFT on current Ion is described as Equation 3.
Ton=(W/L)uCox(Ved-Vih)* [Equation 3]
[0170] Here, W, L, u, Cox, and Vth respectively represent

width of a TFT channel, length of the TFT channel, electron
mobility of the TFT channel, capacitance between the gate
electrode and the semiconductor of the TFT, and threshold
voltage of the TFT.

[0171] When Equations 2 and 3 are combined, the fol-
lowing equation is produced.

Crg/Chw=IrgiTbw=(WiL)rg/(WiL)bw

[0172] Here, (W/L)rg and (W/L)bw respectively represent
ratios of channel width and length of the red pixel TFT (or
the green pixel TFT) and the blue pixel TFT (or the white
pixel TFT).

[0173] Accordingly, even though the pixel electrode areas
are different between the red pixel (or the green pixel) and
the blue pixel (or the white pixel), when the ratios of total
capacitance, parasitic capacitance, and W/L of TFT between
the red pixel (or the green pixel) and the blue pixel (or the
white pixel) are the same, the variation of Vkb is 0 to prevent
flicker and the charging time is the same between the red
pixel (or the green pixel) and the blue pixel (or the white
pixel).

[0174] Now, the above-described effect will be concretely
described using specific values with reference to FIGS. 10a
to 10b.

[0175] FIG. 10z is a schematic view of a red or green
pixel of an LCD according to a fifth exemplary embodiment
of the present invention, and FIG. 105 is a schematic view
of a blue or white pixel of an LCD according to a fifth
exemplary embodiment of the present invention.

[0176] In FIG. 10a, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 1, Cgdr (or Cgdg) is 0.15, the width of the
portion of the storage electrode line 130RG overlapping the
pixel electrode 190RG is 10 um, and (W/L)rg is 30/4 um.

[0177] InFIG.10b, Clcb (or Clew) ranges from 0.9 10 1.1,
Cstb (or Cstw) is 1, Cgdb (or Cgdw) is 0.1, the width of the
portion of the storage electrode line 130RW overlapping the
pixel electrode 190RW is 10 um, and (W/L)bw is 20/4 um.

[0178] In FIGS. 10z and 10b, the area ratio of the red
pixel electrode (or the green pixel electrode) versus the blue
pixel electrode (or the white pixel electrode) 1s 2:1.

[0179] Accordingly, all of Crg:Cbw, Cgdr (or Cgdg):Cgdb
(or Cgdw), and (W/L)rg:(W/L)bw are 3:2. Therefore, varia-
tion of Vkb is 0 to prevent flicker, and charging times are the
same among pixels.

[0180] The fifth exemplary embodiment solves the dis-
crepancy of charging time of the third exemplary embodi-
ment.

[0181] FIGS. 11 and 115 show an LCD according to the
sixth exemplary embodiment having a same ratio of total
capacitance, liquid crystal capacitance, parasitic capaci-
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tance, and W/L of TFT between a red pixel (or a green pixel)
and a blue pixel (or a white pixel) using specific values.

[0182] FIG. 11ais a schematic view of a red or green pixel
of an LCD according to a sixth exemplary embodiment of
the present invention, and FIG. 11 is a schematic view of
a blue or white pixel of an LCD according to a sixth
exemplary embodiment of the present invention.

[0183] InFIG. 114, Cler (or Cleg) ranges from 1.9 to 2.1,
Cstr (or Cstg) is 2, Cgdr (or Cgdg) is 0.2, the width of the
portion of the storage electrode line 130RG overlapping the
pixel electrode 190RG is 20 um, and (W/L)rg is 40/4 um.

[0184] InFIG. 11b, Clcb (or Clew) ranges from 0.9 to 1.1,
Cstb (or Cstw) is 1, Cgdb (or Cgdw) is 0.1, the width of the
portion of the storage electrode line 130RW overlapping the
pixel electrode 190RW is 10 am, and (W/L)bw is 20/4 um.

[0185] InFIGS.11a and 11, the area ratio of the red pixel
electrode (or the green pixel electrode) versus the blue pixel
electrode (or the white pixel electrode) is 2:1.

[0186] Accordingly, all of Crg:Cbw, Cgdr (or Cgdg):Cgdb
(or Cgdw), (W/L)rg:(W/L)bw, and area ratio of the red pixel
electrode (or the green pixel electrode) 190RG versus the
blue pixel electrode (or the white pixel electrode) 190BW
are 2:1. Therefore, variation of Vkb is 0 to prevent flicker,
and charging times are the same among pixels.

[0187] The sixth exemplary embodiment solves the dis-
crepancy of charging time of the third exemplary embodi-
ment.

[0188] In the above description, LCDs of which ratio of
liquid crystal capacitance between the red pixel and the blue
pixel is 2:1 are exemplified. However, the present invention
may be applied to an LCD of which ratio of liquid crystal
capacitance between the red pixel and the blue pixel is other
than 2:1.

[0189] Inthe above description, LCDs having a P2 type of
RGBW pixel structure are exemplified. However, the
present invention may be applied to a PenTile Matrix type
of LCD having an enlarged blue pixel electrode as shown in
FIG. 12A, a P1 type of LCD having reduced blue and white
pixel electrodes as shown in FIG. 12B, a stripe type of LCD
having reduced blue and white pixel electrodes as shown in
FIG. 12C, and a P2 type of LCD having a reduced white
pixel electrode as shown in FIG. 12d because they have
unequal pixel electrode areas among pixels.

[0190] 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.

What is claimed is:
1. A liquid crystal display comprising:

an insulating substrate;
aplurality of gate lines formed on the insulating substrate;

a plurality of data lines formed on the insulating substrate
and crossing the gate lines;

a plurality of switching elements connected to the gate
lines and data lines; and
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a plurality of pixel electrodes connected to the switching
clement, and

wherein dots each having red, green, blue, and white
pixels are successively arranged, and total capacitance
of each pixel, which consists of liquid crystal capaci-
tance and storage capacitance, is equal.

2. The liquid crystal display of claim 1, wherein one of the
pixels included in a dot has a different pixel electrode area
from the others.

3. The liquid crystal display of claim 1, wherein two of the
pixels included in a dot have different pixel electrode area
from the others.

4. The liquid crystal display of claim 3, wherein the red
pixel electrode and the green pixel electrode have the same
area, the blue pixel electrode and the white pixel electrode
have the same area, and the sum of areas of the red and green
pixel electrodes is different from the sum of areas of the blue
and white pixel electrodes.

5. The liquid crystal display of claim 4, wherein when the
ratio of liquid crystal capacitance of the red and green pixels
versus the blue and white pixels is a:b, and the ratio of
storage capacitance of the red and green pixels versus the
blue and white pixels is c:b, the equations a+c=b+d and
Yh<c/d<1 are satisfied.

6. A liquid crystal display comprising:

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

a plurality of data lines formed on the insulating substrate
and crossing the gate lines;

a plurality of switching elements connected to the gate
lines and data lines; and

a plurality of pixel electrodes connected to the switching
element, and

wherein dots each having red, green, blue, and white
pixels are successively arranged, liquid crystal capaci-
tance of the red and green pixels is larger than that of
the blue and white pixels, parasitic capacitance of the
red and green pixels is larger than that of the blue and
white pixels, and kick-back voltages of the red, green,
blue, and white pixel are equal.

7. A liquid crystal display comprising:

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

a plurality of data lines formed on the insulating substrate
and crossing the gate lines;

a plurality of switching elements connected to the gate
lines and data lines; and

a plurality of pixel electrodes connected to the switching
element, and

wherein dots each having red, green, blue, and white
pixels are successively arranged, and all of the ratios of
liquid crystal capacitance, storage capacitance, and the
parasitic capacitance between the red and green pixels
and the blue and white pixels are the same.

8. A liquid crystal display comprising:

an insulating substrate;

a plurality of gate lines formed on the insulating substrate;
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a plurality of data lines formed on the insulating substrate
and crossing the gate lines;

a plurality of switching elements connected to the gate
lines and data lines; and

a plurality of pixel electrodes connected to the switching
element, and

wherein dots each having red, green, blue, and white
pixels are successively arranged, and the ratios of total
capacitance including liquid crystal capacitance and
storage capacitance, the parasitic capacitance, and ratio
of channel width and length (W/L) of the switching
element between the red and green pixels and the blue
and white pixels are the same.

9. A liquid crystal display comprising:

an insulating substrate;
aplurality of gate lines formed on the insulating substrate;

a plurality of data lines formed on the insulating substrate
and crossing the gate lines;

a plurality of switching elements connected to the gate
lines and data lines; and

a plurality of pixel electrodes connected to the switching
element, and

wherein dots each having red, green, blue, and white
pixels are successively arranged, and the ratios the
liquid crystal capacitance, the storage capacitance, the
parasitic capacitance, and the ratio of channel width
and length (W/L) of the switching elements between
the red and green pixels and the blue and white pixels,
are the same.

12
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10. A liquid crystal display comprising
an insulating substrate,
a plurality of gate lines formed on the insulating substrate,

a plurality of data lines formed on the insulating substrate
and crossing the gate lines,

a plurality of switching elements connected to the gate
lines and data lines, and

a plurality of pixel electrodes connected to the switching
clement,

wherein red, green, blue, and white pixel electrodes are
respectively formed on the red, green, blue, and white
pixels; two red pixel electrodes, two green pixel elec-
trodes, one blue pixel electrode, and one white pixel
electrode are comprised in a dot; the red and green pixel
electrodes are sequentially aligned along a row and
column; the blue and white pixel electrodes form a
lozenge extending over two pixel columns; two red
pixel electrodes are respectively included in two adja-
cent pixel columns and face each other obliquely while
the lozenge formed of the blue and white pixel elec-
trodes is disposed between them; a data line is disposed
between the blue and white pixel electrodes; the blue
and white pixel electrodes are respectively connected to
the switching elements; and the ratios of the liquid
crystal capacitance, the storage capacitance, the para-
sitic capacitance, and the ratios of channel width and
length (W/L) of the switching elements between the red
and green pixels and the blue and white pixels are the
same.
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