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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
175035, filed Aug. 29, 2014, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display.

BACKGROUND

[0003] In aliquid crystal display device of color display, a
plurality of pixels are arranged in a first direction (X direc-
tion) and a second direction (Y direction). The first direction
(X direction) intersects the second direction (Y direction).
Each pixel comprises a color filter and operates as a red pixel
(R), a green pixel (G) or a blue pixel (B).

[0004] In recent years, a technique of improving display
luminance of a liquid crystal display has been proposed. As an
example, a red pixel (R), a green pixel (G), a blue pixel (B)
and a white pixel (W) are arranged in a predetermined order
along the first direction, and this one set constitutes one
composite color unit pixel. A white pixel (W) has a higher
efficiency of use of light as compared to a red pixel (R), a
green pixel () or a blue pixel (B), and the transmissivity of is
about three times that a red pixel (R), a green pixel (G), and a
blue pixel (B). Therefore, if a white pixel (W) is used in a
composite color unit pixel, the brightness of the display
device can be raised.

[0005] Liquid crystal display devices employ a liquid crys-
tal drive mode in order to improve the liquid-crystal drive
efficiency. More specifically, pixel columns of each adjacent
pair are driven by drive voltage of different polarities, and the
polarity is inverted from one frame to another. This drive
mode is sometimes called a column inversion driving mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1 is a diagram briefly showing a structure of a
liquid crystal display panel LPN which is a part of a display
device of this embodiment, and an equivalent circuit thereof.
[0007] FIG. 2 is a diagram showing an example of color
filters arranged on the pixels PX.

[0008] FIG. 3 is a diagram showing another example of the
colored filter to be compared with the color filter of FIG. 2.
[0009] FIG. 4 is a diagram showing a more detailed struc-
ture of columns COL3, COL4, COL5 and COL6 of the com-
posite color unit pixels shown in FIG. 2.

[0010] FIG. 5A is an extracted diagram of a section 111
enclosed with a square in FIG. 4.

[0011] FIG. 5B is a schematic diagram showing a cross-
section of the device taken along line A-B in FIG. 5A.

[0012] FIG. 6 is a more detailed diagram showing the sec-
tion of FIG. 5B.

[0013] FIG. 7 is a diagram showing another embodiment.

[0014] FIG. 8 is a schematic diagram illustrating a column

inversion driving mode.
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DETAILED DESCRIPTION

[0015] Various embodiments will be described hereinafter
with reference to the accompanying drawings.

[0016] As aliquid crystal driving mode, the column inver-
sion driving mode is effective when the composite color unit
pixels of a liquid crystal display are formed three color pixels
of ared pixel (R), a green pixel (G) and a blue pixel (B). But
when the composite color unit pixel is formed of four color
pixels of a white pixel (W), a red pixel (R), a green pixel (G),
and a blue pixel (B), the polarity inversion in the color pixels
may not be carried out properly by the conventional column
inversion driving mode. For example, let us suppose the case
where the first and second blue pixels (B) are arranged in
different columns and pixel signals supplied to these pixels
are of the same level. In this case, the voltage polarity of the
pixel signals supplied to the first and second blue pixels (B)
are not inverted between columns (column inversion) and
therefore, the voltages of the pixel signals are not balanced
(equalized). As a result, for example, the reference voltage of
the common electrode may be biased toward a positive or
negative side. The blue pixels (B) thus biased cause adverse
effect on the accurate color reproduction of an image.
[0017] Asasolution, according to this embodiment, there is
provided a liquid crystal display which can properly obtain
the effect of polarity-inversion driving of color pixels, thus
enabling to improve the color reproduction performance
power.

[0018] In the display device of this embodiment, a set of
three columns, namely, a first column of red (first color)
pixels, a second column of green (second color) pixels and a
third column of blue (third color) pixels and white (fourth
color) pixels alternately arranged, is repeatedly provided in
the first direction, and a first set of a red (first color) pixel, a
green (second color) pixel and a blue (third color) pixel
arranged along the first direction, and a second set of a red
(first color) pixel, a green (second color) pixel and a white
(fourth color) pixel are each defined as a composite color unit
pixel. Further, odd-numbered and even-numbered gate lines
are provided for the arrangement of pixels to correspond to
the odd-numbered and even-numbered columns, respec-
tively.

[0019] Inthe composite color unit pixel located at the first
or second one along the first direction from a composite color
unit pixel to which a pixel of the third column belongs, such
a pattern is formed along the first direction that the pixels of
the third column are connected respectively to odd-numbered
gate lines and even-numbered gate lines, alternately.

[0020] Embodiments will be further described with refer-
ence to the drawings.

[0021] Note that throughout the drawings, structural mem-
bers which exhibit identical or similar functions are desig-
nated by the same referential symbols, and explanations
therefor will not be repeated.

[0022] FIG. 1 briefly shows a structure of a liquid crystal
display panel LPN which is a part of a display device of this
embodiment, together with an equivalent circuit thereof.
[0023] The display device comprises an active-matrix type
liquid crystal display panel LPN. The liquid crystal display
panel LPN comprises an array substrate AR as a first sub-
strate, a counter-substrate CT as a second substrate, opposing
the array substrate AR, and a liquid crystal layer LQ held
between the array substrate AR and the counter-substrate CT.
[0024] The liquid crystal display panel LPN comprises an
active area ACT (area enclosed by a dotted line in the figure)
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configured to display images. The active area ACT corre-
sponds to a region where the liquid crystal layer LQ is held
between the array substrate AR and the counter-substrate CT,
having, for example, a quadrangular shape, and comprises a
plurality of pixels PXs arranged in a matrix.

[0025] The array substrate AR comprises, in the active area
ACT, a plurality of gate lines G (G1 to Gn) extending along
the first direction X, and source lines

[0026] S (S1to Sm) extending along the second direction Y
which intersects the first direction X.

[0027] As shown in the right-hand side of the figure as a
typical example (region enclosed by an alternate long and
short dash line), each pixel PX comprises a switching element
SW electrically connected to a respective gate line G and a
respective source line S, a pixel electrode PE electrically
connected to the switching element SW (in each pixel PX), a
common electrode CE1 opposing the pixel electrode PE, etc.
According to the figure, there are apparently two common
electrodes present, but in reality, there is only one integrated
common electrode CE1. A storage capacitance CS is formed,
for example, between the common electrode CE1 and the
pixel electrode PE. On the other hand, the counter-substrate
CT is set to oppose the array substrate AR with the liquid
crystal layer LQ therebetween.

[0028] Each gate line Gis led outside of the active area ACT
and is connected to a first driving circuit GD. Each source line
S is led outside of the active area ACT and is connected to a
second driving circuit SD.

[0029] The first driving circuit GD and the second driving
circuit SD are, for example, at least partially formed on the
array substrate AR and are connected to a driving IC chip
(referred to as a liquid crystal driver in some cases) 2.
[0030] The second driving circuit SD is configured to out-
put pixel signals of different polarities to source lines of
columns adjacent to each other in order to realize the column-
inversion drive scheme.

[0031] The driving IC chip 2 includes a built-in controller
configured to control the first driving circuit GD and the
second driving circuit SD, and functions as a signal supply
source to supply signals required to drive the liquid crystal
display panel LPN.

[0032] In the example illustrated, the driving IC chip 2 is
mounted on the array substrate AR outside of the active area
ACT of the liquid crystal display panel LPN.

[0033] The common electrode CE1 extends over the
entirety of the active area ACT, and is formed in common to
a plurality of pixels PXs. The common electrode CF1 is led
outside of the active area ACT, and is connected to a power
supply module Vcom. The power supply module Veom is
formed on the array substrate AR, for example, outside of the
active area ACT, and is electrically connected to the common
electrode CE1. A constant common voltage is supplied to the
power supply module Vcom.

[0034] Color filters are arranged at a predetermined rule on
the pixels PXs. Each colored filter is formed on the counter-
substrate CT while opposing a pixel electrode with the liquid
crystal layer LQ therebetween.

[0035] FIG. 2 shows an example of the arrangement of
colored filters for the pixels PX. A pixel integrated with a
respective color filter will be hereinafter called a color pixel,
and those integrated with red, green, blue and white filters
will be called a red (first color) pixel (R), a green (second
color) pixel (G), a blue (third color) pixel (B) and a white
(fourth color) pixel (W), respectively.
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[0036] 1In this embodiment, a first column 11 of red (first
color) pixels, a second column 12 of green (second color)
pixels, and a third column 13a or 135 which occurs alter-
nately between blue (third color) pixel and white (fourth
color) pixel are repeatedly provided along the first direction.
Note that the third column is denoted by one of two types of
reference numerals, 13a and 135, in which a blue pixel (B)
and a white pixel appear alternately, and in one type, blue
pixels (B) are provided in odd-numbered rows and white
pixels (W) are provided in even-numbered rows, whereas in
the other type, white pixels (W) are provided in odd-num-
bered rows and blue pixels (B) are provided in even-num-
bered rows as the arrangement rule.

[0037] Further, in this embodiment, a set of the red pixel
(R), green pixel (G) and blue pixel (B) and a set of the red
pixel (R), a green pixel (G) and a white pixel (W), arranged
along the first direction, are each define as a composite color
unit pixel. In the figure, columns of composite color unit
pixels are designated by reference signs, COL1, COL2,
COL3, COLY, . . . . The columns COL1, COL2, COL3,
COL4, ..., of the composite color unit pixels each include the
first column 11, the second column 12 and the third column
13a (or 135).

[0038] Next, gate lines G1, G2, G3, (4, . . ., are provided
along the first direction to correspond to the respective rows
of pixels.

[0039] Let us focus here on the pixels of the third column.
The pixels of the third column are connected to odd-num-
bered gate lines and even-numbered gate lines alternately
every two composite color unit pixels. That is, in the example
of FIG. 2, the pixels of the third column are white pixels (W)
or blue pixels (B). Here, let us focus on, for example, the
white pixels (W) in the first row. In column COL1 of the
composite color unit pixels, its white pixel (W) is connected
to the gate line G2, but, skipping the next column, column
COL2, in column COL3 of the composite color unit pixels, its
white pixel (W) is connected to the gate line G1. Further,
skipping the column COL4, in column COLS of the compos-
ite color unit pixels, its white pixel (W) is connected to the
gate line G2. To summarize, every two composite color umt
pixels, the pixels of the third column are connected to odd-
numbered gate lines and even-numbered gate lines, alter-
nately.

[0040] Similarly, in terms of blue pixels (B) of the third
column along the first direction, the blue pixels

[0041] (B) are connected alternately to the odd-numbered
gate lines and the even-numbered gate lines every two com-
posite color unit pixels as in the case of the white pixels (W).
[0042] The display device configured as above exhibits the
following advantageous effect. Let us suppose now that pixel
signals of the same potential are written (input) to the pixels
except the following.

[0043] That is, let us suppose that, for example, when pixel
signals are written in pixels of one row, those of odd-num-
bered columns are supplied with pixel signals ofa potential of
a negative direction with respect to the common potential of
the common electrode, whereas those of even-numbered col-
umns are supplied with pixel signals of a potential of a posi-
tive direction.

[0044] Here, the write-in process of a pixel signal to, for
example, red pixels (R) will be focused. When, for example,
the gate line G1 is on, in terms of the first direction, a pixel
signal (negative potential) is written in the red pixels (R) of
columns COL1, COL3, COLS, .. ., and a pixel signal (posi-
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tive potential) is written in the red pixels (R) of column
COL2,COL4,COLS, .. . . Therefore, along the first direction,
the polarities of the red pixels (R) regularly flip as +, -, +, -,
.... Inthis manner, the polar balance of the common electrode
for the red color is not biased to one of polarity. In other
words, in the write-in processing of a pixel signal to the red
pixels, the potential of the common electrode is not biased to
the positive or negative direction.

[0045] The above is also the same as the case for the write-
in processing of a pixel signal to green pixels (G). More
specifically, in terms of the first direction, for example, when
the gate line G1 is on, a pixel signal (positive potential) is
written in the green pixels (G) of column COL1, COL3,
COLS, . . ., whereas a pixel signal (negative potential) is
written in the green pixels (G) of columns COL2, COLA4,
COLe, .. ..

[0046] Thus, in the green pixels (G) along the first direc-
tion, the polarity flips regularly as +, -, +, -, . . .. In this
manner, the polar balance of the common electrode for the
green pixels (G) is not biased to one of polarity. In other
words, in the write-in processing of a pixel signal for the
green color, the potential of the common electrode is not
biased to the positive or negative direction.

[0047] Next, the write-in processing of a pixel signal to
blue pixels (B) will now be focused. For example, in terms of
the first direction, when the gate line G2 is on, a pixel signal
(positive potential) is written in the blue pixels (B) of columns
COL2, COL6, COL10 (not shown), . . ., whereas a pixel
signal (negative potential) is written in the blue pixels (B) of
columns COL3, COL7 (not shown), COL11 (not shown), . ..

[0048] Here, as to the polarities of the pixel signals written
in the blue pixels (B), the positive and negative polarities are
equalized. Therefore, in the blue pixels (B) along the first
direction, the polarity flips regularly as +, -, +, -, . . . (see
arrows al, a2, a3, .. ., for example). In this manner, the polar
balance of the common electrode for the blue pixels (B) is not
biased to one of polarity.

[0049] The above is also the same as the case for the write-
in processing of a pixel signal to white pixels (W). More
specifically, in terms of the first direction, for example, when
the gate line G2 is on, a pixel signal (positive potential) is
written in the white pixels (W) of column COL4, and a pixel
signal (negative potential) is written in the white pixels (W) of
column COLS. Here, as to the polarities of the pixel signals
written in the white pixels (W), the positive and negative
polarities are equalized (see arrows a5 and a6).

[0050] FIG. 3 shows the connection between the pixels and
gate lines when such measures as shown in FIG. 2 are not
taken. In such connection, the connection between the gate
lines and the red pixels (R) or green pixels (G) is the same as
that of the example shown in FIG. 2 and therefore the polar
balance of the common electrode is the same as that of the
example of FIG. 2. Therefore, an explanation therefor is
omitted.

[0051] Butin this connection, in terms of the first direction,
for example, when the gate line G1 is on, a pixel signal of a
potential of a positive side with respect to that of the common
electrode is written in the blue pixels (B) of columns COL2,
COLA, and COL6. Here, when the gate line G1 is on, in terms
of the first direction, there is no pixel signal of a negative
potential written for the blue color. Therefore, in the case of
the structure of FIG. 3, the polar balance of the common
electrode for the blue color is biased toward the polarity of the
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positive side. Further, as to the blue pixels (B) connected to
the gate line G2, the polar balance of the common electrode
for the blue color is biased toward the polarity of the negative
side.

[0052] Inthe structure of F1G. 3, a similar view to thatofthe
blue pixels (B) discussed above can be applied to the case of
white pixels (W). That is, the polarity of the common elec-
trode for the white color is biased.

[0053] In contrast, in the case of the structure discussed
with reference to FIG. 2, the reference potential of the com-
mon electrode is stable for each of the color pixels (R), (G),
(B) and (W).

[0054] FIG. 4 shows a more detailed structure of columns
COL3, COLA4, COLS5 and COLG6 of the composite color umt
pixels shown in FIG. 2. As compared with FIG. 2, FIG. 4
further illustrates the structure of each pixel electrode and
source lines 87 to S18. Also, FIG. 4 briefly shows pixel
electrodes and the connections between source lines and gate
lines of the respective pixel electrodes.

[0055] A pixel electrode is connected to a respective source
line by a respective switching element formed in the connec-
tion portion. The switching element is on/off-controlled by a
control signal from the gate line. The structure of the connec-
tion portion will be described later with reference to FIG. 5A
and FIG. 5B.

[0056] As shown in FIG. 4, in this embodiment, for the
composite colorunit pixels, four types of color pixels of white
pixel (W), red pixel (R), green pixel (G) and blue pixel (B) are
used. But ifa set of four color pixels of a white pixel (W), ared
pixel (R), a green pixel (G) and a blue pixel (B) are simply
arranged along the first direction is defined as one composite
color unit pixel, the pitch of arrangement of the composite
color unit pixels becomes large, thus degrading the resolu-
tion. To avoid this, in this embodiment, the composite color
unit pixels of columns COL1, COL2, COL3,COLA4, . .., are
arranged in a basic unit of three-color pixels, respectively, in
the first column 11, the second column 12 and the third
column 13a (or 135), as shown in FIG. 2 described. With this
arrangement, the degradation of resolution is suppressed.
[0057] Further, in this embodiment, in the sequence of
composite color unit pixels in the first direction, a set of a red
pixel (R), a green pixel (G) and a white pixel (W) and a set of
a red pixel (R), a green pixel (G) and a blue pixel (B) are
repeatedly provided alternately. Let us suppose here that, for
example, composite color unit pixels of two rows ((3x2)
pixels) are combined. A set of a red pixel (R), a green pixel
(G) and a white pixel (W) and a set of a red pixel (R), a green
pixel (G) and a blue pixel (B) are provided.

[0058] Thus, in this embodiment, a two-dimensional array,
(3%2), of six color unit pixels (two red pixels (R), two green
pixels (G), one blue pixel (B) and one white pixel (W)) are
combined as needed to devise color reproduction. That is, in
order to make it easier to balance in brightness between the
colors, the above-structure is designed so that the area of two
red pixels (R), the area of two green pixels (G), and the area
of one blue pixel (B) become equal. Therefore, with this
structure, it is not necessary to concern the unbalance of the
color filter areas in the signal-processing method for perform-
ing color reproduction based on red pixels (R), green pixels
(G) and blue pixels (B). Here, as for the signal supplied to
white pixels (W), the gain is set according to the object of
adjustment in luminance and lightness.

[0059] It is designed that the area of one blue pixel (B) is
substantially equally to a total area of two red pixels (R)
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(=total area of two green pixels (G)) described above. There-
fore, in terms of the first direction, as compared to a width w1
of ared pixel (R) and a green pixel (G), a width w2 of a white
pixel (W) and a blue pixel (B) is greater. Note that widths w3
of gaps between adjacent pairs of gate lines along the first
direction are the same as each other.

[0060] FIG. 4 briefly shows the connections between pix-
els, gate lines and source lines. The connection portions will
now be described in detail.

[0061] FIG. 5A and FIG. 5B are each an extracted diagram
showing a portion 111 enclosed by a quadrangle shown in
FIG. 4. FIG. 5A is an enlarged view showing a neighborhood
of source lines S14, S15 and S16 and gate line G2.F1G. 5B is
aschematic cross section of the device of F1G. 5A takenalong
line A-B. That is, the region of the white pixel (W) connected
to the gate line G2 will be described in detail.

[0062] In this embodiment, a fringe field switching (FFS)
system is employed, in which pixel electrodes are each
formed to include a slit and the liquid crystal molecules are
driven between pixel electrodes and a common electrode.
[0063] The source line S15 is located between an insulating
layer 12 and an insulating layer 13. Beneath the source line
S1, a semiconductor layer SC is formed via the insulating
layers 12 and 11 therebetween. A source electrode WS con-
nected to a part of the source line S15 is connected to a source
of the semiconductor layer SC through a contact hole CH1.
The semiconductor layer SC extends over beneath the source
line S15, passes over beneath the gate line G2 and enters the
region of the white pixel (W). The portion of the semicon-
ductor layer SC which enters the region of the white pixel (W)
is used as a drain.

[0064] The gate line G2 is located between the insulating
layer 11 and the insulating layer 12 beneath the layer of the
source line S15. A portion of the gate line G2 projects to the
pixel formation region, and this portion is denoted by refer-
ence G2' in the figure.

[0065] The drain of the semiconductor layer SC is con-
nected to a drain electrode WD through a contact hole CH2
made through the insulating layers 11 and 12. Further, the
drain electrode WD is connected to the pixel electrode PE
through a contact hole CH3 made through an insulating layer
13, a common electrode CE1 and an insulating layer 14. Note
that the common electrode CE1 shown in FIG. 5B is not
illustrated in FIG. 5A.

[0066] The pixel electrode and the source line of the green
pixel (G) located between the source line S14 and the source
line S15 are connected as shown in FIG. 5A, which will now
be described.

[0067] The source electrode of the switching element is
connected to the source line through a first contact hole, and
the drain electrode of the switching element is connected to
the pixel electrode through a second contact hole. Here, the
first contact hole formed in the source line S14 and the second
contact hole beneath the pixel electrode are located in rows
adjacent to each other.

[0068] Similarly, the pixel electrode and the source line of
the white pixel (W) located between the source line S15 and
the source line S16 are connected as described in the follow-
ing.

[0069] The source electrode of the switching element SC is
connected to the source line S15 through the first contact hole
CH1, and the drain electrode of the switching element SC is
connected to the pixel electrode PE through the second con-
tact hole CH2. Here, the first contact hole formed in the
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source line S15 and the second contact hole beneath the pixel
electrode PE are located in rows adjacent to each other.
[0070] With the above-described arrangement, the contact
hole for connecting the source electrode of the switching
element to the source line and the contact hole for connecting
the drain electrode of the switching element to the pixel
electrode are located in different rows. In this manner, the
degree of overcrowding of contact holes can be reduced,
which enables to improve the reliability of the manufacture of
the devices.

[0071] Ifacontacthole for connecting the source electrode
of aswitching element to a respective source line is located in
the same column as that of a contact hole for connecting the
drain electrode of a switching element to a respective pixel
electrode, the density of contact holes becoming high. As a
result, such a necessity arises that the accuracy of the manu-
facture of the devices should be improved, and also the risk of
defective products being produced will become high. Accord-
ing to the designing of this embodiment, the degree of over-
crowding of contact holes can be reduced and thus the reli-
ability of the manufacture of the devices can be improved.
That is, the contact holes can be dispersed (overcrowding
being reduced), and the accuracy required for the manufac-
ture of the devices can be relaxed. Thus, the yield of manu-
facture of the devices can be improved.

[0072] Further, as can be understood from FIGS. 4, 5A and
5B, the pixel electrodes of a red pixel (R), a green pixel (G)
and a white pixel (W) are accommodated in area within in first
region defined by a source line and a gate line. But the pixel
electrode of a blue pixel (B) trespasses from the first region
defined by the source line and the gate line onto a second
region located in a next column by its contact hole portion for
connecting to the drain of the switching element. Therefore,
when distribution between a total area of a red pixel (R) and
a green pixel (G) and an area of a blue pixel (B) needs to be
designed, it is easy to adjust the area of the blue pixel (B).
[0073] FIG. 6 briefly shows a cross-sectional structure of a
surrounding of the connection portion including the switch-
ing element (SW) shown in FIGS. 5A and 5B.

[0074] The array substrate AR is formed from the first
insulating substrate 10 having light transmissivity, such as a
glass substrate and a resin substrate. The array substrate AR
comprises a switching element SW, a first common electrode
CEl, apixel electrode PE, a first insulating layer 11, a second
insulating layer 12, a third insulating layer 13, a fourth insu-
lating layer 14, a first perpendicular alignment film A1 and
the like. Note that the first perpendicular alignment film A1
may be a horizontal alignment film.

[0075] In the illustrated example, the switching element
SW is a top-gate thin film transistor. The switching element
SW comprises a semiconductor layer SC provided on the first
insulating substrate 10. Note that an undercoat layer, which is
an insulating layer, may be interposed between the first insu-
lating substrate 10 and the semiconductor layer SC.

[0076] The semiconductor layer SC is covered by the first
insulating layer 11. The firstinsulating layer 11 is located also
on the first insulating substrate 10. The first insulating layer
11 is formed of an inorganic material such as tetraethoxysi-
lane (TEOS).

[0077] Thegateelectrode WG of the switching element SW
is formed on the first insulating layer 11 and is located imme-
diately above the semiconductor layer SC. The gate electrode
WG is electrically connected to gate lines G2 and G2' (or
formed integrally with the gate lines) and is covered by the
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second insulating layer 12. The second insulating layer 12 is
located also on the first insulating layer 11. The second insu-
lating layer 12 is formed of an inorganic material such as
silicon nitride.

[0078] The source electrode WS and the drain electrode
WD of the switching element SW are formed on the second
insulating layer 12. Similarly, the source line S15 is formed
on the second insulating layer 12. The source electrode WS
illustrated in the figure is electrically connected to the source
line S15 (or formed integrally with the source line S15). The
source electrode WS and the drain electrode WD are in con-
tact with the semiconductor layer SC through the contact
holes CH1 and CH2 which penetrate the first insulating layer
11 and the second insulating layer 12, respectively. The
switching element SW is covered by the third insulating layer
13 with the source line S15. The third insulating layer 13 is
located also on the second insulating layer 12. The third
insulating layer 13 is formed of a transparent resin material,
for example.

[0079] The common electrode CE1 extends on the third
insulating layer 13. As shown, the common electrode CE1
covers the source line S15 from above, and extends towards
an adjacent pixel. The common electrode CE1 is formed of a
transparent conductive material such as indium tin oxide
(ITO) or indium zinc oxide (IZ0).

[0080] The fourth insulating layer 14 is provided on the
common electrode CE1.

[0081] A contact hole CH3 is formed in the third insulating
layer 13 and the fourth insulating layer 14 so as to penetrate
even to thedrain electrode WD. The fourth insulating layer 14
is formed thinner as compared to that of the third insulating
layer 13 and is formed of an inorganic material such as silicon
nitride. The fourth insulating layer 14 is equivalent to an
interlayer insulation film which covers the common electrode
CE1.

[0082] Thepixel electrode PE having a slit is formed on the
fourth insulating layer 14 such as to oppose the first common
electrode CE1. The pixel electrode PE is electrically con-
nected to the drain electrode WD of the switching element
SW through the contact hole CH3. The pixel electrode PE is
formed of, for example, a transparent conductive material
such as ITO or IZO. The pixel electrode PE is covered by the
first perpendicular alignment film AL1.

[0083] On the other hand, the counter-substrate CT is
formed from the second insulating substrate 30 having light
transmissivity, such as a glass substrate or a resin substrate.
The counter-substrate CT comprises, on a side of the second
insulating substrate 30, which opposes the array substrate
AR, alight-shielding layer 31, a color filter 32, an overcoat
layer 33, a second perpendicular alignment film AL2 and the
like.

[0084] Thelight-shielding layer 31 partitions the pixels PX
in the active area ACT and forms an opening.

[0085] The light-shielding layer 31 is provided in the
boundary between color pixels or in a position which opposes
the source line formed on the array substrate AR. The light-
shielding layer 31 is formed of a light-blocking metal mate-
rial or a black resin material.

[0086] The color filter 32 is formed on an aperture AP and
a part thereof overlaps the light-shielding layer 31. In the
example shown here, the color filter 32 is, for example, white
and formed of a color-free resin material. In the case of a red
filter, a resin material colored red is used. Similarly, in the
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case of a green filter, a resin material colored green is used,
and for a blue filter, a resin material colored blue is used.
[0087] The red filter is provided on a red pixel (R) which
displays red, the green filter is provided on a green pixel (G)
which displays green, and the blue filter is provided on a blue
pixel (B) which displays blue. Further, a white (or transpar-
ent) filter is provided on a white pixel (W) which displays
white. Note that a color filter may not be provided for a white
pixel (W). Moreover, the white filter may not be an absolutely
colorless filter, but may be a pale color filter (for example, in
thin yellow). The boundary between color filters of different
colors is located in a position which overlaps with the light-
shielding layer above the respective source line.

[0088] The overcoat layer 33 covers the color filter 32. The
overcoat layer 33 planarizes surface roughness of the light-
shielding layer 31 or the color filter 32.

[0089] The overcoat layer 33 is formed of a transparent
resin material. The overcoat layer 33 is used as a base and
covered with the second perpendicular alignment film AL2.
[0090] The first perpendicular alignment film AL1 and the
second perpendicular alignment film AL2 are each formed of
amaterial which exhibits perpendicular alignment properties,
and have the alignment regulating power to align liquid crys-
tal molecules in a normal direction to the substrate without
requiring an alignment process such as rubbing.

[0091] The array substrate AR and the counter-substrate
CT described above are arranged so that the first perpendicu-
lar alignment film AL1 and the second perpendicular align-
ment film AL2 face each other. Between the array substrate
AR and the counter-substrate CT, a predetermined cell gap is
formed of a pillar-shaped spacer formed on one of the sub-
strates. The array substrate AR and the counter-substrate CT
are attached together with a sealing material while the cell gap
being formed therebetween. The liquid crystal layer LQ is
filled in the cell gap between the first perpendicular alignment
film AL1 and the second perpendicular alignment film AL2.
[0092] A backlight BL is provided on a back side of the
liquid crystal display panel with the above-described struc-
ture. As the backlight BL, various types are applicable, but an
explanation on the detailed structure thereof is omitted.
[0093] On an external surface of the first insulating sub-
strate 10, a first optical element comprising a first polarizer
PL1 is provided. On an external surface of the second insu-
lating substrate 30, a second optical element comprising a
second polarizer PL2 is provided. The first polarizing plate
PL1 and the second polarizing plate PL2 are arranged, for
example, in a crossed-Nicol positional relationship in which
the polarization axes are perpendicular to each other.

[0094] Inthe above-described embodiment, the first set ofa
red (first color) pixel, a green (second color) pixel and a blue
(third color) pixel, and the second set of a red (first color)
pixel, a green (second color) pixel and a white pixel are each
defined as a composite color unit pixel. In this display device,
odd-numbered gate lines and even-numbered gate lines are
arranged for composite color unit pixels arranged in odd-
numbered rows and even-numbered rows, respectively. Here,
the above-described blue (third color) pixels and the white
(fourth color) pixels are connected alternately to the odd-
numbered gate lines and even-numbered gate lines every
other composite color unit pixel. That is, such a pattern is
formed along the first direction that the pixels of the same
color in the third column (for example, blue or white) are
connected to the respective gate lines. In the composite color
unit pixel (COLS) located at the first or second one along the
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first direction from a composite color unit pixel (COLI) to
which a pixel of the third column belongs, odd-numbered
gate lines and even-numbered gate lines are alternately
selected to connection for third pixel or forth pixel.

[0095] The embodiment is not limited to that described
above. FIG. 7 shows another embodiment.

[0096] Withreferenceto FIG. 7, the arrangement pattern of
the color pixels will now be described. Three columns com-
prising the first column of red pixels (R), the second column
of green pixels (G) and the third column of blue pixels (B) and
white pixel (W) alternately disposed are provided repeatedly
along the first direction. In this embodiment as well, the first
set of the red pixel (R), green pixel (G) and blue pixel (B)
arranged along the first direction, and the second set of the red
pixel (R), green pixel (G) and a white pixel (W) are each
defined as a composite color unit pixel. Further, for the pixels
of the odd-numbered rows and even-numbered rows, the odd-
numbered gate lines and even-numbered gate lines are
arranged to correspond to the respective pixels.

[0097] Here, such a pattern is formed along the first direc-
tion that those pixels in the third column, that are adjacent to
each other along the first direction (the blue pixel (B) and
white pixel (W)) are connected to the respective gate lines. In
this pattern, these pixels are connected alternately to odd-
numbered gate lines and even-numbered gate lines.

[0098] At the sixth column of the first row, the blue pixel
(B) of the column COL2 of the composite color pixels is
connected to an odd-numbered gate line (n). The white pixel
(W) next to this, which is in the column COL3 of the com-
posite color pixels, is connected to an even-numbered gate
line (n+1). Furthermore, the blue pixel (B) next to this, which
is in the column COL4 of the composite color pixels, is
connected to the odd-numbered gate line (n). Then, the white
pixel (W) next to this, which is in the column COLS5 of the
next composite color pixels, is connected to the even-num-
bered gate line (n+1).

[0099] The display device with the above-described struc-
ture can exhibit the following advantageous effects. That is,
let us suppose that pixel signals of the same potential are
written in all of the pixels.

[0100] In the above-described arrangement pattern of the
pixels, a pixel signal is assumed to be written in the pixels of,
for example, a gate line (n+1). In this case, when the polarities
ofthe red pixels (R), green pixels (G) and white pixels (W) are
totalized, the positive and negative polarities of the pixel
signals are equalized and the polarity is not biased toward
positive or negative. Thus, a stable reference potential can be
maintained for the common electrode as well.

[0101] Moreover, let us suppose, for example, that a pixel
signal is written in the pixels of a gate line (n+2). In this case,
for each of the red pixels (R), green pixels (G) and blue pixels
(B), the positive and negative polarities of the pixel signals are
equalized and the polarity is not biased toward positive or
negative.

[0102] FIG. 8 shows in simplified form an example of the
column-inversion drive scheme. The second driving circuit
SD accommodate inside a plurality of circuits configured to
convert digital pixel data to analog signals to be supplied to
each pixel, amplify the analog pixel signals and to output the
signals to the source lines. The figure shows, as a typical
example, source lines Sm-(n—4) to Sm-(n-1). The figure
also shows digital-to-analog converters DAC1-DAC4 config-
ured to output pixel signals to the source line Sm—(n-4) to
Sm-(n-1), respectively. The output pixel signals of the digi-
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tal-to-analog converters DAC1 to DAC4 are produced in the
forms of positive-polarity pixel signals and negative-polarity
pixel signals. One of the positive-polarity and negative-po-
larity pixel signals of the digital-to-analog converter DAC1 is
selected by a switch SLL1 and output to the source line Sm-
(n-4). Similarly, one of the positive-polarity and negative-
polarity pixel signals of the digital-to-analog converter DAC2
is selected by a switch SL2 and output to the source line
Sm~(n-3). Further, one of the positive-polarity and negative-
polarity pixel signals of the digital-to-analog converter DAC3
is selected by a switch SL3 and output to the source line
Sm~-(n-2). Furthermore, one of the positive-polarity and
negative-polarity pixel signals of the digital-analog converter
DACA is selected by a switch SL4 and output to the source
line Sm—-(n-1).

[0103] Here, by the selection mode of the switches SL1 to
SL4, the column polarity inversion is carried out.

[0104] Note that the embodiments provided above are
described in connection with the FFS mode, in which pixel
electrodes comprise slits and liquid crystal molecules are
driven between pixel electrodes and a common electrode.
But, the embodiments are not limited to such a drive mode,
and other systems, for example, in-plane switching (IPS)
mode may be employed.

[0105] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A liquid crystal display comprising:

three columns of a first column of first color pixels, a

second column of second color pixels and a third column
of third color pixels and fourth color pixels arranged
alternately, the three columns being repeatedly provided
along a first direction, a first group of a first color pixel,
asecond color pixel and a third color pixel along the first
direction, and a second set of a first color pixel, a second
color pixel and a fourth color pixel along the first direc-
tion being each defined as a composite color unit pixel;
and

gate lines comprising odd-numbered and even-numbered

gate lines, arranged to corresponds to color pixels of
odd-numbered rows and even-numbered rows,

wherein

in the composite color unit pixels located at the first or

second one along the first direction from composite
color unit pixels to which color pixels of the third col-
umns belongs, a connection pattern is designed that the
pixels of the third columns are connected to the odd-
numbered gate lines and the even-numbered gate lines,
alternately, along the first direction.

2. The liquid crystal display of claim 1, wherein the first
color pixel is a red pixel, the second color pixel is a green
pixel, the third color pixel is a blue pixel and the fourth color
pixel is a white pixel.

3. The liquid crystal display of claim 1, wherein the third
columns each comprise blue pixels and white pixels, and in
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second composite color unit pixels from the composite color
unit pixels to which the blue pixels belong along the first
direction, the blue pixels are connected to the odd-numbered
gate lines and the even-numbered gate lines, alternately,
along the first direction.

4. The liquid crystal display of claim 2, wherein the third
columns each comprise blue pixels and white pixels, and in
second composite color unit pixels along the first direction
from the composite color unit pixels to which the white pixels
belong, the white pixels are connected to the odd-numbered
gate lines and the even-numbered gate lines, alternately,
along the first direction.

5. The liquid crystal display of claim 2, wherein the third
columns each comprise blue pixels and white pixels, and in
first composite color unit pixels along the first direction from
the composite color unit pixels to which the blue and white
pixels belong, the blue and white pixels are connected to the
odd-numbered gate lines and the even-numbered gate lines,
alternately, along the first direction.

6. The liquid crystal display of claim 2, wherein a width of
the third column along the first direction is greater than that of
each of the first and second columns along the first direction.

7. The liquid crystal display of claim 2, wherein an area of
two red pixels or two green pixels is substantially equal to an
area of one blue pixel.

8. The liquid crystal display of claim 1, further comprising:

source lines arranged respectively between each pair of the

first column and the second column, the second column
and the third column, and the third column and the first
column;

switching elements each comprising a source electrode and

a drain electrode; and
pixel electrodes,
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wherein the source electrode of each switching element is
connected to a corresponding source line through a first
contact hole, and the drain electrode of the switching
device is connected to a corresponding pixel electrode
through a second contact hole, different from the first
contact hole, located below the corresponding pixel
electrode and in a next row.

9. The liquid crystal display of claim 1, wherein

the first color pixel is a red pixel, the second color pixel is
a green pixel, the third color pixel is a blue pixel and the
fourth color pixel is a white pixel, and

the pixel electrode of the red pixel, the pixel electrode of
the green pixel and the pixel electrode of the white pixel
have areas which can be accommodated in a first region
defined by respective source lines and respective gate
lines.

10. The liquid crystal display of claim 1, wherein

the first color pixel is a red pixel, the second color pixel is
a green pixel, the third color pixel is a blue pixel and the
fourth color pixel is a white pixel, and the pixel electrode
of the blue pixel include a connecting portion which
extends out from the first region defined by the respec-
tive source lines and the respective gate lines and enters
a second region in a next row to the first region, and

the pixel electrode of the blue pixel is connected to a
corresponding source line as a source electrode of a
switching element is connected to the corresponding
source line a first contact hole, and a drain electrode of
the switching device is connected to the connecting por-
tion through a second contact hole, different from the
first contact hole, located below the connecting portion
and in a next row.
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