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ALCD device includes a first substrate including a plurality
of pixels each having a white (W) sub-pixel and red (R),
green (G), blue (B) and yellow (Y) sub-pixels surrounding
the W sub-pixel; thin film transistors each connected to gate
and data lines over the first substrate; first to fourth pixel
electrodes connected to each of the thin film transistors and
disposed to correspond to one of the R, G, B and Y
sub-pixels; a color filter layer including red (R), green (G),
blue (B) and yellow (Y) color filters on a second substrate,
each of the R, G, B and Y color filters corresponding to one
of the R, G, B and Y sub-pixels; a common electrode on the
color filter layer; and a liquid crystal layer interposed
between the color filter layer and the first to fourth pixel
electrodes.
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FIG. 4
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LIQUID CRYSTAL DISPLAY DEVICE
AUTOMATICALLY ADJUSTING APERTURE
RATIO IN EACH PIXEL

[0001] This application claims the benefit of Korean
Patent Application No. P2003-0098643 filed on Dec. 29,
2003, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to a LCD
device having a dynamic aperture ratio control system for
controlling aperture ratio and brightness.

[0004] 2. Discussion of the Related Art

[0005] A cathode ray tube (CRT) has been mainly used as
displays for televisions and desktop computer monitors, but
the CRT has disadvantages of heavy weight, large dimension
and high power consumption. Therefore, flat panel display
(FPD) devices have been demanded to substitute the CRT.
For example, liquid crystal display (LCD) devices and
electroluminescent  display (ELD) devices have been
researched and developed. Particularly, the LCD devices
make use of optical anisotropy and polarization properties of
liquid crystal molecules that are interposed between array
substrate and color filter substrate

[0006] FIG. 1is an expanded perspective view of a liquid
crystal display device according to the related art. The LCD
device includes an upper substrate S that is commonly
referred to as a color filter substrate, a lower substrate 22 that
is commonly referred to as an array substrate, and a liquid
crystal material layer 14 that is interposed between the upper
and lower substrates § and 22, respectively. A color filter
layer 7 is formed in the shape of a matrix on the upper
substrate 5, and a black matrix 6 is also formed on the upper
substrate 5. The color filter layer 7 includes a plurality of red
(R), green (G) and blue color filters 7a, 7b and 7¢, which are
surrounded by the black matrix 6. Additionally, a common
electrode 18 is formed on the cover of the color filter layer
7 and the black matrix 6.

[0007] A plurality of thin film transistors T are formed on
the lower substrate 22 in the shape of a matrix corresponding
to the color filters 7a, 7b and 7c. A plurality of crossing gate
lines 13 and data lines 15 are perpendicularly positioned
such that each thin film transistor (TFT) T'is located adjacent
to each crossing of the gate lines 13 and the data lines 15.
Furthermore, a pixel electrode 17 is formed on a sub-pixel
region Ps defined by the gate lines 13 and the data lines 15
of the lower substrate 22. The pixel electrodes 17 are formed
of a transparent conductive material (e.g., indium-tin-oxide;
ITO) in a matrix type, and each pixel electrode 17 corre-
sponds to each of the color filters 7a, 7b and 7c. The
sub-pixel regions Ps are often referred to as dots, and are
actually employed for displaying images with the corre-
sponding color filters by the modulation of the liquid crystal
layer 14.

[0008] A scanning signal is supplied to a gate electrode of
the thin film transistor T through the gate line 13, and a data
signal is supplied to a source electrode of the thin film
transistor T through the data line 15. As a result, the liquid

1. Field of the Invention
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crystal molecules of the liquid crystal material layer 14 are
aligned and re-arranged by enablement of the electric field
between the common electrode 18 and the pixel electrodes
17. The liquid crystal molecules of the liquid crystal layer 14
have a spontaneous polarization property such that the liquid
crystal arrangement changes in accordance with the electric
field when voltages are applied to the pixel and common
electrodes 17 and 18. The re-arrangement of the liquid
crystal molecules acts as photo modulation that shuts and
opens incident light passing through the liquid crystal layer
14, thereby displaying desired images. Further, the LCD
device includes driving circuitries, wherein the circuitries
control and change RGB data and other control signals
originating from the driving system into desired signals in
order to enable the liquid crystal panel to display the color
images.

[0009] FIG. 2 is a schematic block diagram illustrating the
liquid crystal display device according to the related art. In
FIG. 2, a liquid crystal display (LCD) device 100 includes
a liquid crystal (L.C) panel 120 and a driving circuit 130. The
LC panel 120 includes a plurality of gate lines 122 and a
plurality of data line 124. The gate lines 122 perpendicularly
cross the data lines 124 to define sub-pixel region Ps with the
data lines 124. A switching element T, e.g., a thin film
transistor, is disposed near a crossing of the gate and data
lines 122 and 124 and connected to the gate and data lines
122 and 124. The driving circuit 130 normally receives RGB
data and other control signals from a driving system (not
shown), and then applies electric signals to the LC panel
120. The driving circuit 130 includes a timing controller
136, a gamma voltage generator 138, a gate driver 132 and
a data driver 134. The gate driver 132 is connected to the
plurality of gate lines 122 and supplies gate signals to the
gate lines 122. The data driver 132 is connected to the
plurality of data lines 124 and supplies data signals thereto.

[0010] In addition, the timing controller 136 transmits the
RGB data and other control signals received from the
driving system (not shown) to the data driver 134. The
control signals are a plurality of timing synchronization
signals that include a vertical synchronization signal as a
frame identification, a horizontal synchronization signal as a
line identification, an enable signal as a data input indicator,
and a main clock. After receiving the timing synchronization
signals, the timing controller 136 generates data control
signals and gate control signals, respectively, and re-ar-
ranges the RGB data in accordance with the timing syn-
chronization signals. Namely, the RGB digital data, a hori-
zontal synchronization signals, a vertical line start signal for
RGB digital data input, and source pulse clock for data shift
are transferred to the data driver 134 from the timing
controller 136. Furthermore, the timing controller 136 trans-
mits a vertical synchronization signal, a vertical line start
signal for gate-on-signal input, and a gate clock for sequen-
tial gate signal input into the gate driver 132. Additionally,
the gamma voltage generator 138 generates an RGB refer-
ence voltage using the RGB data and transmits the RGB
reference voltage to the data driver 134.

[0011] Meanwhile, when the LCD device displays moving
images after displaying a still picture for a long time, some
image patterns of the previous still picture remain occasion-
ally, ie., it is called as residual images. Especially, such
residual images occur at the time of applying DC voltage
between the common and pixel electrodes because the liquid
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crystal has refractive birefringence property and is easily
deteriorated by the DC voltage. Therefore, the liquid crystal
layer is generally driven and operated by an AC voltage.
Further, if the polarity of voltage applied to the pixel and
common electrodes is fixed, the liquid crystal deterioration
is further increased, whereby the applied voltage polarity
may be converted for each frame with respect to the driving
method. Specifically, one of a field inversion driving
method, a line inversion driving method and a dot inversion
driving method may be employed for converting the applied
voltage polarity.

[0012] In the field inversion method, the data signal sup-
plied to the LC panel is inverted whenever the field is
changed. In the line inversion method, the data signal is
inverted in accordance with the gate line of the LC panel.
Further, in the dot inversion method, the data signal polarity
of one pixel is opposite to that of adjacent pixels, and the
data signal applied to the LC panel is inverted in each field.
When adopting such inversion methods to the LCD device,
the driving circuitry 130 of FIG. 2 may include a polarity
applier (not shown). Among the inversion methods men-
tioned above, the dot inversion method is widely used
because the dot inversion method most frequently changes
the polarity.

[0013] Referring back to FIG. 1, the sub-pixel regions Ps
correspond to the R, G and B color filters 7a, 7b and 7¢, and
the set of R, G and B color filters 7a, 7b and 7c form a pixel
that represents a desired color by mixing the red (R), green
(G) and blue (B) colors so as to display an image. If the LCD
device of FIG. 1 adopts the dot inversion method, each
sub-pixel has a polarity different from its neighboring pixels.
Namely, the data signal is inverted for each of the R, G and
B colors. At this point, the color filters 7a, 7b and 7c
corresponding to the sub-pixel regions Ps are proposed to
have the following arrangements.

[0014] FIGS. 3-7 are plan views illustrating arrangements
of sub-pixels: a stripe type, a mosaic type, a triangle type, a
square type, and a quad type.

[0015] FIG. 3 shows a stripe type arrangement of color
filters. In FIG. 3, the sub-pixel regions Ps line up uniformly
in rows and columns. The red (R), green (G) and blue (B)
color filters are alternately arranged in a row direction, but
the same color filters, red (R), green (G) or blue (B), are also
arranged in a column direction.

[0016] FIG. 4 shows a mosaic type arrangement of color
filters. In FIG. 4, the sub-pixel regions Ps line up uniformly
in rows and columns. However, unlike the stripe type
arrangement of FIG. 3, the red (R), green (G) and blue (B)
color filters are alternately arranged in both the row and
column directions.

[0017] FIG. 5 shows a triangle type arrangement of color
filters. In FIG. 5, the sub-pixel regions Ps line up in row, but
the sub-pixels disposed in a column make a diagonal loop
shape. The red (R), green (G) and blue (B) color filters are
alternately arranged in the row direction. However, in the
column direction, the red (R), green (G) and blue (B) color
filters are arranged so as not to have the same colored filters
attached together. Namely, if the red (R) and green (G) color
filters are arranged to be attached to each other in a first row,
the blue (B) color filter is positioned in an area between the
red (R) and green (G) color filter in a second row. In this
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manner, the red (R) color filter of the second row is
positioned in an area between the green (G) and blue (B)
color filters of the first row, and the green (G) color filter of
the second row is positioned in an area between the blue (B)
and red (R) color filters of the first row. Therefore, the red
(R) and green (G) color filters of the first row and the blue
(B) color filter of the second row form a triangle shape.
Hence the reason why the arrangement of FIG. 5 is called
the triangle type.

[0018] FIG. 6 shows a square type arrangement of color
filters. In FIG. 6, the sub-pixel regions Ps are drawn up
uniformly in rows and columns. The red (R), green (G) and
blue (B) color filters are alternately arranged in the row
direction, but only two colored filters are alternately
arranged in the column direction. For example, the red (R)
and green (B), green (G) and blue (B), or blue (B) and red
(R) color filters are alternately arranged along the column
direction without the other colored filter.

[0019] FIG. 7 shows a quad type arrangement of color
filters. In FIG. 7, white (W) color filters are included with
the red (R), green (G) and blue (B) color filters. The
sub-pixel regions Ps stand uniformly in rows and columns.
The red (R), green (G), blue (B) and white (W) color filters
are gathered together to form a larger rectangular shape.
Namely, two of the red (R), green (G), blue (B) and white
(W) color filters are alternately arranged in a first row, and
the other two color filters are alternately arranged in a
second row. Due to the fact that the white (W) color filter is
additionally formed, the LCD device having the quad type
arrangement of color filters can have improved brightness,
high aperture ratio, and better contrast ratio. Further, the
sub-pixel having the white (W) color filter may be operated
by an additional data signal.

[0020] Meanwhile, the white (W) sub-pixels may not have
any colored filters because a light source employed in the
LCD device usually emits white-colored light.

[0021] Among the above-mentioned color filter arrange-
ments, the stripe type, mosaic type, triangle type and square
type arrangements provide relatively low brightness, and
have the disadvantages of the invariable and stationary
aperture and contrast ratios. Furthermore, although the high
brightness and improved aperture and contrast ratios are
obtained, the LCD device having the quad type arrangement
needs a complicated circuit and requires the high costs of
production because an additional data signal is required for
the white (W) sub-pixel. Further, the LCD device having the
red (R), green (G) and blue (B) color filters may have a
narrower color gamut because only three colors, red, green
and blue colors, are employed to display desired color
images.

SUMMARY OF THE INVENTION

[0022] Accordingly, the present invention is directed to a
liquid crystal display device automatically adjusting aper-
ture ratio in each pixel that substantially obviates one or
more of the problems due to limitations and disadvantages
of the related art.

[0023] An advantage the present invention is to provide a
liquid crystal display device that provides a high aperture
ratio, a high brightness and an improved contrast ratio.

[0024] Another advantage of the present invention is to
provide a liquid crystal display device that enlarges a color
gamut.
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[0025] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0026] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device includes a first substrate including a plurality of
pixels each having a white (W) sub-pixel and red (R), green
(G), blue (B) and yellow (Y) sub-pixels surrounding the W
sub-pixel; gate lines formed over the first substrate; data
lines formed substantially perpendicular to and crossing the
gate lines over the first substrate; thin film transistors
connected to the gate and data lines over the first substrate;
first to fourth pixel electrodes connected to each of the thin
film transistors and corresponding to one of the R, G, B and
Y sub-pixels; a color filter layer including red (R), green (G),
blue (B) and yellow (Y) color filters on a second substrate,
each of the R, G, B and Y color filters corresponding to one
of the R, G, B and Y sub-pixels; a common electrode on the
color filter layer; and a liquid crystal layer interposed
between the color filter layer and the first to fourth pixel
electrodes.

[0027] In another aspect, a liquid crystal display device
includes a first substrate including a plurality of pixels each
having a white (W) sub-pixel and red (R), green (G), blue
(B) and yellow (Y) sub-pixels surrounding the W sub-pixel;
gate lines formed over the first substrate; data lines formed
substantially perpendicular to and crossing the gate lines
over the first substrate; thin film transistors each connected
to the gate and data lines over the first substrate; first to
fourth pixel electrodes disposed in the respective R, G, B
and Y sub-pixels over the first substrate and connected to the
thin film transistors, wherein each of the first to fourth pixel
electrodes has a substantially turbinated shape correspond-
ing to a shape of one of the R, G, B and Y sub-pixels;
common electrodes disposed in the respective R, G, B and
Y sub-pixels over the first substrate and spaced apart from
the respective first to fourth pixel electrode, wherein each of
the common electrodes has a substantially turbinated shape
corresponding to one of the first to fourth pixel electrodes;
a color filter layer including red (R), green (G), blue (B) and
yellow (Y) color filters on a second substrate, each of the R,
G, B and Y color filters corresponding to one of the R, G, B
and Y sub-pixels; and a liquid crystal layer interposed
between the color filter layer and the first to fourth pixel
electrodes.

[0028] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:
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[0030] FIG. 1is an expanded perspective view of a liquid
crystal display device according to the related art;

[0031] FIG. 2 is a schematic block diagram illustrating the
liquid crystal display device according to the related art;

[0032] FIGS. 3-7 are plan views illustrating a stripe type,
amosaic type, a triangle type, a square type, and a quad type,
respectively, arrangements of sub-pixels.

[0033] FIG. 8 is a plan view illustrating a sub-pixel
arrangement of a liquid crystal display device according to
the present invention;

[0034] FIG. 9 is a plan view illustrating an exemplary
operation of one pixel of the LCD device according to the
present invention;

[0035] FIG. 10 illustrates a data signal applied to the
liquid crystal display device of FIG. §;

[0036] FIGS. 11A and 11B illustrate pixel operation when
the LCD device of FIG. 8 displays white and black colors,
respectively;

[0037] FIG. 12 is an exemplary picture displayed in the
liquid crystal display device of the present invention,

[0038] FIGS. 13A-13C illustrate pixels selected in por-
tions A1-A3 of FIG. 12, respectively;

[0039] FIG. 14 is a plan view illustrating an exemplary
structure of pixel and common electrodes according to the
present invention;

[0040] FIG. 15 is a plan view illustrating one pixel of
FIG. 14; and
[0041] FIGS. 16-18 are schematic conceptual illustrations

showing pixels according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] Reference will now be made in detail to the illus-
trated embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference number will be used
throughout the drawings to refer to the same or like parts.

[0043] FIG. 8 is a plan view illustrating a sub-pixel
arrangement of a liquid crystal display device according to
the present invention. Gate lines, data lines and thin film
transistors are omitted in the sub-pixels of FIG. 8 to simply
explanation.

[0044] In FIG. 8, a liquid crystal display (LCD) device
200 includes a plurality of pixels P each displaying a certain
color. Each of the pixels P includes red (R), green (G), blue
(B), yellow (Y) and white (W) sub-pixels Pgy, Py, Pog, Psy
and Pgy each representing red, green, blue, yellow and
white colors. Each of the R, G, B and Y sub-pixels Pgg, Psq,
Pgp, and Py is substantially shaped like a rectangle and has
a corner-cut side at one corner thereof. The R, G, B and Y
sub-pixels Pgg, Pgg, Pgp, and Pgy are arranged to form a
square, such that the corner-cut sides of the R and B
sub-pixels PSR and PSB and the corner-cut sides of the G
and Y sub-pixels Pg, and Pgy face each other, respectively.
The W sub-pixel Pgy, is positioned in a center portion of the
pixel P, which is defined by the corner-cut sides of the R, G,
B and Y sub-pixels Pgg, Psg, P, and Pgy. The W sub-pixel
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Py has a substantially diamond shape. Although FIG. 8
shows that the R sub-pixel Pgy, faces the B sub-pixel Pgy, it
may also face the G sub-pixel Pgq or the Y sub-pixel Py,
across the W sub-pixel Pgy,.

[0045] As compared to the related art shown n FIGS. 3-7,
since the LCD device 200 of FIG. 8 further includes the
yellow (Y) sub-pixels Pgy, displaying yellow color, the color
gamut of the LCD device 200 has an advantage of being
broadening. Moreover, when the LCD device 200 of FIG. 8
is operated by the dot inversion method described above, the
voltages applied to the pixel electrodes (not shown) of the R,
G, B and Y sub-pixels Pgy, Psq, Pgg, and Py generate and
induce an indirect electric field in the W sub-pixel Pgy,
whereby the liquid crystal layer (not shown) corresponding
to the W sub-pixels Pgy, is aligned by the indirect electric
field. As a result, the brightness and aperture ratio of each
pixel P is automatically adjustable based on the displayed
color, and the contrast ratio is enhanced within one frame,
thereby improving the picture quality of the LCD device.

[0046] Although not shown in the present invention, the
LCD device 200 has a cross-sectional view similar to that
shown in FIG. 1. For example, the LCD device 200 may
have a first substrate that includes gate lines, data lines, thin
film transistors and pixel electrodes, and a second substrate
that includes a black matrix, a color filter layer and a
common electrode. Also, a liquid crystal layer may be
interposed between the first and second substrates.

[0047] FIG. 9 is a plan view illustrating an exemplary
operation of one pixel of the LCD device according to the
present invention. The exemplary pixel of FIG. 9 is driven
by the dot inversion method.

[0048] In FIG. 9, a pixel P includes red (R), green (G),
blue (B), yellow (W) and white (W) sub-pixels Pgg, Pqg,
Py, Poy and Py, which display red, green, blue, yellow and
white colors, respectively. When displaying desired colors,
pixel electrodes corresponding to the red (R), green (G),
blue (B) and yellow (Y) sub-pixels Pgy, Pgg, Pgp and Pgy
receive positive (+) and negative (-) voltages (ie., data
signals). Namely, the positive (+) and negative (-) voltages
are alternately and repeatedly applied to the red (R), green
(G), blue (B) and yellow (Y) sub-pixels Pgy, Py, Pop and
Pgy, except the white (W) sub-pixel Pgy,. For example,
when a positive (+) voltage is applied to the red (R) and blue
(B) sub-pixels Py, and Py, a negative (-) voltage is applied
to the green (G) and yellow (Y) sub-pixels Pgg and Pgy.

[0049] Additionally in FIG. 9, the white (W) sub-pixel
P_of the present invention does not have any pixel elec-
trode. Further, the white (W) sub-pixel Py, does not gen-
erate a direct electrode field that is directly produced by the
corresponding pixel and common electrodes. However, indi-
rect electric fields are produced in the white (W) sub-pixel
Psw by the dot inversion operation because the voltages
oppositely polarized to each other in the neighboring sub-
pixels are applied to the pixel electrodes of the red (R), green
(G), blue (B) and yellow (Y) sub-pixels Py, Py, Pop and
Pgy- At this time, the white (W) sub-pixel Pgy, may have a
transparent insulator instead of a white-colored filter.

[0050] In other words, when a positive (+) voltage is
applied to the pixel electrode of the red (R) sub-pixel PSR
and a negative () voltage is applied to the pixel electrode
of the yellow (Y) sub-pixel Pgy, a first electric field E1 is
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formed in the white (W) sub-pixel Pgy, between the corner-
cut sides of the red (R) and yellow (Y) sub-pixels Pgy and
Pgy Furthermore, when a positive (+) voltage is applied to
the pixel electrode of the red (R) sub-pixel Pg, and a
negative () voltage is applied to the pixel electrode of the
green (G) sub-pixel Py, a second electric field E2 is formed
in the white (W) sub-pixel Pgy, between the corner-cut sides
of the red (R) and green (G) sub-pixels Pg and Py In this
manner, a third electric field E3 is formed between the
corner-cut sides of the blue (B) and green (G) sub-pixels Pgp
and Py, and a fourth electric field E4 is formed between the
corner-cut sides of the blue (B) and yellow (Y) sub-pixels
P_ and Pgy. Namely, although the white (W) sub-pixel Py,
does not have the pixel electrode, the white (W) sub-pixel
P_ can have the first to fourth electric fields E1-E4 produced
by the pixel electrodes of the neighboring sub-pixels Py,
Pyg, Psp and Py Therefore, the liquid crystal layer corre-
sponding to the white (W) sub-pixel Py, may have different
transmissivities in each pixel in accordance with the first to
fourth electric fields E1-E4.

[0051] FIG. 10 illustrates a data signal applied to the
liquid crystal display device of FIG. 8, and FIGS. 11A and
11B illustrates pixel operation when the LCD device of FIG.
8 displays white and black colors, respectively. At this time,
the LCD device is assumed to be operable in a normally
black mode and driven by a dot inversion method.

[0052] As shown in FIG. 10, when the LCD device
displays the white color, a data signal having a high voltage
(+Vdd) (ie., a positive (+) property) and a low voltage
(-Vdd) (ie., a negative property) is applied to the sub-
pixels. Since the LCD device is driven by the dot inversion
method, each sub-pixel receives the positive (+) voltage
(+Vdd) and the negative voltage (-Vdd), respectively. In
contrast, when the LCD device displays the black color, the
data signal that is the same value as the common voltage
(Vcom) is applied to all sub-pixels.

[0053] When the pixel displays the white color as shown
in FIG. 11A, the pixel electrodes (not shown) of the red (R),
green (G), blue (B) and yellow (Y) sub-pixels Pgy, Peg, Pog
and Pg receive the positive (+) high voltage data signal
(+Vdd) and the negative (-) low voltage data signal (-Vdd).
Particularly, the red (R) and blue (B) sub-pixels PSR and
PSB receive the positive (+) high voltage data signal (+Vdd)
and the green (G) and yellow (Y) sub-pixels PSG and PSY
receive the negative () high voltage data signal (-Vdd), and
vice versa. Therefore, there is a voltage difference of 2Vdd
between the red (R) and yellow (Y) sub-pixels Pgy and Pgy
because the red (R) and yellow (Y) sub-pixels Py, and Py,
have the opposite voltage value of +Vdd and -Vdd. Due to
this voltage difference of 2Vdd, the first electric field E1 is
generated in the white (W) sub-pixel Pgy, as shown in FIG.
11A. In this manner, the second to fourth electric fields
E2-E4 are formed in the white (W) sub-pixel Py, due to the
voltage difference of 2Vdd between the red (R) and green
(G) sub-pixels Py and Py, between the green (G) and blue
(B) sub-pixels Py, and Py, and between the blue (B) and
yellow (Y) sub-pixels Py and Pgy. As a result, the liquid
crystal layer corresponding to the white (W) sub-pixel Py,
can be driven by the first to fourth electric field E1-E4 to let
incident light be transmitted, although the white (W) sub-
pixel Pgy, does not have the pixel electrode.

[0054] When the pixel displays the black color as shown
in FIG. 11B, the pixel electrodes (not shown) of the red (R),
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green (G), blue (B) and yellow (Y) sub-pixels Py, Pyg, Psg
and Py receive a data signal having the same value as the
common voltage Vcom. Therefore, there is no voltage
difference among the pixel electrodes of the red (R), green
(G), blue (B) and yellow (Y) sub-pixels Pgg, Psg, Py and
Py, and an electric field is not generated in the white (W)
sub-pixel Pgyy,. The liquid crystal layer corresponding to the
white (W) sub-pixel Pgyy, blocks the incident light.

[0055] In conclusion, the liquid crystal display device of
the present invention is capable of greatly increasing the
brightness and aperture ratio by operating the liquid crystal
layer corresponding to white (W) sub-pixel Pgy, when dis-
playing white-colored images. Further, the liquid crystal
display device of the present invention is capable of reduc-
ing the brightness and aperture ratio by not operating the
liquid crystal layer corresponding to the white (W) sub-pixel
P4y when displaying the black-colored images. Namely, it
is possible in the present invention that a whitish color
becomes whiter and a blackish color becomes blacker.
Further, since the brightness and aperture ratio is automati-
cally adjusted in each pixel P by the data signals applied to
the pixel electrodes of the red (R), green (G), blue (B) and
yellow (Y) sub-pixels Pgg, Pgg, Psg and Py, the contrast
ratio is also automatically adjustable in each frame.

[0056] FIG. 12 is a picture displayed in the liquid crystal
display device of the present invention, and FIGS. 13A-13C
illustrate pixels selected in portions A1-A3 of FIG. 12.

[0057] InFIG. 12, the first portion Al shows a white color,
the second portion A2 shows a black color, and the third
portion A3 shows a gray color. As described herein before,
the positive (+) high voltage (+Vdd) and negative (-) low
voltage (-Vdd) are applied to the pixels displaying the white
color, e.g., the first portion Al, and the common voltage
Vcom is applied to the pixels displaying the black color, e.g.,
the second portion A2. When displaying the gray color, e.g.,
the third portion A3, the pixel electrodes of the sub-pixels
may receive positive (+) or negative (-) voltages, wherein
the absolute value of such positive (+) or negative (-)
voltage is greater than that of the common voltage Vcom and
less than that of the positive (+) high voltage (+Vdd) or the
negative (-) low voltage (-Vdd).

[0058] FIGS. 13A and 13B illustrate the white and black
displaying pixels, e.g., the portions Al and A2, respectively.
When displaying the white color as shown in the portion Al
of FIG. 12 and depicted in FIG. 13A, there is a voltage
difference of 2Vdd between the neighboring two sub-pixels.
However, when displaying the black color as shown in the
portion A2 and depicted in FIG. 13B, there is no voltage
difference among the red (R), green (G), blue (B) and yellow
(Y) sub-pixels Pgg, Pgg, Pgp and Pgy. Thus, the most
powerful electric field Ey, (FIG.13A) is formed in the white
(W) sub-pixel Pgy, in the first portion Al displaying the
white, and the liquid crystal layer corresponding to the white
(W) sub-pixel Pgy, is operated to transmit the light. The most
weak electric field E (FIG. 13B) is formed in the white (W)
sub-pixel Py, in the second portion A2 displaying the black,
and the liquid crystal layer corresponding to the white (W)
sub-pixel Pgy, is operated to block the light.

[0059] Meanwhile, in the third portion, A3, displaying the
gray color, the pixel electrodes of the red (R), green (G),
blue (B) and yellow (Y) sub-pixels Py, Py, Pgp and Pgy
receive first to fourth voltages +V,, -V,, +V; and -V,
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respectively, as shown in FIG. 13C, which have positive (+)
and negative (-) properties. The absolute value of the first to
fourth voltages +VI, =V,, +V; and -V, is greater than that
of common voltage Vcom and less than the high voltage
(reference Vdd of FIG. 10), for example, Veom<V,<Vdd,
Veom<V,<Vdd, Vcom<V,<Vdd, and Vcom<V,<Vdd.
Therefore, when the pixel P displays the gray color, the
voltage difference (V,+V,) between the red (R) and yellow
(Y) sub-pixels Py and Py is greater than OV and less than
2vdd (ie., 0<(V,+V,)<2Vdd). In this manner, the voltage
difference between the red (R) and green (G) sub-pixels Pg,
and Py, is 0<(V,+V,)<2Vdd, the voltage difference
between the green (G) and blue (B) sub-pixels P, and Pgy
is 0<(V,+V;)<2Vdd, and the voltage difference between the
blue (B) and yellow (Y) sub-pixels Pgp and Py, is 0<(V,+
V,)<2Vdd. As a result, when displaying a color having the
gray scale between the black and white, an electric field E
that is greater than the most weak electric field E; and less
than the most powerful electric field Ey, (i.e., Ep<Eq<Exy)
is formed in the white (W) sub-pixel Pqy,. At this time, the
liquid crystal layer corresponding to the white (W) sub-pixel
Pgy, of the third portion A3 is operable to transmit the light
at an amount of more than the second portion A2 and less
than first portion Al. Namely, the third portion A3 display-
ing the color having the gray scale between the black and
white automatically provides intermediate brightness and
aperture ratio.

[0060] In conclusion, since the liquid crystal display
device of the present invention has the white (W) sub-pixel
Pgy, providing the indirect electric field to the corresponding
liquid crystal layer, the brightness and aperture ratio are
automatically adjusted in each pixel P based on the pixel’s
gray scale. Therefore, the contrast ratio is increased in the
displayed picture, and the picture quality is improved.

[0061] FIG. 14 is a plan view illustrating an exemplary
structure of pixel and common electrodes according to the
present invention, and FIG. 15 is a plan view illustrating one
pixel of FIG. 14. The LCD device of FIGS. 14 and 15 is an
example of an In-Plane Switching Mode (IPS-Mode).

[0062] In FIGS. 14 and 15, each pixel P includes the red
(R), green (G), blue (B), yellow (Y) and white (W) sub-
pixels Pgr, Pgg, Psp, Psy and Pgy. The R sub-pixel Pgy
includes first pixel and common electrodes 310 and 350 that
are alternately disposed in a turbinated shape along the
sub-pixel’s shape. Additionally, the G, B and Y sub-pixels
Pyg, Psp and Pgy include second to fourth pixel electrodes
320, 330 and 340, and the common electrode 350, respec-
tively. The second to fourth pixel electrodes 320, 330 and
340 are also disposed in an alternating pattern with the
corresponding common electrode 350 and in the shape of
spiral along the corresponding sub-pixel’s shape. The out
most portion of each of the first to fourth pixel electrodes
310, 320, 330 and 340 may produce an indirect electric field
in the W sub-pixel Pgy, as described herein above. How-
ever, the LCD device shown in FIGS. 14 and 15 further
includes first auxiliary pixel electrodes 310a, 3204, 330
and 340q and second auxiliary pixel electrodes 3105, 3205,
3305 and 3405 in the W sub-pixel Py, in order to improve
operating ability of the W sub-pixel Pgy, to the correspond-
ing liquid crystal layer. The first auxiliary pixel electrodes
3104,3202,3304 and 340a extend from the first to fourth
pixel electrodes 310, 320, 330 and 340, respectively, toward
the W sub-pixel Pgy,. Also, the second auxiliary pixel
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electrodes 3105, 320b, 3306 and 340b extend from the first
auxiliary pixel electrodes 310a, 320a, 3302 and 340aq,
respectively. For example, the first auxiliary pixel electrode
310z is protruded substantially perpendicular from the first
pixel electrode 310, the first auxiliary pixel electrode 320a
substantially perpendicular from the second pixel electrode
320, the first auxiliary pixel electrode 330g substantially
perpendicular from the third pixel electrode 330, and the first
auxiliary pixel electrode 340z substantially perpendicular
from the fourth pixel electrode 340. Further, the second
auxiliary pixel electrodes 310b, 3205, 33056 and 340b are
protruded substantially perpendicular from the correspond-
ing first auxiliary pixel electrodes 310a, 3204,330a and
340a, respectively. Therefore, the first auxiliary pixel elec-
trode 310a extending from the R sub-pixel PSR faces and is
spaced apart from the second auxiliary pixel electrode 340b
extending from the Y sub-pixel Pgy. Therefore, the first
auxiliary electrode 310z extending from the R sub-pixel
PSR forms an electric field with the second auxiliary elec-
trode 340b extending from the Y sub-pixel Pgy. When
displaying the white color, a voltage difference of 2Vdd
exists between the first auxiliary pixel electrode 310z and
the second auxiliary pixel electrode 3405, respectively,
extending from the R and Y sub-pixels Pgr and Pgy. When
displaying the black color, there is no voltage difference
between the separated first and second auxiliary pixel elec-
trodes 310« and 340b. Additionally, when displaying a color
having a gray scale between black and white, a voltage
difference between the separated first and second auxiliary
pixel electrode 310z and 340b ranges from about OV to
2Vdd. As a result, the electric field generated between the
first auxiliary pixel electrode 310a extending from the R
sub-pixel Pg and the second auxiliary pixel electrode 340b
extending from the Y sub-pixel Pgy is automatically adjusted
in each pixel P, and at this time, the light transmittance of the
W sub-pixel Pgyy, is variable based on the color the pixel P
displays.

[0063] The above-mentioned operation can be adopted
between the second auxiliary pixel electrode 3105 extending
from the R sub-pixel Pgp and the first auxiliary pixel
electrode 320a extending from the G sub-pixel Py, between
the second auxiliary pixel electrode 3205 extending from the
G sub-pixel Py, and the first auxiliary pixel electrode 330a
extending from the B sub-pixel Py, and between the second
auxiliary pixel electrode 3305 extending from the B sub-
pixel Pop, and the first auxiliary pixel electrode 340a extend-
ing from the Y sub-pixel Pgy,.

[0064] In conclusion, the IPS-mode LCD device of the
present invention has the W sub-pixel Pg,, that operates the
corresponding liquid crystal layer by the indirect electric
field formed between the first and second auxiliary pixel
electrodes. Therefore, the brightness and aperture ratio are
automatically adjusted based on the gray scale displayed in
each pixel P. Further, the contrast ratio of the displayed
picture is increased, and the picture quality is improved.

[0065] Meanwhile, the voltage difference (i.e., a first volt-
age difference) between one of the first auxiliary pixel
electrodes 310a, 3202, 330a and 340¢ and the corresponding
one of the second auxiliary pixel electrodes 3105, 3205,
3305 and 3405 may range from about OV to 2Vdd. However,
the voltage difference (i.e, a second voltage difference)
between the common electrode 350 and the corresponding
one of the first to fourth pixel electrodes 310, 320, 330 and
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340 of the R, G, B and Y sub-pixels Pgy, Pgg, Psp and Py
may range from about OV to Vdd. That is, the first voltage
difference in the W sub-pixel Py, is greater then the second
voltage difference in the other sub-pixels Py, Py, Pop and
P Therefore, the electric field formed in the W sub-pixel
Py, is much stronger than that formed in the R, G, B and Y
sub-pixels Pgr, Pgg, Psp and Pgy, thereby increases a
response time of the liquid crystal layer corresponding to the
W sub-pixel Pg,. Further, the aperture ratio is enlarged if
the spaces between the first and second auxiliary pixel
electrodes are increased.

[0066] In the above-mentioned examples, it is described
that the white (W) sub-pixel Pg,, surrounded by the red (R),
green (G), blue (B) and yellow (Y) sub-pixels Pgg, Peg, P
and Py, has a diamond shape. However, the white (W)
sub-pixel Pgy, can be formed to have various shapes, as
shown in FIGS. 16-18.

[0067] In FIG. 16, the white (W) sub-pixel may have a
circular or oval shape, and the red (R), green (G), blue (B)
and yellow (Y) sub-pixels may have round-corner-cut sides
surrounding the white (W) sub-pixel. At this point, the
indirect electric field E is formed in the white (W) sub-pixel
by the inventive principle described before.

[0068] In FIG. 17, the white (W) sub-pixel may have a
square or rectangle shape, and the red (R), green (G), blue
(B) and yellow (Y) sub-pixels may have L-shaped-corner-
cut sides surrounding the white (W) sub-pixel. At this point,
the indirect electric field E is formed in the white (W)
sub-pixel by the inventive principle described before.

[0069] In FIG. 18, the white (W) sub-pixel may have a
cruciform shape, and the red (R), green (G), blue (B) and
yellow (Y) sub-pixels may have W-shaped-corner-cut sides
surrounding the white (W) sub-pixel. At this point, the
indirect electric field E is formed in the white (W) sub-pixel
by the inventive principle described before.

[0070] Furthermore, although not shown in FIGS. 14 and
15, the IPS-mode LCD device includes a first substrate
having gate lines, data lines, the switching TFTs, the pixel
electrodes and the common electrodes, a second substrate
having the black matrix and color filter layer, and a liquid
crystal layer interposed between the first and second sub-
strates.

[0071] According to the present invention, the LCD
device has red (R), green (G), blue (B) and yellow (Y)
sub-pixels that surround the white (W) sub-pixel. Further,
the data signals applied to the pixel electrodes of the red (R),
green (G), blue (B) and yellow (Y) sub-pixels form the
electric field in the white (W) sub-pixel. Therefore, the LCD
device of the present invention may have automatically
adjusted brightness and aperture ratio in each pixel, thereby
increasing the contrast ratio in each frame. Further, since the
yellow (W) sub-pixel displaying yellow color is adopted, the
color gamut of the LCD device is enlarged.

[0072] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention covers the modifica-
tions and variations of this invention provided they come
within the scope of the appended claims and their equiva-
lents.
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What is claimed is:
1. A liquid crystal display device, comprising:

a first substrate including a plurality of pixels each having
a white (W) sub-pixel and red (R), green (G), blue (B)
and yellow (Y) sub-pixels surrounding the W sub-
pixel;

gate lines formed over the first substrate;

data lines formed substantially perpendicular to and cross-
ing the gate lines over the first substrate;

thin film transistors connected to the gate and data lines
over the first substrate;

first to fourth pixel electrodes each connected to each of
the thin film transistors and disposed to correspond to
one of the R, G, B and Y sub-pixels;

a color filter layer including red (R), green (G), blue (B)
and yellow (Y) color filters on a second substrate, each
of the R, G, B and Y color filters corresponding to one
of the R, G, B and Y sub-pixels of the first substrate;

a common electrode on the color filter layer; and

a liquid crystal layer interposed between the color filter

layer and the first to fourth pixel electrodes.

2. The device according to claim 1, wherein two neigh-
boring electrodes of the first to fourth pixel electrodes
receive different voltages having opposite polarities, respec-
tively.

3. The device according to claim 1, wherein the W
sub-pixel includes an indirect electric field formed by the
first to fourth pixel electrodes.

4. The device according to claim 3, wherein the indirect
electric field is generated between two neighboring elec-
trodes of the first to fourth pixel electrodes.

5. The device according to claim 3, wherein a portion of
the liquid crystal layer corresponding to the W sub-pixel is
driven by the indirect electric field in each pixel.

6. The device according to claim 5, wherein the portion of
the liquid crystal layer corresponding to the W sub-pixel has
a adjustable transmittance based on a voltage difference
between voltages applied to two neighboring electrodes of
the first to fourth pixel electrodes.

7. The device according to claim 1, wherein each of the
R, G, B and Y sub-pixels has a substantially rectangle shape
including a corner-cut side.

8. The device according to claim 7, wherein the R, G, B
and Y sub-pixels form a substantially square arrangement.

9. The device according to claim 7, wherein the W
sub-pixel is defined by the corner-cut sides of each of the R,
G, B and Y sub-pixels.

10. The device according to claim 9, wherein the W
sub-pixel has one of a substantially diamond, circle, oval,
square and cruciform shape.

11. The device according to claim 1, wherein the color
filter layer further includes a white (W) color filter corre-
sponding to the W sub-pixel.

12. The device according to claim 11, wherein the com-
mon electrode is disposed on the W color filter.

13. A liquid crystal display device, comprising:

a first substrate including a plurality of pixels each having
a white (W) sub-pixel and red (R), green (G), blue (B)
and yellow (Y) sub-pixels surrounding the W sub-
pixel;
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gate lines formed over the first substrate;

data lines formed substantially perpendicular to and cross-
ing the gate lines over the first substrate;

thin film transistors connected to the gate and data lines
over the first substrate;

first to fourth pixel electrodes disposed in the respective
R, G, B and Y sub-pixels over the first substrate and
connected to the thin film transistors, wherein each of
the first to fourth pixel electrodes has a turbinate shape
corresponding to a shape of one of the R, G, B and Y
sub-pixels;

common electrodes disposed in the respective R, G, B and
Y sub-pixels over the first substrate and spaced apart
from the respective first to fourth pixel electrodes,
wherein each of the common electrodes has a turbinate
shape corresponding to a shape of one of the first to
fourth pixel electrodes;

a color filter layer including red (R), green (G), blue (B)
and yellow (Y) color filters on a second substrate, each
of the R, G, B and Y color filters corresponding to one
of the R, G, B and Y sub-pixels; and

a liquid crystal layer interposed between the color filter
layer and the first to fourth pixel electrodes.

14. The device according to claim 13, further comprising
first red (R), green (G), blue (B) and yellow (Y) auxiliary
electrodes extending from the first to fourth pixel electrodes,
respectively, and second red (R), green (G), blue (B) and
yellow (Y) auxiliary electrodes perpendicularly extending
from the first red (R), green (G), blue (B) and yellow (Y)
auxiliary electrodes, respectively.

15. The device according to claim 14, wherein the first R
auxiliary electrode is substantially parallel to the second Y
auxiliary electrode, the first G auxiliary electrode is sub-
stantially parallel to the second R auxiliary electrode, the
first B auxiliary electrode is substantially parallel to the
second G auxiliary electrode, and the first Y auxiliary
electrode is substantially parallel the second B auxiliary
electrode.

16. The device according to claim 14, wherein the W
sub-pixel includes indirect electric fields formed between
the first R auxiliary electrode and the second Y auxiliary
electrode, between the first G auxiliary electrode and the
second R auxiliary electrode, between the first B auxiliary
electrode and the second G auxiliary, and between the first
Y auxiliary electrode and the second B auxiliary electrode.

17. The device according to claim 16, wherein a portion
of the liquid crystal layer corresponding to the W sub-pixel
is driven by the indirect electric fields of each pixel.

18. The device according to claim 13, wherein two
neighboring electrodes of the first to fourth pixel electrodes
receive different voltages having opposite polarities, respec-
tively.

19. The device according to claim 18, wherein the portion
of the liquid crystal layer corresponding to the W sub-pixel
has a adjustable transmittance based on a voltage difference
between the voltages applied to two neighboring electrodes
of the first to fourth pixel electrodes.
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20. The device according to claim 13, wherein each of the
R, G, B and Y sub-pixels has a substantially rectangle shape
including a corner-cut side.

21. The device according to claim 20, wherein the R, G,
B and Y sub-pixels form substantially a square.

22. The device according to claim 20, wherein the W
sub-pixel is defined by the corner-cut sides of the R, G, B
and Y sub-pixels.
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23. The device according to claim 22, wherein the W
sub-pixel has one of substantially a diamond, circle, oval,
square and cruciform shape.

24. The device according to claim 13, wherein the color
filter layer further includes a white (W) color filter corre-
sponding to the W sub-pixel.
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