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(57) ABSTRACT

A four color liquid crystal display (LCD) including red,
green, blue, and white pixels is provided. The LCD also
includes a plurality of gate lines for transmitting gate signals
to the pixels and a plurality of data lines for transmitting data
signals to the pixels. The LCD further includes a gate driver
supplying the gate signals to the gate lines, a data driver
supplying the data voltages to the data lines, and an image
signal modifier. The image signal modifier includes a data
converter converting three-color image signals into four-
color image signals, a data optimizer optimizing the four-
color image signals from the data converter, a data output unit
supplying the optimized image signals to the data driver in
synchronization with a clock, and a clock generator generat-
ing the clock. The data driver operates in synchronization
with the clock.
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FOUR COLOR LIQUID CRYSTAL DISPLAY
AND DRIVING DEVICE AND METHOD
THEREOF

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play and driving device and method thereof.

[0003] (b) Description of Related Art

[0004] Generally, a liquid crystal display (LCD) includes a
liquid crystal panel assembly including two panels provided
with two kinds of field generating electrodes such as pixel
electrodes and a common electrode and a liquid crystal layer
with dielectric anisotropy interposed therebetween. The
variation of the voltage difference between the field generat-
ing electrodes, i.e., the variation in the strength of an electric
field generated by the electrodes changes the transmittance of
the light passing through the LCD, and thus desired images
are obtained by controlling the voltage difference between the
electrodes.

[0005] The LCD includes a plurality of pixels with pixel
electrodes and red (RP), green (GP) and blue (BP) color
filters. The pixels are driven to perform display operation by
way of the signals applied thereto through display signal
lines. The signal lines include gate lines (or scanning signal
lines) for carrying the scanning signals, and data lines for
carrying data signals. Each pixel has a thin film transistor
(TFT) connected to one of the gate lines and one of the data
lines to control the data signals applied to the pixel electrode.
[0006] Meanwhile, there are several types of arrangement
of the red (RP), green (GP) and blue (BP) color filters.
Examples are a stripe type where the color filters of the same
color are arranged in the same pixel columns, a mosaic type
where the red, green and blue color filters are arranged in turn
along the row and column directions, and a delta type where
the pixels are arranged zigzag in the column direction and the
red, green and blue color filters are arranged in turn. The delta
type correctly represents a circle or a diagonal line.

[0007] However, the usual LCD representing one dot by the
three RGB colors pixels involves poor optical efficiency. Spe-
cifically, the color filters for the respective RGB pixels trans-
mitonly one thirds of the light incident thereupon, and hence,
the total optical efficiency is deteriorated.

SUMMARY OF THE INVENTION

[0008] A motivation of the present invention is to solve the
problems of the conventional LCD.

[0009] A four color liquid crystal display is provided,
which includes: a plurality of pixels including three primary
color pixels and a white pixel, each pixel including a pixel
electrode and a switching element; a plurality of gate lines
extending in a row direction for transmitting a gate signal to
the switching elements; and a plurality of data lines extending
in a column direction for transmitting data signals to the
switching elements, wherein the white pixel is smaller than
the three primary color pixels.

[0010] Preferably, the three primary color pixels include
red, green and blue pixels and the green pixel is spaced apart
from the white pixel.

[0011] An exemplary pixel arrangement is a 2x2 matrix. It
is preferable that the blue pixel is larger than the red pixel and
the green pixel and the blue pixel and the white pixel are
arranged in a diagonal direction.
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[0012] Alternatively, the pixels are arranged in sequence
along the row direction. The sequence of the pixels is prefer-
ably the red pixel, the green pixel, the blue pixel, and the white
pixel.

[0013] The three primary color pixels may have substan-
tially equal size.

[0014] At least one portion of the gate lines and the data
lines located adjacent to the white pixel may have a width
larger than other portions of the gate lines and the data lines.
Alternatively, at least one of the gate lines and the data lines
located adjacent to the white pixel has a width larger than
other of the gate lines and the data lines. Preferably, the at
least one portion having the larger width does not intersect
other of the gate lines and the data lines or the at least one of
the gate lines and the data lines having the larger width has a
portion intersecting the other of the gate lines and the data
lines and having a width smaller than other portions.

[0015] According to an embodiment of the present inven-
tion, a device of driving a four color liquid crystal display
including a plurality of dots, each dot including red, green,
blue, and white pixels, a plurality of gate lines for transmitting
gate signals to the pixels, and a plurality of data lines for
transmitting data signals to the pixels is provided, which
includes: a gate driver supplying the gate signals to the gate
lines; a data driver supplying the data voltages to the data
lines; and an image signal modifier for converting three-color
image signals into four-color image signals, optimizing the
four-color image signals, and supplying the optimized image
signals to the data driver such that the data driver converts the
optimized image signals to the data voltages.

[0016] The image signal modifier preferably includes: a
data converter converting three-color image signals into four-
color image signals; a data optimizer optimizing the four-
color image signals from the data converter; a data output unit
supplying the optimized image signals to the data driver in
synchronization with a clock; and a clock generator generat-
ing the clock, the data driver operating in synchronization
with the clock.

[0017] The optimized image signals (W', R, G', B') for the
white, red, green, and blue pixels are determined by one of the
following sets of equations:

W'=Min(¥,255);

R'=Re#Max(0, Wo-255);

G'=Gy+Max(0, Wy-255); and

B'=By+Max(0, Wy-255), @)
W'=W(255-Max(R,, G, By);

R*=Ry+(255-Max(Ro, Gy, Bo));

G'=G+(255-Max(Rq, G, By)); and

G'=Gy+(255-Max(R, Go, By)), and @)
W'=(Wy+AverageRo, G, By))i2;

R'=Ry+(Wy-Average(Ro, Go, Bo))'2;

G’ Go+(Wo-Average(R,, G, By))/2; and

B'=Byt+(Wy-Average(Ro, Go, Bo))2, (3)

where W, is an achromatic component of the four-color
image signals, R, G, and B, are chromatic components of the
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four-color signals, Min(x, y) and Max(x, y) are defined as
minimum and maximum values between x and y, respec-
tively, Max(x, y, z) is defined as a maximum value among x,
y and 7, and Average(X, y, z) is defined as an average value of
X, y and 7.

[0018] The data output unit may output the optimized
image signals by group of three optimized image signals.
[0019] According to another embodiment of the present
invention, a device of driving a four color liquid crystal dis-
play including a plurality of red, green, blue, and white pixels
arranged in a matrix is provided, which includes: a gray
voltage generator generating a plurality of gray voltages; an
image signal modifier for converting three-color image sig-
nals into four-color image signals and selecting one of the
three-color image signals and the four-color image signals;
and a data driver converting the selected image signals into
data voltages selected from the gray voltages and applying the
data voltage to the pixels.

[0020] The image signal modifier preferably includes: a
data converter converting the three-color image signals into
the four-color image signals; and a data selector for selecting
one of the three-color image signals and the four-color image
signals based on a predetermined condition.

[0021] The selection of the data selector is based on differ-
ence between current image signals and previous image sig-
nals. Preferably, the four-color image signals are selected
when the difference between the current image signals and
the previous image signals is larger than a predetermined
value and the three-color image signals are selected when the
difference between the current image signals and the previous
image signals is equal to or smaller than the predetermined
value.

[0022] Alternatively, the selection of the data selector is
based on a selection signal from an external device and a state
of the selection signal is preferably determined by a user. The
state of the selection signal may be determined by operation
modes of the liquid crystal display and the operation modes
include a normal mode and a TV mode.

[0023] The data selector may select both a group of the
three-color image signals and a group of the four-color image
signals. The liquid crystal display may have a PIP (picture-
in-picture) function and the selected part of the four-color
images signals preferably corresponds to the pixels display-
ing the PIP.

[0024] Alternatively, the four-color image signals are
selected when a supply voltage provided for the liquid crystal
display is a DC voltage and the three-color image signals are
selected when the supply voltage provided for the liquid
crystal display is an AC voltage.

[0025] The image signal modifier may further include a
data optimizer optimizing the four-color image signals from
the data converter based on a characteristic of the liquid
crystal display and provides the optimized four-color image
signals for the data selector. The data selector preferably
includes a multiplexer selecting one of the three-color image
signals and the four-color image signals based on a selection
signal.

[0026] The image signal modifier may further include a
delay unit delaying the three-color image signals for a prede-
termined time and supplying the delayed three-color image
signals to the multiplexer. The predetermined time is prefer-
ably equal to a time for the three-color image signals to reach
the multiplexer through the data converter and the data opti-
mizer.
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[0027] A method of driving a four color liquid crystal dis-
play including a plurality of gate lines, a plurality of data
lines, and a plurality of red, green, blue, and white pixels
arranged in a matrix is provided, which includes: converting
three-color image signals into four-color image signals; opti-
mizing the four-color image signals; converting the opti-
mized four-color image signals into data voltages; applying a
gate voltage to the gate lines; and applying the data voltages
into the data lines.

[0028] A method of driving a four color liquid crystal dis-
play including a plurality of gate lines, a plurality of data
lines, and a plurality of red, green, blue, and white pixels
arranged in a matrix is also provided, which includes: con-
verting three-color image signals into four-color image sig-
nals; selecting one of the three-color image signals and the
four-color image signals; converting the selected image sig-
nals into data voltages; applying a gate voltage to the gate
lines; and applying the data voltages into the data lines.
[0029] The method may further include: optimizing the
four-color image signals before the signal selection; and
delaying the three-color image signals for a predetermined
time before the signal selection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other advantages of the present
invention will become more apparent by describing preferred
embodiments thereof in detail with reference to the accom-
panying drawings in which:

[0031] FIG.1isablockdiagram of an LCD according to an
embodiment of the present invention;

[0032] FIG. 2 is an equivalent circuit diagram of a pixel of
an LCD according to an embodiment of the present invention;
[0033] FIGS.3A-3C illustrate spatial arrangements of pix-
els of LCDs according to an embodiment of the present inven-
tion;

[0034] FIGS. 4A-4C illustrate spatial arrangements of pix-
els of LCDs according to another embodiment of the present
invention;

[0035] FIG. 5is a layout view of an exemplary TFT array
panel for an LCD according to an embodiment of the present
invention;

[0036] FIG. 6 is a sectional view of the TFT array panel
shown in FIG. 5 taken along the line VI-VT';

[0037] FIG. 7 is an exemplary image signal modifier for an
LCD according to an embodiment of the present invention;
[0038] FIG. 8illustrates exemplary waveforms of signals in
the image signal modifier shown in FIG. 7; and

[0039] FIG. 9 is an exemplary image signal modifier for an
LCD according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0040] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the inventions are
shown.

[0041] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like ele-
ments throughout. It will be understood that when an element
such as a layer, 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
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an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0042] Now, LCDs and driving devices and methods
thereof according to embodiments of this invention will be
described in detail with reference to the accompanying draw-
ings.

[0043] FIG.1isablockdiagram of an LCDaccording to an
embodiment of the present invention and FIG. 2 is an equiva-
lent circuit diagram of a pixel of an LCD according to an
embodiment of the present invention.

[0044] Referring to FIG. 1, an LCD according to an
embodiment of the present invention includes a L.C panel
assembly 300, a gate driver 400 and a data driver 500 which
are connected to the panel assembly 300, a gray voltage
generator 800 connected to the data driver 500, and a signal
controller 600 controlling the above elements.

[0045] The LC panel assembly 300, in structural view
shown in FIG. 3, includes a lower panel 100, an upper panel
200and aliquid crystal layer 3 interposed therebetween while
itincludes a plurality of display signal lines G, -G, and D, -D,,
and a plurality of pixels connected thereto and arranged sub-
stantially in a matrix in circuital view shown in FIGS. 1 and 2.
[0046] The display signal lines G,-G,, and D,-D,, are pro-
vided on the lower panel 100 and include a plurality of gate
lines G,-G,, transmitting gate signals (called scanning sig-
nals) and a plurality of data lines D,-D, transmitting data
signals. The gate lines G,-G,, extend substantially in a row
direction and are substantially parallel to each other, while the
data lines D,-D,, extend substantially in a column direction
and are substantially parallel to each other.

[0047] Each pixel includes a switching element Q con-
nected to the display signal lines G,-G,, and D,-D,,, and an
LC capacitor C, . and a storage capacitor C- that are con-
nected to the switching element Q. The storage capacitor Cg;
may be omitted if unnecessary.

[0048] The switching element Q suchas a TFT is provided
on the lower panel 100 and has three terminals: a control
terminal connected to one of the gate lines G,-G,; an input
terminal connected to one of the data lines D,-D,; and an
output terminal connected to the LC capacitor C; - and the
storage capacitor Cgy.

[0049] TheLC capacitor C, - includes a pixel electrode 190
on the lower panel 100, a common electrode 270 on the upper
panel 200, and the LC layer 3 as a dielectric between the
electrodes 190 and 270. The pixel electrode 190 is connected
to the switching element Q, and the common electrode 270
covers the entire surface of the upper panel 100 and is sup-
plied with a common voltage Vcom. Alternatively, both the
pixel electrode 190 and the common electrode 270, which
have shapes of bars or stripes, are provided on the lower panel
100.

[0050] The storage capacitor C; is an auxiliary capacitor
for the LC capacitor C, .. The storage capacitor C,-includes
the pixel electrode 190 and a separate signal line (not shown),
which is provided on the lower panel 100, overlaps the pixel
electrode 190 via an insulator, and is supplied with a prede-
termined voltage such as the common voltage Vcom. Alter-
natively, the storage capacitor Cgincludes the pixel electrode
190 and an adjacent gate line called a previous gate line,
which ovetlaps the pixel electrode 190 via an insulator.
[0051] For colordisplay, each pixel represents its own color
by providing one of a plurality of color filters 230 in an area
occupied by the pixel electrode 190. The color filter 230
shown in FIG. 2 is provided in the corresponding area of the
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upper panel 200. Alternatively, the color filter 230 is provided
on or under the pixel electrode 190 on the lower panel 100.
[0052] Thecolor of the color filter 230 is one of the primary
colors such as red, green and blue and white. Hereinafter, a
pixel is referred to as red, greed, blue or white pixel based on
the color represented by the pixel and indicated by reference
numeral RP, GP, BP or WP, which is also used to indicate a
pixel area occupied by the pixel. The white pixel WP may
have no color filter.

[0053] A pair of polarizers (not shown) polarizing incident
light are attached on the outer surfaces of the panels 100 and
200 of the panel assembly 300.

[0054] Spatial arrangements of pixels of LCDs according
to embodiments of the present invention are described with
reference to FIGS. 3A to 4C.

[0055] FIGS. 3A-3C illustrate striped arrangements of pix-
els of LCDs according to an embodiment of the present inven-
tion.

[0056] Referring to FIGS. 3A-3C, a plurality of pixels are
arranged in a matrix including a plurality of pixel row and a
plurality of pixel columns.

[0057] Each pixel row includes pixels representing four
colors, i.e., red pixels RP, green pixels GP, blue pixels BP, and
white pixels WP arranged in sequence, while each pixel col-
umn includes only one kind of pixels among the four color
pixels RP, GP, BP and WP. Although the sequence of the
pixels in a pixel row can be altered, it is preferable that the
green pixels GP are far from the white pixels WP since the
white pixels WP and the green pixels GP has transmittance
higher than the red pixels RP and the blue pixels BP.

[0058] A group of four pixels shown in FIGS. 3A-3C form
a dot, which is an elementary unit for an image.

[0059] All pixels shown in FIG. 3A have substantially
equal size, while the pixels shown in FIGS. 3B and 3C do not
have equal size. Referring to FIGS. 3B and 3C, the white pixel
WP is smaller than the red, green and blue pixels RP, GP and
BP. The red, green and blue pixels RP, GP and BP may have
equal size.

[0060] As shown in FIG. 3B, the red, green and blue pixels
RP, GP and BP are enlarged and the white pixel WP is
reduced, compared with those shown in FIG. 3A. The ratio of
the size of the white pixel WP and the size of the red, green
and blue pixels RP, GP and BP is determined by considering
the luminance of a backlight unit (not shown) and a target
color temperature. The size of the white pixel WP may be half
or quarter of other pixels RP, GP and BP.

[0061] As shownin FIG. 3C, the white pixel WP is reduced
while the size of the red, green and blue pixels RP, GP and BP
are not changed, compared with those shown in FIG. 3A. The
reduction of the white pixel WP is obtained by widening the
signal lines such as the gate lines G1-Gn or the data lines
D1-Dm (shown in FIGS. 1 and 2) near the white pixel WP or
by widening a portion of a black matrix (not shown), which
can be provided on the upper panel 200, enclosing the white
pixel WP. It is preferable that intersecting area between the
gate lines G1-Gm and the data lines D1-Dm is not increased
since the intersecting area causes capacitive load to the signal
lines.

[0062] FIGS. 4A-4C illustrate mosaic pixel arrangements
of LCDs according to an embodiment of the present inven-
tion.

[0063] Referring to FIGS. 4A-4C, each pixel row and each
pixel column include two kinds of pixels among the four color
pixels RP, GP, BP and WP.
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[0064] Referring to FIGS. 4A and 4C, the pixel rows
including the green and red pixels GP and RP and the pixel
rows including the blue and white pixels BP and WP are
alternately arranged. In view of columns, the pixel columns
including the green and blue pixels GP and BP and the pixel
columns including the red and white pixels RP and WP are
alternately arranged.

[0065] Referring to FIG. 4B, the pixel rows including the
blue and red pixels BP and RP and the pixel rows including
the green and white pixels GP and WP are alternately
arranged. In view of columns, the pixel columns including the
blue and green pixels BP and GP and the pixel columns
including the red and white pixels RP and WP are alternately
arranged.

[0066] The sequence of the pixels in a pixel row and a pixel
column can be also altered and it is still preferable that the
green pixels GP are far from the white pixels WP although the
green pixels GP and the white pixels WP shown in FIG. 4B
are adjacent to each other because of a specific reason
described later.

[0067] FIGS. 4A-4C show a dot including a group of four
pixels forming a 2x2 matrix.

[0068] All pixels shown in FIG. 4A have substantially
equal size, while the pixels shown in FIGS. 4B and 4C do not
have equal size. Referring to FIGS. 4B and 4C, the white pixel
WP is smaller than the red, green and blue pixels RP, GP and
BP. The red, green and blue pixels RP, GP and BP may have
equal or different sizes.

[0069] As shown in FIG. 4B, the white pixel WP is reduced
and the red, green and blue pixels RP, GP and BP are enlarged
and, compared with those shown in FIG. 4A. The mosaic
pixel arrangement prevents the red, green and blue pixels RP,
GP and BP from being equally enlarged. As described above,
the ratio of the size of the white pixel WP and the size of the
red, green and blue pixels RP, GP and BP is determined by
considering the luminance of a backlight unit and a target
color temperature. Since the variation of the amount of the
blue light is relatively insensitive to a person compared with
red and green light, and hence, the influence of the areal
reduction of the blue pixel BP on the image quality is rela-
tively small, it is preferable that the increased area of the blue
pixel BP is larger than those of the red pixel RP and the green
pixel GP and thus the sequence of the pixels are altered as
shown in FIG. 4B. The size of the white pixel WP may be
quarter of the blue pixel BP and half of the red and green
pixels RP and GP.

[0070] As shown in FIG. 4C, the white pixel WP is reduced
by widening both or either of portions ofthe gate lines G1-Gn
and the data lines D1-Dm (shown in FIGS. 1 and 2) near the
white pixel WP. Tt is also preferable that intersecting area
between the gate lines G1-Gm and the data lines D1-Dm is
not increased.

[0071] These configurations of a four color LCD increase
the light transmittance.

[0072] Since the red, green and blue color filters transmit
one thirds of incident light, the light transmittance of a white
pixel WP is about three times that of other color pixels RP, GP
and BP. Accordingly, the inclusion of the white pixels WP
improves the optical efficiency without increasing the total
area of the dot.

[0073] Assume that the amount of incident light is one.
[0074] For a dot including three pixels, i.e., red, green and
blue pixels, the area of each pixel is one thirds of the total area
of the dot. Since the light transmittance of the color filter in
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the pixels is one thirds, the total light transmittance of the dot
is equal to VaxVa+VaxVs+5xA=15~33.3%.

[0075] For a dot shown in FIGS. 3A and 4A, the area of
each pixel is a quarter of the total area. Since the light trans-
mittance of the white pixel WP is one, while that of the other
pixels RP, GP and BP is one thirds, the total light transmit-
tance of the dot equals to
Vaxa+VaxVatVaxls+Vax1=%12=50%.  Accordingly,  the
brightness is increased to be about 1.5 times compared with a
three-color LCD.

[0076] In addition, the reduction of the area of the white
pixel WP shown in FIGS. 3B, 3C, 4B and 4C reduces dete-
rioration of color level or color saturation (chromaticity),
which may occur due to the increase of the luminance.
[0077] An exemplary detailed structure of a TFT array
panel for an LCD according to an embodiment of the present
invention will be described with reference to FIGS. 5 and 6.
[0078] FIG. 5is a layout view of an exemplary TFT array
panel for an LCD according to an embodiment of the present
invention, and FIG. 6 is a sectional view of the TFT array
panel shown in FIG. 5 taken along the line VI-VT.

[0079] A plurality of gate lines 121 for transmitting gate
signals are formed on an insulating substrate 110. Each gate
line 121 extends substantially in a transverse direction and a
plurality of portions of each gate line 121 form a plurality of
gate electrodes 123. Each gate line 121 includes a plurality of
expansions 127 protruding downward.

[0080] The gate lines 121 include a low resistivity conduc-
tive layer preferably made of Ag containing metal such as Ag
and Ag alloy or Al containing metal such as Al and Al alloy.
The gate lines 121 may have a multilayered structure includ-
ing a low resistivity conductive layer and another layer pref-
erably made of Cr, Ti, Ta, Mo or their alloys such as MoW
alloy having good physical, chemical and electrical contact
characteristics with other materials such as ITO (indium tin
oxide) and IZ0 (indium zinc oxide). A good exemplary com-
bination of such layers is Cr and Al—Nd alloy.

[0081] The lateral sides of the gate lines 121 are tapered,
and the inclination angle of the lateral sides with respect to a
surface of the substrate 110 ranges about 30-80 degrees.
[0082] A gate insulating layer 140 preferably made of sili-
con nitride (SiNx) is formed on the gate lines 121.

[0083] A plurality of semiconductor islands 154 preferably
made of hydrogenated amorphous silicon (abbreviated to
“a-Si”) are formed on the gate insulating layer 140.

[0084] A plurality of ohmic contact islands 163 and 165
preferably made of silicide or n+ hydrogenated a-Si heavily
doped with n type impurity are formed on the semiconductor
islands 154. The ohmic contact islands 163 and 165 are
located in pairs on the semiconductor islands 154.

[0085] The lateral sides of the semiconductor islands 154
and the ohmic contacts 163 and 165 are tapered, and the
inclination angles thereof are preferably in a range between
about 30-80 degrees.

[0086] A plurality of data lines 171, a plurality of drain
electrodes 175, and a plurality of storage capacitor conduc-
tors 177 are formed on the ohmic contacts 163 and 165 and
the gate insulating layer 140.

[0087] The data lines 171 for transmitting data voltages
extend substantially in the longitudinal direction and intersect
the gate lines 121. A plurality of branches of each data line
171, which extend toward the drain electrodes 175, form a
plurality of source electrodes 173. Each pair of the source
electrodes 173 and the drain electrodes 175 are separated
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from each other and opposite each other with respect to a gate
electrode 123. A gate electrode 123, a source electrode 173,
and a drain electrode 175 along with a semiconductor island
154 form a TFT having a channel formed in the semiconduc-
tor island 154 disposed between the source electrode 173 and
the drain electrode 175.

[0088] The storage capacitor conductors 177 overlap the
expansions 127 of the gate lines 121.

[0089] The datalines 171, the drain electrodes 175, and the
storage capacitor conductors 177 also include a low resistiv-
ity conductive layer preferably made of Ag containing metal
such as Ag and Ag alloy or Al containing metal such as Al and
Al alloy. The data lines 171, the drain electrodes 175, and the
storage capacitor conductors 177 may have a multilayered
structure including a low resistivity conductive layer and
another layer preferably made of Cr, Ti, Ta, Mo or their alloys
such as MoW alloy having good physical, chemical and elec-
trical contact characteristics with other materials such as ITO
(indium tin oxide) and 1ZO (indium zinc oxide). A good
exemplary combination of such layers is Cr and Al—Nd
alloy.

[0090] The lateral sides of the data lines 171, the drain
electrodes 175, and the storage capacitor conductors 177 are
tapered, and the inclination angle of the lateral sides with
respect to a surface of the substrate 110 ranges about 30-80
degrees.

[0091] The ohmic contacts 163 and 165 interposed only
between the underlying semiconductor islands 154 and the
overlying data lines 171 and the overlying drain electrodes
175 thereon and reduce the contact resistance therebetween.
[0092] A passivation layer 180 is formed on the data lines
171, the drain electrodes 175, the storage conductors 177, and
the exposed portions of the semiconductor islands 154. The
passivation layer 180 is preferably made of photosensitive
organic material having a good flatness characteristic, low
dielectric insulating material such as a-Si:C:O and a-Si:O:F
formed by plasma enhanced chemical vapor deposition
(PECVD), or inorganic material such as silicon nitride. Alter-
natively, the passivation layer 180 may includes both a SINX
film and an organic film.

[0093] The passivation layer 180 has a plurality of contact
holes 185, 187 and 189 exposing the drain electrodes 175, the
storage conductors 177, and end portions 179 of the data lines
171, respectively. The passivation layer 180 and the gate
insulating layer 140 has a plurality of contact holes 182
exposing end portions 125 of the gate lines 121.

[0094] A plurality of pixel electrodes 190 and a plurality of
contact assistants 92 and 97, which are preferably made of
170 or ITO, are formed on the passivation layer 180.

[0095] The pixel electrodes 190 are physically and electri-
cally connected to the drain electrodes 175 through the con-
tact holes 185 and to the storage capacitor conductors 177
through the contact holes 187 such that the pixel electrodes
190 receives the data voltages from the drain electrodes 175
and transmits the received data voltages to the storage capaci-
tor conductors 177.

[0096] Referring back to FIG. 2, the pixel electrodes 190
supplied with the data voltages generate electric fields in
cooperation with the common electrode 270 on the other
panel 200, which reorient liquid crystal molecules in the
liquid crystal layer 3 disposed therebetween.

[0097] As described above, a pixel electrode 190 and a
common electrode 270 form a liquid crystal capacitor C, .,
which stores applied voltages after turn-off of the TFT Q. An
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additional capacitor called a “storage capacitor,” which is
connected in parallel to the liquid crystal capacitor C, ., is
provided for enhancing the voltage storing capacity. The stor-
age capacitors are implemented by overlapping the pixel elec-
trodes 190 with the gate lines 121 adjacent thereto (called
“previous gate lines”). The capacitances of the storage
capacitors, i.e., the storage capacitances are increased by
providing the expansions 127 at the gate lines 121 for increas-
ing overlapping areas and by providing the storage capacitor
conductors 177, which are connected to the pixel electrodes
190 and overlap the expansions 127, under the pixel elec-
trodes 190 for decreasing the distance between the terminals.
[0098] The pixel electrodes 190 overlap the gate lines 121
and the data lines 171 to increase aperture ratio but it is
optional.

[0099] Thecontactassistants 92 and 97 are connected to the
exposed end portions 125 of the gate lines 121 and the
exposed end portions 179 of the data lines 171 through the
contact holes 182 and 189, respectively. The contact assis-
tants 92 and 97 are not requisites but preferred to protect the
exposed portions 125 and 179 and to complement the adhe-
siveness of the exposed portion 125 and 179 and external
devices.

[0100] According to another embodiment of the present
invention, the pixel electrodes 190 are made of transparent
conductive polymer. For a reflective or transflective LCD, the
pixel electrodes 190 include opaque reflective metal.

[0101] Referring back to FIG. 1, the gray voltage generator
800 generates two sets of a plurality of gray voltages related
to the transmittance of the pixels. The gray voltages in one set
have a positive polarity with respect to the common voltage
Veom, while those in the other set have a negative polarity
with respect to the common voltage Vcom.

[0102] The gate driver 400 is connected to the gate lines
G -G, of the panel assembly 300 and synthesizes the gate-on
voltage Von and the gate off voltage Voff from an external
device to generate gate signals for application to the gate lines
G,-G,,.

[0103] The data driver 500 is connected to the data lines
D -D,, of the panel assembly 300 and applies data voltages
selected from the gray voltages supplied from the gray volt-
age generator 800 to the data lines D,-D,,.

[0104] The signal controller 600 controls the drivers 400
and 500, etc., and includes an image signal modifier 610. The
image signal modifier 610 may be a stand alone device.

[0105] Now, the operation of the LCD will be described in
detail.
[0106] The signal controller 600 is supplied with three-

color image signals R, G and B and input control signals
controlling the display thereof such as a vertical synchroni-
zation signal Vsync, a horizontal synchronization signal
Hsyne, a main clock MCLK, and a data enable signal DE,
from an external graphic controller (not shown). The image
signal modifier 610 of the signal controller 610 converts the
three-color image signals R, G and B into four-color image
signals and processes and modifies the four-color image sig-
nals suitable for the operation of the panel assembly 300 on
the basis of the input control signals and the input image
signals R, G and B. In addition, the signal controller 600
generates gate control signals CONT1 and data control sig-
nals CONT2 for controlling the processed and modified
image signals Ro', Go', Bo' and Wo'. The signal controller 600
provides the gate control signals CONT1 for the gate driver
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400, and the processed image signals Ro', Go', Bo' and Wo'
and the data control signals CONT2 for the data driver 500.
[0107] The gate control signals CONT1 include a vertical
synchronization start signal STV for informing of start of a
frame, a gate clock signal CPV for controlling the output time
ofthe gate-on voltage Von, and an output enable signal OFE for
defining the width of the gate-on voltage Von. The data con-
trol signals CONT2 include a horizontal synchronization start
signal STH for informing of start of a horizontal period, a load
signal LOAD or TP for instructing to apply the appropriate
data voltages to the data lines D,-D,,, an inversion control
signal RVS for reversing the polarity of the data voltages
(with respect to the common voltage Vcom) and a data clock
signal HCLK.

[0108] The data driver 500 receives a packet of the image
data Ro', Go', Bo' and Wo' for a pixel row from the signal
controller 600 and converts the image data Ro', Go', Bo' and
Wo' into the analog data voltages selected from the gray
voltages supplied from the gray voltage generator 8§00 in
response to the data control signals CONT2 from the signal
controller 600.

[0109] Responsive to the gate control signals CONT1 from
the signals controller 600, the gate driver 400 applies the
gate-on voltage Von to the gate line G -G, thereby turning on
the switching elements Q connected thereto.

[0110] The data driver 500 applies the data voltages to the
corresponding data lines D,-D,, for a turn-on time of the
switching elements Q (which is called “one horizontal
period” or “1H” and equals to one periods of the horizontal
synchronization signal Hsync, the data enable signal DE, and
the gate clock signal CPV). Then, the data voltages in turn are
supplied to the corresponding pixels via the turned-on switch-
ing elements Q.

[0111] The difference between the data voltage and the
common voltage Vcom applied to a pixel is expressed as a
charged voltage of the LC capacitor C, ., i.e., a pixel voltage.
The liquid crystal molecules have orientations depending on
the magnitude of the pixel voltage and the orientations deter-
mine the polarization of light passing through the L.C capaci-
tor C, .. The polarizers convert the light polarization into the
light transmittance.

[0112] By repeating this procedure, all gate lines G, -G,, are
sequentially supplied with the gate-on voltage Von during a
frame, thereby applying the data voltages to all pixels. When
the next frame starts after finishing one frame, the inversion
control signal RVS applied to the data driver 500 is controlled
such that the polarity of the data voltages is reversed (which is
called “frame inversion™). The inversion control signal RVS
may be also controlled such that the polarity of the data
voltages flowing in a data line in one frame are reversed
(which is called “line inversion™), or the polarity of the data
voltages in one packet are reversed (which is called “dot
inversion”).

[0113] An image signal modifier according to an embodi-
ment of the present invention is described in detail with ref-
erence to FIGS. 7 and 8.

[0114] FIG. 7is an exemplary image signal modifier for an
LCD according to an embodiment of the present invention
and FIG. 8 illustrates exemplary waveforms of signals in the
image signal modifier shown in FIG. 7.

[0115] An image signal modifier according to an embodi-
ment of the present invention includes a data converter 601 for
converting three-color image signals R, G and B into four-
color image signals R, G, B and W, a data optimizer 602 for
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optimizing the four-color image signals R, G, B and W, a data
output unit 603 for outputting the optimized image signals R',
G', B' and W' in synchronization with a clock OPC, and a
clock generator for generating the clock OPC. The output
image signals from the data output unit 603 are denoted as
Ro', Go', Bo' and Wo'.

[0116] Theoperation of the image signal modifier shown in
FIG. 7 is described more in detail.

[0117] The data converter 601 converts a set of input red,
green and blue image signals R, G and B into a plurality of
sets ofred, green, blue and white image signals R, G, Band W.
The data conversion is made by various techniques. One
example s to extract white components from 2-bit three-color
image data and to generate four-color image data by half-tone
processing. Another example is that a minimum among incre-
ments of a set of three-color image data forms a white com-
ponent and the increments subtracted by the white component
are used as the output red, green and blue signals. Detailed
description of these examples is omitted since they are known
in the art.

[0118] In the meantime, there are several ways to make a
dot represent a gray. For example, a dot represents the 127-th
gray among the zero-th to the 255-th grays by assigning the
values (W,RGB)=(0,255), (1,254).....,(127.127), .. .,(254,
1), (255, 0) to the white pixel WP and the red, green and blue
pixels RP, GP and BP. That is, there is 256 ways for the dot to
represent the 127-th gray.

[0119] Thedataoptimizer 602 selects an optimal set among
the plurality of sets of four-color image data R, G, B and W
considering the characteristics of the LCD such as resolution,
power consumption, visibility, etc.

[0120] First, the data optimizer 602 distinguishes an ach-
romatic component W, and a chromatic component R,, G,
and B, which are given by:

Wo=W+Min(R, G, B);
Ry=R-Min(R, G. B);
Go=G-Min(R, G, B); and

B,=B-Min(R, G, B). (1)

[0121] A maximum gray W' of the white pixel WP and
associated grays R', G' and B' of the red, green and blue pixels
RP, GP and BP for a 256 gray LCD are given by:

W'=Min(W,, 235);
R'=R+Max(0, W5-255);
G'=Gy+Max(0, Wy-255); and

B'=B+Max(0, Wy-233). (3]

[0122] A minimum gray W' of the white pixel WP and
associated grays R', G' and B' of the red, green and blue pixels
RP, GP and BP a 256 gray LCD are given by:

W'=Wy=(255-Max(Ro, Go, Bo));
R'=Ry+(255-Max(Ro, Go, Bo));
G'=Gy+(255-Max(Re, Go, Bo)); and

G'=G,+(255-Max(R,, G, By)). 3)

[0123] When the gray W' of the white pixel WP is intended
to be equal to the grays R', G' and B' of the red, green and blue
pixels RP, GP and BP,
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W'=(Wy+Average(Ry, Go, By))/2;

R'=Ry+(Wy-AverageRo, Go, By))'2;

G'=Gy+(WyAverage(Ro, Gy, By)y2; and

B'=By+(W,-AverageRo, Go, By))2. 4)

[0124] 1t is preferable that the difference in the grays
between the white pixel WP and the other pixels RP. GP and
BP is maximized for improving resolution or visibility. For
example, the image deterioration due to gray inversion
becomes reduced and thus the lateral visibility is improved as
the gray difference between the white pixel WP and the other
pixels RP, GP and BP becomes large, in particular for a
twisted nematic (TN) type LCD. In this case, the selected
grays of the respective pixels are determined by Equation 2 or
3.

[0125] When representing a gray, the voltage applied to the
white pixel WP decreases as the voltage applied to each of the
red, green and blue pixels RP, GP and BP increases. Accord-
ingly, the increase of the voltage applied to the white pixel WP
makes the decrease of the voltage applied to each of the red,
green and blue pixels RP, GP and BP and thus it reduces total
power by multiple times. As a result, it is preferable that a
voltage applied to the white pixel WP is as large as possible
while that applied to each of the other pixels RP, GP and BP
is as small as possible. In detail, it is preferable that the gray
for the white pixel WP is as large as possible while the grays
for the red, green and blue pixels RP, GP and BP are as small
as possible for a normally black mode LCD. For a normally
white mode LCD, however, it is preferable that the gray for
the white pixel WP is as small as possible while the grays for
the red, green and blue pixels RP, GP and BP are as large as
possible for a normally white mode LCD since the gray
voltage becomes large as the gray decreases in a normally
white mode LCD. In this case, the selected grays of the
respective pixels are determined by Equation 2 or 3.

[0126] For an LCD having no serious gray inversion prob-
lem or no power consumption problem, it is preferable that
the gray of the white pixel WP is similar to the grays of the
red, green and blue pixels RP, GP and BP for better image
quality. In particular, since the pixels on a screen of a low
resolution LCD such as TV may be distinguished, the inten-
sities of the pixels are preferably similar to each other to give
uniformity. However since the luminance of the white pixel
WP is much higher than the red, green and blue pixels RP, GP
and BP, it is preferable that the gray of the white pixel WP is
relatively low compared with the grays of the red, green and
blue pixels RP, GP and BP. In this case, the selected grays of
the respective pixels are determined by Equation 4.

[0127] The above optimization is merely an example, and
other optimizations can be applicable considering the highest
value of the gray of each pixel, for example, 255.

[0128] The data output unit 603 receives the optimized
image signals R', G', B' and W' from the data optimizer 602
and provides the outputimage signals Ro', Go', Bo'and Wo' to
the data driver 500 in synchronization with the clock OPC
from the clock generator 604. Although the data driver 500
may be specifically designed for a four-color LCD, it is pref-
erable that the driver 500 is a conventional one designed for a
three-color LCD, which is commonly available and relatively
cheap.

[0129] Since the number of the four-color image data is 4/3
times larger than that of the three-color image data, the data
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processing speed for the four-color image data becomes pref-
erably 4/3 times high compared with that for the three-color
image data. Accordingly, the clock generator 604 generates
an output clock OPChaving a frequency 4/3 times higher than
that of an input clock IPC based on the input clock IPC, and
the data transmission from the data output unit 603 to the data
driver 500 and the data processing in the data driver 500 is
synchronized with the output clock OPC.
[0130] Inaddition,the data output unit 603 preferably rear-
ranges the input data R', G', B' and W' according to the
characteristics of the data driver 500. For example, when the
data driver 500 is designed for a three-color LCD, all the four
image data including a set cannot be simultaneously trans-
mitted to the data driver 500 and thus the image data are
required to be rearranged.
[0131] FIG. 8 shows exemplary waveforms of an input
clock IPC, image signals RGBW entering into the data opti-
mizer 602, an output clock OPC, and output image signals
R'G'B'W' of the data output unit 603 in a four-color LCD
having a striped pixel arrangement shown in FIGS. 3A-3C
and a data driver for a three-color LCD.
[0132] Asshownin FIG. 8, the sequence of the input image
dataRGBW, i.e, (R,G,B,W,), (R,G,B,W,),(R,G,B,W,),.
. 1s substantially equal to the output image data
Ro'Go'Bo"Wo' in the LCD with a striped pixel arrangement,
1e., (RyGBy), (WR,G)), (B, W R,), (G,B,W,). The data
enclosed in a parenthesis are transmitted simultaneously.
[0133] For a mosaic pixel arrangement shown in FIGS.
4A-4C, the sequence of the output image data Ro'Go'Bo'Wo'
is different from that for a striped pixel arrangement. For the
arrangements shown in FIGS. 4A and 4C, the sequence of the
output image data Ro'Go'Bo"Wo' for adjacent two pixel rows
i5 (GoRoG)), R G,R,), -, (R, G, R, (G Ry Gr)s
) (G(Zm—Z)R(Zm—Z)G(Zm—1))5 (R(2m—1)G2mR2m)5 (ByWoB,),
(W,B,W,),...(W,_ B, W,).(B,.s1 W, Brio)s - (B(Zm—
W, nBan1y)s (W, 1yB,,, Ws,,) while the sequence of
the input image data RGBW is (R,G,B,W,), (R,G,B, W),
(RsGaBWa). .. R GB W), (Rer Gt Bimesy Wi
D), ... (R,,G5,,B5,,W,,,). For this data rearrangement, the
data output unit preferably includes a line buffer or a line
memory for storing image data for a pixel row.
[0134] An image signal modifier according to another
embodiment of the present invention is described in detail
with reference to FIG. 9.
[0135] FIG. 9 is an exemplary image signal modifier for an
LCD according to another embodiment of the present inven-
tion.
[0136] An image signal modifier according to another
embodiment of the present invention includes a data con-
verter 601 for converting three-color image signals R, G and
B into four-color image signals R, G, B and W, a data opti-
mizer 602 for optimizing the four-color image signals R, G, B
and W, a delay unit (DELAY) 605 for delaying input three-
color image signals R, G and B, and a multiplexer (MUX) 606
connected to the data optimizer 602 and the delay unit 605.
[0137] The functions of the data inverter 601 and the data
optimizer 602 are substantially the same as those shown in
FIG. 7.
[0138] The delay unit 605 receives the three-color image
signals R, G and B, delays the three-color image signals R, G
and B for a predetermined time, and provides the delayed
three-color image signals R, G and B for the multiplexer 606.
The predetermined time is preferably equal to the processing
time of the data converter 601 and the data optimizer 602.
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[0139] The multiplexer 604 selects one of the three-color
image signals R, G and B from the delay unit 605 and the
four-color image signals R', G', B' and W' from the data
optimizer 602 in response to an enable signal EN from the
signal controller 600 or an external device.

[0140] The level of the enable signal EN is determined by
the difference between three-color signals in a current frame
(referred to as “current signals” hereinafter) and three-color
signals in a previous frame (referred to as “previous signals”
hereinafter). For example, if the difference between the cur-
rent signals and the previous signals is lower than a predeter-
mined value, an image to be displayed is determined to be a
still image. On the contrary, if the difference between the
current signals and the previous signals is equal to or larger
than the predetermined value, an image to be displayed is
determined to be a motion image. It is preferable that the
three-color images are selected for the motion picture, while
the four-color images are selected for the still picture.

[0141] Alternatively, the level of the enable signal EN is
determined by a signal from an external device, which is
controlled by a user. For example, the user can select anormal
mode or a TV mode by using a switch (not shown). A signal
from the switch is provided for the multiplexer 606 as the
enable signal EN. It is preferable that three-color images are
selected for the normal mode which mainly displays still
images, while four-color images are selected for the TV
mode, which mainly displays motion images.

[0142] The enable signal EN can be controlled such that
only a portion of the image signals are four-color signals
while the remaining portions are three-color signals. This is
useful for an LCD having a PIP (picture-in-picture) function
or capable of enhancing the luminance of a portion of a
screen.

[0143] Alternatively, the selection of the type of the image
signals in the multiplexer 606 is determined by a supply
voltage type. For example, it is preferable that three-color
images are selected when using an AC power supply, while
four-color images are selected when using a portable DC
power supply such as battery since the four-color image dis-
play consumes less power than the three-color image display
with maintaining equal brightness. The supply voltage type
can be detected by the signal controller from a state of a
backlight unit, which largely contributes to the power con-
sumption of the LCD and is designed to be sensitive to the
supply voltage type. Alternatively, the signal controller 600
detects the supply voltage type and selects the types of the
image signals as well as it controls the backlight unit based on
the supply voltage. For instance, the luminance of the back-
light unit follows the selection of four-color image signals to
decrease the power consumption when using a portable DC
power supply.

[0144] To summarize, the four color LCD according to the
embodiments of the present invention improves the light effi-
ciency to reduce the power consumption. The appropriate
adjustment of the area occupied by the white pixel remains
the color chromaticity with still increasing the luminance. In
addition, the optimization of four color image signals reduces
the power consumption and improves image quality with still
using conventional driving circuits such as a gate driver and a
data driver. Furthermore, the appropriate selection of three-
color image signals and four-color signals can be made con-
sidering the image type, user preference, power consumption,
etc.
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[0145] Although preferred embodiments of the present
invention have been described in detail hereinabove, it should
be clearly understood that many variations and/or modifica-
tions of the basic inventive concepts herein taught which may
appear to those skilled in the present art will still fall within
the spirit and scope of the present invention, as defined in the
appended claims.

1-18. (canceled)

19. A device of driving a four color liquid crystal display
including a plurality of red, green, blue, and white pixels
arranged in a matrix, the device comprising:

a gray voltage generator generating a plurality of gray

voltages;

an image signal modifier for converting three-color image

signals into four-color image signals and selecting one
of the three-color image signals and the four-color
image signals; and

adatadriver converting the selected image signals into data

voltages selected from the gray voltages and applying
the data voltage to the pixels.

20. The device of claim 19, wherein the image signal modi-
fier comprises:

a data converter converting the three-color image signals

into the four-color image signals; and

a data selector for selecting one of the three-color image

signals and the four-color image signals based on a
predetermined condition.

21. The device of claim 20, wherein the selection of the
data selector is based on difference between current image
signals and previous image signals.

22. The device of claim 21, wherein the four-color image
signals are selected when the difference between the current
image signals and the previous image signals is larger than a
predetermined value and the three-color image signals are
selected when the difference between the current image sig-
nals and the previous image signals is equal to or smaller than
the predetermined value.

23. The device of claim 20, wherein the selection of the
data selector is based on a selection signal from an external
device.

24. The device of claim 23, wherein a state of the selection
signal is determined by a user.

25. The device of claim 24, wherein the state of the selec-
tion signal is determined by operation modes of the liquid
crystal display and the operation modes include a normal
mode and a TV mode.

26. The device of claim 20, wherein the data selector
selects both a group of the three-color image signals and a
group of the four-color image signals.

27. The device of claim 26, wherein the liquid crystal
display has a PIP (picture-in-picture) function and the
selected part of the four-color images signals corresponds to
the pixels displaying the PIP.

28. The device of claim 20, wherein the four-color image
signals are selected when a supply voltage provided for the
liquid crystal display is a DC voltage and the three-color
image signals are selected when the supply voltage provided
for the liquid crystal display is an AC voltage.

29. The device of claim 20, wherein the image signal modi-
fier further comprises a data optimizer optimizing the four-
color image signals from the data converter based on a char-
acteristic of the liquid crystal display and provides the
optimized four-color image signals for the data selector.
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30. The device of claim 29, wherein the data selector com-
prises a multiplexer selecting one of the three -color image
signals and the four-color image signals based on a selection
signal.

31. The device of claim 30, wherein the image signal modi-
fier further comprises a delay unit delaying the three-color
image signals for a predetermined time and supplying the
delayed three-color image signals to the multiplexer.

32. The device of claim 31, wherein the predetermined
time is substantially equal to a time for the three-color image
signals to reach the multiplexer through the data converter
and the data optimizer.

33. (canceled)

34. A method of driving a four color liquid crystal display
including a plurality of gate lines, a plurality of data lines, and
a plurality of red, green, blue, and white pixels arranged in a
matrix, the method comprising:

converting three-color image signals into four-color image

signals;

selecting one of the three-color image signals and the four-

color image signals;
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converting the selected image signals into data voltages;

applying a gate voltage to the gate lines; and

applying the data voltages into the data lines.

35. The method of claim 34, further comprising:

optimizing the four-color image signals before the signal
selection; and

delaying the three-color image signals for a predetermined
time before the signal selection.

36. A display device comprising:

a plurality of pixels having color pixels and a white pixel,
each pixel including a pixel electrode and a switching
element; and

a black matrix enclosing the color pixels and the white
pixels,

wherein at least one portion of the black matrix enclosing
the white pixel is wider than other portions of the black
matrix enclosing the color pixels.

37. The display device of claim 36, wherein the color pixels

include red, green, and blue pixels.

LI I T
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