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1
LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

The present invention relates to a liquid crystal display,
and, in particular, to a liquid crystal display performing an
inversion driving.

BACKGROUND ART

A typical liquid crystal display (‘L.CD’), which includes
two panels and a liquid crystal layer with dielectric anisotropy
disposed therebetween, displays desired images by adjusting
the strength of the electric field applied to the liquid crystal
layer to control the transmittance of light passing through the
panels. The LCD is a representative of flat panel displays
(‘FPDs’), and one of the LCDs using thin film transistors
(‘“TFTs’) as switching elements is widely used.

Meanwhile, in order to increase light efficiency of the
LCD, red, green, blue and white subpixel configuration (re-
ferred to as “four color subpixel configuration” hereinafter)
that further includes white subpixels in addition to red, green
and blue subpixels has been proposed.

In such a four color subpixel LCD, since the number of the
subpixels is even, the subpixels representing the same color
(referred to as ‘the same colored subpixels’ hereinafter)
appear by unit of even number in a row direction. Therefore,
a data driving integrated circuit (‘1C”) performing a conven-
tional Nx1 dot inversion that changes polarities of data volt-
ages each row cannot give the polarity inversion to the same
colored subpixels. That is, the same colored subpixels in a
row are always supplied with the data voltages with the same
polarity.

For example, when the red, green, blue and white subpixels
arearranged in a stripe, i.e., red, green, blue, white, red, green,
blue, white, . . . in a row direction, a 1x1 dot inversion gives
the polarities of +, -, +, —, +, -, +, —, and so on. For red
subpixels, the first one has the positive polarity; so has the
second.

DISCLOSURE OF INVENTION

Technical Problem

Accordingly, the employment of the conventional data
driving ICs to a four color LCD causes horizontal crosstalk
and line flicker. For solving these problems, the data driving
IC may be designed so that it may perform an inversion such
as a 2Nx2 inversion. However, even a trivial change of the
driving IC causes itself to be made new, and this brings
increased cost and reduced yield. Therefore, it is preferable to
use commercially available data driving ICs as they are.

Technical Solution

The present invention is directed to provide an LCD
capable of performing a polarity inversion for the same col-
ored subpixels without changing conventional data driving
1Cs.

A Tliquid crystal display is provided, which includes: a
plurality of switching elements arranged in a matrix; a plu-
rality of gate lines connected to the switching elements and
transmitting gate signals for turning on or off the switching
elements, and a plurality of data lines connected to the switch-
ing elements and transmitting data voltages, wherein at least
one of the switching elements is connected to the gate line
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2

positioned at different side or to the data line positioned at
different side in an identical row or an identical column.

A pair of switching elements adjacent above and below are
preferably connected to the gate lines therebetween or the
gate lines positioned at opposite side each other.

Meanwhile, a pair of switching elements adjacent above
and below include a first pair of switching elements con-
nected to the gate line therebetween and a second pair of
switching elements connected to the gate lines positioned at
opposite side each other. In this case, the first and the second
pair of switching elements are preferably adjacent each other
and the pair of switching elements may further include a third
pair of switching elements connected to the gate line posi-
tioned at the same side as and the data line positioned at
opposite side with the first pair of switching elements and a
four pair of switching elements connected to the gate line
positioned at the same side as and the data line positioned at
opposite side with the second pair of switching elements, and
the third and the fourth pair of switching elements are pref-
erably adjacent each other.

Furthermore, a first switching group comprising the first
and the second pair of switching elements and a second
switching group including the third and the fourth pair of
switching elements may be arranged regularly. In this case,
the first and the second switching element groups are prefer-
ably arranged regularly in a row direction and the first switch-
ing element group may be arranged repeatedly in a column
direction.

Meanwhile, the switching element may be a part of sub-
pixel displaying colors, and the subpixels including the
switching elements belonging to the first and the second
switching groups may display three primary colors and a
white color, respectively.

Furthermore, the switching element is a part of subpixel
displaying colors, and the subpixels in the same column may
display the same color. In this case, the subpixels may display
three primary colors, or the subpixels may display three pri-
mary colors and a white color.

Meanwhile, the liquid crystal display may further include a
data driver applying the data voltage via the data line and
performing an Nx1 (N is a natural number) dot inversion or a
column inversion.

The switching element is a part of subpixel displaying three
primary colors and a white color, and the subpixels in the
same column preferably display the same color

In this case, the four adjacent subpixels respectively dis-
playing three primary colors and a white color may form a
pixel; the switching elements belonging to the subpixel are
preferably all connected to the data lines positioned at the
same side; the switching elements belonging to the subpixels
of two pixels adjacent in a row direction are preferably con-
nected to the different gate lines, and the switching elements
belonging to the subpixel of two pixels adjacent in a column
direction are preferably connected to the gate lines positioned
at the same side. Furthermore, the liquid crystal display may
further include a data driver applying the data voltages via the
data lines and performing a 1x1 dot inversion.

Meanwhile, four adjacent subpixels respectively display-
ing three primary colors and a white color may form a pixel;
the pixel may includes a first and a second pixels adjacent in
a row direction; the switching elements belonging to the
subpixels of the first pixel and the switching elements belong-
ing to the subpixels of the second pixel are preferably con-
nected to the data lines positioned at opposite side each other,
and the switching elements belonging to two subpixels of the
subpixels of the first pixel are preferably connected to the gate
lines positioned at opposite side each other.
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In this case, the switching elements belonging to the sub-
pixels of the second pixel are preferably all connected to the
same gate line, and the switching elements belonging to the
subpixels of the respective pixels are preferably connected to
the data lines positioned at the same side.

Furthermore, the liquid crystal display may further include
a data driver applying the data voltages via the data lines and
performing a column inversion.

Advantages Effects

The pixel arrangement rule of the present invention enables
any inversion including an Nx1 apparent inversion to be
implemented for a four color LCD and a three color LCD
using a conventional data driver performing N1 inversion.

DESCRIPTION OF DRAWINGS

The present invention will become more apparent by
describing preferred embodiments thereof in detail with ref-
erence to the accompanying drawings in which:

FIG. 1 is a block diagram of an LCD according to an
embodiment of the present invention;

FIG. 2 is an equivalent circuit diagram of a subpixel of an
LCD according to an embodiment of the present invention;

FIGS. 3 and 4 illustrate connecting positions of subpixels
in a striped arrangement for an LCD according to an embodi-
ment of the present invention;

FIG. 5 shows an exemplary striped subpixel arrangement
of an LCD according to an embodiment of the present inven-
tion;

FIGS. 6-9 illustrate connecting positions of subpixels in
striped arrangements for an LCD according to other embodi-
ments of the present invention;

FIGS. 10 and 11 show exemplary striped subpixel arrange-
ments according to other embodiments of the present inven-
tion;

FIG. 12 shows polarities of subpixels upon application of a
2x1 dot inversion to a pixel arrangement shown in FIG. 10;

FIGS. 13, 14A and 14B illustrate connecting positions in
mosaic arrangements for an LCD according to embodiments
of the present invention;

FIG. 15 shows an exemplary mosaic pixel arrangement
according to an embodiment of the present invention;

FIG. 16 illustrates connecting positions of subpixels in an
LCD of a mosaic pixel arrangement according to another
embodiment of the present invention;

FIG. 17 shows an exemplary pixel arrangement of a mosaic
arrangement for an LCD according to another embodiment of
the present invention;

FIG. 18 shows an exemplary pixel arrangement of a mosaic
arrangement for an LCD according to another embodiment of
the present invention; and

FIG. 19 shows an exemplary pixel arrangement of a three
color pixel arrangement for an LCD according to an embodi-
ment of the present invention.

BEST MODE

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

Now, LCDs according to embodiments of the present
invention will be described with reference to the drawings.
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4

FIG. 1 is a block diagram of an LCD according to an
embodiment of the present invention, and FIG. 2 is an equiva-
lent circuit diagram of a subpixel of an LCD according to an
embodiment of the present invention.

Referring to FIG. 1, an LCD according to an embodiment
of the present invention includes a LC panel assembly 300, a
gate driver 400 and a data driver 500 connected thereto, a gray
voltage generator 800 connected to the data driver 500, and a
signal controller 600 controlling the above-described ele-
ments.

The LC panel assembly 300, in a structural view shown in
FIG. 2, includes a lower panel 100, an upper panel 200, and a
liquid crystal (‘LC’) layer 3 interposed therebetween while it
includes a plurality of display signal lines G1-Gn and D1-Dm
and a plurality of subpixels that are connected thereto and
arranged substantially in a matrix in circuital view shown in
FIGS. 1 and 2.

The display signal lines G1-Gn and D1-Dm are provided
on the lower panel 100 and include a plurality of gate lines
G1-Gntransmitting gate signals (called scanning signals)and
aplurality of data lines D1-Dm transmitting data signals. The
gate lines G1-Gn extend substantially in a row direction and
they are substantially parallel to each other, while the data
lines D1-Dm extend substantially in a column direction and
they are substantially parallel to each other.

Each subpixel includes a switching element Q connected to
the display signal lines G1-Gn and D1-Dm, and an LC capaci-
tor C, ~ and a storage capacitor Cq that are connected to the
switching element Q. The storage capacitor C,may be omit-
ted if unnecessary.

The switching element Q such as a TFT is provided on the
lower panel 100 and has three terminals: a control terminal
connected to one of the gate lines G1-Gn; an input terminal
connected to one of the data lines D1-Dm; and an output
terminal connected to the LC capacitor C, . and the storage
capacitor Csp.

The LC capacitor C, . includes a pixel electrode 190 pro-
vided on the lower panel 100, a common electrode 270 pro-
vided on the upper panel 200, and the LC layer 3 as a dielec-
tric 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 supplied with a common voltage Veom. Alternatively,
both the pixel electrode 190 and the common electrode 270,
which have shapes of bars or stripes, may be provided on the
lower panel 100.

The storage capacitor Cis 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 Veom. Alter-
natively, the storage capacitor C,includes the pixel electrode
190 and an adjacent gate line called a previous gate line,
which overlaps the pixel electrode 190 via an insulator.

For color display, each subpixel 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
upper panel 200. Alternatively, the color filter 230 is provided
on or under the pixel electrode 190 on the lower panel 100.

The color of the color filter 230 is one of the primary colors
such as red, green blue, and white. Hereinafter, a subpixel is
referred to as red, greed, blue or white subpixel based on the
color represented by the subpixel. The white subpixel may
have no color filter.
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A pair of polarizers (not shown) polarizing the light are
attached on the outer surfaces of the panels 100 and 200 of the
panel assembly 300.

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 Vcom, while those in the
other set have a negative polarity with respect to the common
voltage Vcom.

The gate driver 400 is connected to the gate lines G1-Gn of
the panel assembly 300 and synthesizes the gate-on voltage
Von and the gate off voltage Voff to generate gate signals for
application to the gate lines G1-Gn.

The data driver 500 is connected to the data lines D1-Dm of
the panel assembly 300 and applies data voltages selected
from the gray voltages supplied from the gray voltage gen-
erator 800 to the data lines D1-Dm.

The signal controller 600 controls the drivers 400 and 500,

Now, the operation of the LCD will be described in detail.

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 synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a main
clock MCLK, and a data enable signal DE, from an external
graphics controller (not shown). The signal controller 600
converts the three-color image signals R, G and B into four-
color image signals R', G', B' and W and processes and modi-
fies the four-color image signals suitable for the operation of
the panel assembly 300 based on 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 signals CONT2 for controlling the processed and
modified image signals R', G', B' and W. The signal controller
600 provides the gate control signals CONT1 for the gate
driver 400, and the processed image signals R', G', B'and W
and the data control signals CONT2 for the data driver 500.

The gate control signals CONT1 include a vertical syn-
chronization start signal STV for instructing start of the appli-
cation of the gate-on voltage Von, a gate clock signal CPV for
controlling the output time of the gate-on voltage Von, and an
output enable signal OF for defining the duration of the gate-
on voltage Von. The data control 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 D1-Dm, 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.

The data driver 500 receives a packet of the image data R',
G', B'and W for a subpixel row from the signal controller 600
and converts the image data R', G', B' and W into the analog
data voltages selected from the gray voltages supplied from
the gray voltage generator 800 in response to the data control
signals CONT2 from the signal controller 600. The data
driver 500 then outputs the data voltages to the data lines
D1-Dm.

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 G1-Gn, thereby turning on the
switching elements Q connected thereto. The data voltages
applied to the data lines D, -D,, are supplied to the subpixels
through the activated switching elements Q.

The difference between the data voltage and the common
voltage Vcom applied to a subpixel 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 determine
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the polarization of light passing through the LC capacitor
C; - The polarizers convert the light polarization into the
light transmittance.

By repeating this procedure by a unit of the horizontal
period (which is indicated by 1H and equal to one petiod of
the horizontal synchronization signal Hsync, the data enable
signal DE, and a gate clock signal), all gate lines G1-Gn 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’).

Now, subpixel arrangements capable of implementing the
dot inversion for the same colored subpixels using a data
driving 1C performing a general Nx1 dot inversion including
a column inversion will be described in detail with reference
to F1GS. 3-19.

As described above, each subpixel is connected to a pair of
the gate line G1-Gn and the data line D1-Dm via the switch-
ing element Q. A subpixel connected to the i-th gate line Gi
and the j-th dataline Dj is indicated by (i, j) and a parity of the
number (i+j) is indicated by P(i+j). Two subpixels (i, j) and (k,
1) are considered.

Let us consider an inversion performed by the data driver
500, which is referred to as a driver inversion.

For a dot inversion in a narrow meaning, i.e., 1x1 dot
inversion, the polarities of the two subpixels are equal if
P(i+j)=P(k+1), and on the contrary, the their polarities are
opposite if

Plk+l)=P(i+]). (1)

For a column inversion, the polarities of the two subpixels

are equal regardless of i and j if P(i)=P(j), and on the contrary,
the their polarities are opposite if

P()=P(j). 2

For an Nxx1 (where N is a natural number equal to or more
than 2), let i=x1N+y1 and k=x2N+y2 where x1 and x2 are
integers and y1 and y2 are equalto 0, 1, 2, ..., (N-1). The
polarities of the two subpixels are equal if P(x1+j)=P(x2+l),
and, on the contrary, the their polarities are opposite if

P(x14)=P(x2+]). 3)

Inversions of four color subpixels arranged in a stripe and
in a mosaic will be described.

1. Striped Arrangement

F1GS. 3-6 show four color subpixel arrangements in
striped arrangements. Pixels, each including red, green, blue
and white subpixels adjacent in a row direction, are arranged
in a row and a column directions.

In these arrangements, assuming that a pair of subpixels
representing the same color in two pixels adjacent in a row
direction (which are referred to as ‘conjugate subpixels’ here-
inafter) are indicated by (i, j) and (k, 1), respectively. Consid-
ering that the numbers of the gate lines and the data lines
adjacent to and connected to each subpixel are two, respec-
tively,

k=i or k=i+1, and /=j+4 or I=(j+4)x1. 4)

The relation k=i means that the conjugate subpixels are
connected to the same gate line, and the relation k=i+1 means
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that they are connected to different gate lines. The relation
1=j+4 means that the conjugate subpixels are connected to the
same-sided data lines, and the relation 1=(j+4)x1 means that
they are connected to opposite -sided data lines.

Since the condition (k, 1)=(i, j+4) yields the conventional
arrangement, and therefore, it is impossible to obtain an
intended inversion with a conventional data driving IC, this
condition is excluded.

Accordingly, Relation 4 results in:

(k, D=(i, (j+4)=1) or (ix1, j+4) or (i=], (j+4)=1). (5)

F1G. 3 shows three connecting positions of conjugate sub-
pixels PX1 and PX1' satisfying Relation 5, which are repre-
sented as the numbers 1, 2 and 3. The position of each number
means that the subpixel is connected to a pair of a gate line and
a data line that are the closest to the position.

For the connecting position 1, since P(k+1)=P[i+(j+4)x1]=
P[(i4))£1]=P(i,)) and P(D=P[(j+4)x1]=P(j£1)=P(i,)), appar-
ent inversion for each color can be obtained for both the dot
inversion and the column inversion of the data driver 500.

For the connecting position 2, since P(k+1)=P[(ix1)+(j+
4)=P[(i+))=1]=P(i,)) and P()=P[(j+4)]=P(), apparent inver-
sion for each color can be obtained for the driver dot inver-
sion, but not for the driver column inversion.

For the connecting position 3, since P(k+)=P[(ix1)+{({j+
4)£1}1=P[(i+)£1]=P(i,j) and P()=P[(j+4)£1]=P(jx1)=P(i,)),
apparent inversion for all colors can be obtained for the driver
column inversion, but not for the driver dot inversion.

In other words, apparent inversion for each color can be
obtained when:

the conjugate subpixels are located at the connecting posi-
tions 1 and 2, that is, they satisfy

(k, D=0, (j+4)£1) or (i1, j+4) (6)

for the driver dot inversion; and

the conjugate subpixels are located at the connecting posi-
tion 1 and 3, that is, they satisfy

(k, D=0, (j+4)x1) or (i=1, (j+4)=1) 7N

for the driver column inversion.

Meanwhile, a simple pixel arrangement may be obtained
by alternately disposing two pixels having different inner
subpixel arrangements in a row direction. Two pixels adjacent
in a column direction may have the same inner subpixel
arrangement or different inner subpixel arrangements. Two
pixels having different inner subpixel arrangements include
conjugate subpixels and therefore, the two pixels are referred
to as ‘conjugate pixels’ hereinafter.

In the meantime, a primary rule is that a subpixel is
uniquely connected to a pair ofa data line and a gate line. This
means that a pair of a data line and a gate line is connected to
only one subpixel and a subpixel is connected to only one pair
of a data line and a gate line.

1.1. Single lnner Subpixel Arrangement in Column Direc-
tion

1n this case, two subpixels adjacent in a row direction are
not connected to the same data line.

For example, as shown in F1G. 4, when a left subpixel PX1
is connected to a right data line and a right subpixel PX2 is
connected to a left data line, the two subpixels PX1 and PX2
need be connected to different gate lines according to the
described primary rule (as indicated by connecting positions
1 and 2). Since, in this case, the inner subpixel arrangement in
the column direction is equal, a subpixel PX3 just above the
subpixel PX2 needs to be connected to a pair of a data line and
a gate line located at the same position as those connected to
the subpixel PX2 (as indicated by a connecting position 3),
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and a subpixel PX4 just below the subpixel PX1 needs to be
connected to a pair of a data line and a gate line located at the
same position as those connected to the subpixel PX1 (as
indicated by connecting position 4). Yet, the connecting posi-
tions 1 and 3, and 2 and 4 mean that two subpixels PX1 and
PX2, and PX2 and PX4 are connected to the same pairs of
gate lines and data lines, and thus it violates the described
primary rule. Therefore, two subpixels adjacent in a row need
to be connected to different data lines.

Since this rule covers all adjacent subpixels, consequently,
all the subpixels are connected to the data lines at the same
sides thereof.

The case that the same colored subpixels of the adjacent
pixels, i.e., the conjugate subpixels are connected to the same-
sided data lines exists only in the connecting position 2
among the connecting positions 1, 2 and 3 shown in F1G. 3,
and the driver dot inversion may be suitable for this case, but
not the driver column inversion. Furthermore, since the con-
necting position 2 covers all the pixels, a driver Nx1 inversion
cannot be applied.

To summarize:

1.1.1. All the subpixels are connected to the same-sided
data lines; and

1.1.2. Conjugate subpixels are connected to different gate
lines.

F1G. 5 shows such an exemplary subpixel arrangement. All
subpixels are connected to the same-sided data lines, and all
subpixels of odd pixels in each pixel row are connected to a
lower gate line and all subpixels of even pixels in each pixel
row are connected to an upper gate line.

Meanwhile, a connecting position of each subpixel in an
even pixel is determined based on a conjugate subpixel in an
odd pixel and vice versa. 1n addition, each subpixel of an odd
pixel is connected to either of upper and lower gate lines.
Accordingly, the total numbers of possible arrangements are
16 (=2%).

In these arrangements, the adjacent same-colored subpix-
els are subject to the dot inversion with respect to the common
electrode 270, and thus the horizontal crosstalk owing to the
common electrode 270 disappears.

1.2. Different Inner Subpixel Arrangements Alternating In
Column Direction

This is the case that two pixels having different inner sub-
pixel arrangements are adjacent in the column direction as
well as in the row direction.

For example, a pixel including subpixels PX1, PX2, PX3
and PX4 and a pixel including subpixels PX1', PX2', PX3'and
PX4' conjugate thereto are repeatedly arranged in the row
direction and in the column direction as shown in F1G. 6.

For example, when a connecting position of the subpixel
PX1 is indicated by X as shown in F1G. 7, the conjugate
subpixel PX1' thereunder has any one of three connecting
positions 1, 2 and 3 as can be seen from F1G. 3. However, the
connecting position 3 is excluded because it violates the
unique connection rule.

Consequently, the conjugate subpixels need to be con-
nected to different-sided data lines and this means that the
connecting positions 1 and 3 shown in F1G. 3 are available.

Yet, unless all subpixels in a row are connected to the
same-sided data lines, there are two adjacent subpixels PX5
and PX6 connected to the same-sided data lines as shown in
F1G. 8. Then, the two adjacent subpixels PX5 and PX6 need
to be connected to different gate lines. This requires for at
least one of the conjugate subpixel to be connected to differ-
ent gate lines and different data lines. That is, at least one
conjugate subpixel needs to have the connecting position 3
shown in F1G. 3, which will be described in detail.
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Assuming that all conjugate subpixels have the connecting
position 2 shown in F1G. 3 and two adjacent subpixels PX5
and PX6 are connected to the same data line as shown in F1G.
9. Then, the subpixels PX5, PX5', PX6 and PX6' have con-
necting positions indicated by X.

In this case, possible connecting positions of a subpixel
PX7are 1, 2 and 3 and corresponding connecting positions of
a subpixel PX7' conjugate thereto are 1", 2' and 3'. However,
since the connecting position 2' of the subpixel PX7' overlaps
that of the subpixel PX#', it is excluded. Thus, possible con-
necting positions of the subpixels PX7 and PX7" are 1 and 1'
or3and 3"

Likewise, possible connecting positions of a subpixel PX8
are 4, 5 and 6 and corresponding connecting positions of a
subpixel conjugate thereto are 4", 5' and 6'. Since the connect-
ing position 5' of the subpixel PX8' overlaps that of the con-
necting position of the subpixel PX5', it is excluded. Thus,
possible connecting positions of the subpixels PX8 and PX8'
are 4 and 4' or 6 and 6.

1f the subpixel PX7 has the connecting position 1, the
conjugate subpixel PX7'has the connecting position 1', which
overlaps the connecting position 4 of the subpixel PX8 and
further overlaps the connecting position 6' of the subpixel
PX8'. Thus, the connecting positions 1 and 1' of the subpixels
PX7 and PX7' are excluded.

Likewise, since the connecting position 3 of the subpixel
PX7 overlaps the connecting position 4 of the subpixel PX8
and the connecting position 6' of the subpixel PX8', the con-
necting positions 3 and 3' of the subpixels PX7 and PX7" are
excluded, too.

This makes no possible connecting position, and thus this
is not available.

As aresult, at least one conjugate subpixels have the con-
necting position 3 shown in F1G. 3. This means that the
conjugate subpixels having the connecting position 3 shown
in F1G. 3 cannot exhibit polarity inversion for a color if the
data driver 500 performs the dot inversion.

Therefore, the driver column inversion gives a color-based
polarity inversion for all subpixels, while the driver dot inver-
sion does not. Furthermore, since this covers every subpixels
ofall the rows, a driver Nx1 (N is a natural number equal to or
more than 2) inversion periodically changing the polarity is
not available.

To summarize:

1.2.1. Conjugate subpixels are connected to opposite-sided
data lines.

In case of the driver column inversion, the polarities of
adjacent subpixels in a pixel are opposite for all the pixel
rows, if all the subpixels in a pixel are connected to the
same-sided data lines.

1.2.2. All subpixels in a pixel are connected to the same-
sided data lines.

F1GS. 10 and 11 show such examples. Subpixels of adja-
cent pixels are connected to opposite-sided data lines, and all
subpixels in a pixel are connected to the same-sided data
lines. F1G. 10 shows an arrangement where subpixels except
for a white subpixel W of an even pixel in an odd row or of an
odd pixel in an even row are connected to a lower gate line,
and F1G. 11 shows an arrangement where subpixels except
for ared subpixel R of an odd pixel in an odd row or of an even
pixel in an even row are connected to an upper gate line.

Meanwhile, for an arrangement of the first pixel of two
adjacent pixels, each subpixel in the second pixel is selec-
tively connected to any one of upper and lower gate lines, and
the total number of possible arrangements is 16 (=2%). How-
ever. if a connecting position of one of the two adjacent
subpixels connected to the same-sided data line is deter-
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mined, that for the other is also determined according thereto.
For example, as shown in F1G. 10, a leftmost subpixel of an
odd pixel in an odd row is connected to the lower gate line Gj,
and thus a rightmost subpixel of an even pixel in the odd row
needs to be connected to upper gate line Gj-1. Therefore, the
actual number of possible arrangements is 8 (=2°). 1n addi-
tion, the subpixels in the first pixel can be selectively con-
nected to one of the upper and the lower gate lines, and thus
the total number of possible arrangements is 128
(=2*x2°=2"),

Meanwhile, a 2Mx1 (M=1, 2, . . .) driver inversion gives
most pixel conjugates except for some subpixel conjugates
the polarity inversion.

F1G. 12 shows an example of apparent inversion for a 2x1
driver inversion applied to the pixel arrangement shown in
F1G. 10. Subpixels except for white subpixels W in odd rows
exhibit the dot inversion, while all subpixels in even rows
exhibit the dot inversion. Concerning the inversion in the
column direction, the polarity is inverted every two rows.

In this arrangement, the conjugate subpixels in a pixel
column exhibit the dot inversion with respect to the common
electrode 270, and thus the horizontal crosstalk owing to the
common electrode 270 disappears.

Furthermore, the polarity of conjugate subpixels con-
nected to one gate line is inverted, and thus it is possible to
prevent the horizontal crosstalk owing to parasitic capaci-
tance of the gate lines. 1n case of the example shown in F1G.
5, since all the red subpixels R connected to the gate line Gj
have the negative polarity, the crosstalk owing to the parasitic
capacitance of the gate lines is not reduced but dispersed up
and down. However, the red subpixels R connected to the gate
line Gj shown in F1G. 10 alternately exhibit the positive and
negative polarities.

This arrangement is expected to reduce the power con-
sumption, which is a merit ofthe column inversion, and it also
prevents the horizontal crosstalk.

2. Mosaic Arrangement

F1GS. 13-18 show exemplary four color mosaic arrange-
ments.

The mosaic arrangement repeatedly arranges pixels, each
including red, green, blue and white subpixels arranged in a
2x2 matrix, in a row direction and a column direction.

Conjugate subpixels are indicated by (i, j) and (k, 1). Con-
sidering that the numbers of gate lines and data lines that are
adjacent to be connected to a subpixel are two, respectively,

k=i or k=iz1, and i=j+2 or I=(j+2)1 (8)

The relation (k, 1)=(1, j+2) is excluded as described above.

Since one pixel includes two subpixel rows in the mosaic
arrangement, a 2Nx!1 driver inversion is basically considered,
preferably, and a 2x1 driver inversion is assumed to be
applied in this embodiment.

Data voltages outputted from the data driver 500 when the
gate-on voltage Von is applied to odd gate lines and even gate
lines are called odd data voltages and even data voltages,
respectively. 1t is assumed that any odd data voltage and an
even data voltage following the odd data voltage have the
same polarity. Then, any even data voltage and an odd data
voltage following the even data voltage have different polari-
ties.

An odd subpixel row may be connected to a previous (even)
gate line or a corresponding odd gate line. Therefore, the odd
subpixel rows can be supplied with data voltages having
opposite polarities. Hence, the 2x1 inversion for the odd
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subpixel row can be considered to be the same as the dot
inversion. That is, the conjugate subpixels need to satisfy:

(k, D=(i£1, j+2) or (i, j+2+1).

This means that the conjugate subpixels are connected
either to different gate lines and the same-sided data lines, or
1o the same gate line and opposite-sided data lines.

On the contrary, an even subpixel row may be connected to
an odd gate line and an even gate line disposed next to the odd
gate line, and thus the conjugate subpixels satisfy:

I=j+2x1

like the column inversion. This means that the two conju-
gate subpixels are connected to the opposite-sided data lines.

FIG. 13 shows such an example. In this case, a position 1 or
2 is given to a subpixel conjugate to a subpixel of an odd
subpixel row, and, a position 3 or 4 is given to a subpixel
conjugate to a subpixel in an even subpixel row.

A subpixel row may be either an odd subpixel row or an
even subpixel row. Therefore, both the driver dot inversion in
a narrow meaning and the driver column inversion need to
give a color-based polarity inversion for all subpixels, and in
this case, a subpixel arrangement satisfies:

(&, D=1, j+2+1).

To summarize:

2.1. Conjugate Subpixels are Connected to the Same Gate
Line and Opposite-Sided Data Lines.

This is the first important rule in this arrangement.

Referring to FIG. 13, the connecting positions 1 and 3 are
excluded.

The second arrangement rule is as follows:

2.2. A Pair of Upper and Lower Subpixels Adjacent to each
other are Connected to either a Gate Line Therebetween or
Opposite-Sided Gate Lines.

For a simple arrangement, two cases are separately consid-
ered, the one that two different subpixel arrangements
repeated in a row direction are also repeated in a column
direction, and the other that two different subpixel arrange-
ments are repeated in the row direction while the same sub-
pixel arrangement is repeated in the column direction.

First, the case including the same subpixel arrangement in
the column direction will be described.

When a pair of upper and lower subpixels adjacent to each
other are connected to the same-sided gate lines, there are two
cases: all subpixels in a subpixel column are connected to the
same data line as shown in FIG. 14A; and they are alternately
connected to left and right data lines as shown in FIG. 14B.

Referring to FIG. 14A, all subpixels in one subpixel col-
umn are connected to a right data line, and thus all subpixels
in a subpixel column conjugate thereto are connected to a left
data line. In this case, since there is no pair of a gate line and
a data line connected to subpixels PX1 and PX2 in a subpixel
column disposed between the conjugate subpixels, this
arrangement is not available.

Referring to F1G. 14B, a subpixel PX1 in a second subpixel
column in an odd subpixel row need to be connected to a
lower gate line Gj (as indicated by connecting positions 1 and
2), and a subpixel PX2 conjugate to the subpixel PX1 also
need to be connected to the lower gate line Gj (as indicated by
connecting positions 1' and 2"). However, since both data lines
D4 and D5 adjacent to the subpixel PX2 form pairs along with
the lower gate line Gj to be connected to underlying subpixels
PX3 and PX4, no pair ofa gate line and a data line donot exist.
Thus, this arrangement is neither available.

Therefore, the above-described rule stands, and an exem-
plary arrangement satisfying such a rule is shown in FIG. 15.
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Next, the case that two different subpixel arrangements are
repeatedly arranged in the column direction will be described.

Since conjugate subpixels are always connected to oppo-
site-sided data lines and this arrangement also appears in the
column direction, this results in either an arrangement shown
in FIG. 16 or an arrangement where a gate line connected to
each subpixel in the arrangement shown in FIG. 16 is inter-
changed with an opposite gate line.

In this case, since there is no pair of a gate line and a data
line connected to subpixels PX1 and PX2 in a subpixel col-
umn disposed between the conjugate subpixels, this arrange-
ment is not available.

FIG. 17 shows such an exemplary arrangement satisfying
such a rule and this arrangement realizes a color-based appar-
ent dot inversion.

To summarize, a successful color-based polarity inversion
is obtained by: first, connecting conjugate subpixels to oppo-
site-sided data lines; second, connecting a pair of upper and
lower subpixels adjacent to each other are connected to either
a gate line disposed therebetween or opposite-sided gate
lines, under the primary rule of connecting a subpixel to a gate
line and a data line, i.e., under the rule that a subpixel is
uniquely connected to a pair of a gate line and a data line.

Then, it is obtained an arrangement that a pair of subpixels
in one column among two subpixel columns of each pixel are
connected to a gate line disposed therebetween and a pair of
subpixels in the other column are connected to opposite-sided
gate lines.

The number of subpixel arrangements in a pixel having
such a feature is sixteen. In detail, the number of cases that a
pair of subpixels in one column are connected to a gate line
disposed therebetween 1s two and the number of cases that a
pair of subpixels in the other column are connected to oppo-
site-sided gate lines is four (=2x2), and thus, the number of
cases is 8 (=2x4). In addition, there are further two cases: two
subpixels in the first column are connected to a gate line
disposed therebetween and two subpixels in the second col-
umn are connected to opposite-sided gate lines; and vice
versa. Therefore, the total number of cases is 16 (=2x8).

The arrangements are implemented in the entire display
area according to the following order:

(1) A pair of subpixels (referred to as ‘a pair of reference
subpixels’ hereinafter) respectively belonging to upper and
lower subpixel rows (referred to as “first and second subpixel
rows’ hereinafter) adjacent to each other are connected to a
gate line disposed between the reference subpixels and to
opposite-sided data lines.

(2) A pair of subpixels spaced apart from the pair of refer-
ence subpixels by an odd number of columns along the row
direction are connected to opposite-sided gate lines.

(3) A pair of subpixels spaced apart from the pair of refer-
ence subpixels by a multiple of four columns along the row
direction are connected to the same gate line as that connected
to the pair of reference subpixels and to data lines disposed at
the same side as those connected to the pair of reference
subpixels.

(4) A pair of subpixels spaced apart from the pair of refer-
ence subpixels by an even number, but not a multiple of four,
of columns along the row direction are connected to the same
gate line as that connected to the pair of reference subpixels
and to data lines disposed at opposite sides from those con-
nected to the pair of reference subpixels.

(5) Each pair of subpixels in the second subpixel row and a
third subpixel row adjacent thereto or each pair of subpixelsin
the first subpixel row and a fourth subpixel row adjacent
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thereto are arranged in the manner described in (1) to (4) but
in an alternate manner with the second or the first subpixel
rOW.

(6) The procedures described in (1) to (5) are repeated for
other subpixel rows.

In this way, since the same-colored subpixels exhibit the
polarity inversion with respect to not only the common elec-
trode 270 but also the gate lines and the data lines, all kinds of
crosstalk disappears.

Until now, the data driver 500 has been considered to
perform the 2x1 inversion, but a 2Nx1 driver inversion gives
an Nx1 apparent inversion for the same-colored subpixels.

3. Expansion of Arrangement Rule

The application of the above-described rules shown in 2.1
and 2.2 can be expanded to other multi-color LCDs as well as
a four color LCD for obtaining various types of inversions.

A pixel including subpixels arranged in a 2x2 matrix has
been considered in the described mosaic arrangement, and,
now the pixel may be treated as a subpixel group. That is, each
subpixel group includes two pairs of subpixels adjacent in a
longitudinal direction, one pair of subpixels connected to a
gate line disposed therebetween and opposite-sided date lines
and the other pair of subpixels are connected to opposite-
sided gate lines.

Next, a conjugate subpixel group of the above-described
subpixel group is defined in the same manner as the conjugate
subpixel in the above-described mosaic arrangement. That is,
the conjugate subpixels of the conjugate subpixel group are
connected to the same-sided gate lines and opposite-sided
data lines.

Assuming that a pair of subpixels in a first column of each
subpixel group are connected to the same gate line, and a
subpixel in a first row and a first column (referred to a “first
subpixel’ hereinafter) is indicated by (i, j).

Since a subpixel in a second row and the first column
(referred to as a ‘second subpixel” hereinafter) can be indi-
cated by (i, j+1), the polarity of the second subpixel is oppo-
site to that of the first subpixel for an Nx1 (N is a natural
number) dot inversion and the column inversion.

A subpixel in the first row and a second column (referred to
asa ‘third subpixel’ hereinafter) can be indicated by (i-1,j+1)
or (i-1, j+2). The former has the same polarity as the first
subpixel and the latter has an opposite polarity to the first
subpixel.

A subpixel in the second row and the second column (“the
fourth subpixel” hereinafter) can be indicated by (i+1, j+1) or
(i+1.]42). The formerhas an opposite polarity to and the latter
has the same polarity as the second subpixel adjacent to the
fourth subpixel in the row direction. In comparison with the
third subpixel adjacent to the fourth subpixel in a column
direction, if the third subpixel is (i-1, j+1) and the fourth
subpixelis (i+1, j+1) or the third subpixel is (i-1, j+2) and the
fourth subpixelis (i+1, j+2), the polarities are always the same
regardless of the dot and column inversions. 1f the third sub-
pixel is (i-1, j+1) and the fourth subpixel is (i+1, j+2) or the
third subpixel is (i-1, j+2) and the fourth subpixel is (i+1,
J+1), the polarity for the dot inversion are opposite and those
for the column inversion are the same.

1t is possible to obtain intended types of inversions by
properly adjusting arrangements of subpixels and conjugate
subpixel groups in subpixel groups and driver inversion types
in consideration of such polarity relationship. 1t is noted that
one subpixel is uniquely connected to a pair of a data line and
a gate line.

This is arranged in the entire display area based on the
following order.
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(1) A certain pair of subpixels (“a pair of reference subpix-
els’ hereinafter) respectively in upper and lower subpixels
adjacent to each other (‘the first and the second subpixel
rows’ hereinafter) are connected to a gate line passing there-
through altogether.

(2) A pair of subpixels apart as an odd column as in a row
direction from the pair of reference subpixels are connected to
opposite-sided gate lines.

(3) A pair of subpixels located in a position where the
polarities are to be changed in a row direction are connected
to the same gate line as the pair of reference subpixels and to
opposite-sided data lines.

(4) The inversion control signal RVS applied to the data
driver 500 is controlled to invert the polarity by intended rows
in a column direction.

For example, in the mosaic four color pixel arrangement,
the subpixel arrangement in the pixel need not be considered
but, instead, the conjugate subpixel arrangement and the
driver inversion types are considered only. An alternate
arrangement of one set of conjugate pixels in a row direction
exhibits an Nx1 inversion for a color and that of two sets of
conjugate pixels in a row direction exhibits an Nx2 inversion.
The driver inversion types need to be considered in a column
direction. For example, in case of the column inversion or the
dot inversion in a narrow meaning, an alternate arrangement
of one set of conjugate pixels exhibits a 1xN inversion and
that of two sets of conjugate pixels exhibits a 2xN inversion.

An arrangement that two sets of conjugate pixels are alter-
nately arranged in a row direction and one pixel arranged in a
column direction is shown in F1G. 18. The dot inversion
which is a driver inversion type exhibits a 2x2 inversion for a
color.

This arrangement is available to three color pixel arrange-
ment as well.

For example, when the above-defined first subpixel is indi-
cated by (i, J) and the data driver 500 performs the dot inver-
sion and the third subpixel and the fourth subpixel are indi-
cated by (i-1, j+2) and (i+1, j+1), respectively, the polarities
of the adjacent subpixels in the one subpixel group become
opposite. Therefore, a repeated arrangement of only the same
subpixel groups in a row direction and in a column direction
exhibits a 1x1 dot inversion for a color. When the data driver
500 performs the column inversion and the third subpixels
and the fourth subpixels are indicated by (i-1, j+1) and (i+1,
J+2), respectively, it exhibits a 1x1 dot inversion for a color.

F1G. 19 shows an exemplary exhibition of a 1x2 inversion
foreach color, which applies the driver column inversion to an
alternate arrangement of conjugate subpixel groups in a row
direction.

Since subpixels in a row are connected to different gate
lines and different colored subpixels are connected to the
same data line in the four color LCD having the above-
described pixel arrangements of the striped and mosaic
arrangements, an arrangement of inputted image data needs
to be changed in the signal controller 600 or the data driver
500. For this, the LCD of the striped arrangement needs a line
buffer for storing data corresponding to one row and that of
the mosaic arrangement needs a line buffer for storing data
corresponding to two rows. The inputted data are once stored
and rearranged and then outputted using the line buffer.

As described above, the arrangement of the pixel according
to the pixel arrangement rule of the present invention enables
any inversions including the Nx1 inversion to be exhibited in
not only the four color pixel arrangement of the striped or the
mosaic arrangement but also three colors pixel arrangement
and the others using the conventional data driver performing
Nx1 inversion as it is.
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While the present invention has been described in detail
with reference to the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various modi-
fications and equivalent arrangements included within the
sprit and scope of the appended claims.

The invention claimed is:

1. A liquid crystal display comprising: a plurality of pixels
arranged in a matrix, wherein each pixel includes a red sub-
pixel, a green subpixel, a blue subpixel, and a white subpixel,
each red subpixel, green subpixel, blue subpixel, and white
subpixel has a switching element, and pixels are arranged in
the matrix to provide a plurality of rows of adjacent pixels and
a plurality of columns of adjacent subpixels; a plurality of
gate lines for transmitting gate signals for turning on or off the
switching elements, wherein one of the plurality of gate lines
is located between each pair of immediately adjacent rows in
the plurality of rows of adjacent pixels; and a plurality of data
lines for transmitting data voltages, wherein one of the plu-
rality of data lines is located between each pair of immedi-
ately adjacent columns in the plurality of columns of adjacent
subpixels and polarities of voltages applied to same-colored
subpixels of two immediately adjacent pixels in a row are
different from each other.

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

data driving circuitry coupled to the plurality of data lines

and the plurality of gate lines, wherein the connection of
the subpixels to the data lines and the gate lines results in
subpixels of the same color that are in immediately
adjacent pixels in the same row receiving voltages of
different polarities when the data driving circuitry per-
forms a driver inversion that provides different polarity
voltages to immediately adjacent subpixels that are in
the same row.

3. The liquid crystal display of claim 2, wherein the driver
inversion is a dot inversion.

4. The liquid crystal display of claim 2, wherein the driver
inversion is a column inversion.

5. The liquid crystal display of claim 1, wherein subpixels
in the pixels that are in the same row of adjacent pixels include
a first side located immediately adjacent a first gate line of the
plurality of gates lines and a second side that is located oppo-
site the subpixels from the first side and immediately adjacent
a second gate line of the plurality of gate lines, and wherein
subpixels in a first pixel are connected to the first gate line
through their switching elements and the subpixels that are of
the same color of the first pixel and that are located in a second
pixel that is immediately adjacent the first pixel in the same
row of adjacent pixels in the matrix are connected to the
second gate line through their switching elements.

6. The liquid crystal display of claim 1, wherein subpixels
that are in the same column of adjacent subpixels include a
first side located immediately adjacent a first data line of the
plurality of data lines and a second side that is located oppo-
site the subpixel from the first side and immediately adjacent
asecond dataline of the plurality of data lines, and wherein all
the subpixels in the same column of adjacent subpixels are
connected to one of the plurality of gate lines through their
switching elements, at least one of same colored subpixels in
a single row is connected to a data line located on a left side of
the at least one of same colored subpixels while at least one
other of the same colored subpixels in the pixel row is con-
nected a data line lines located in a right side of the at least one
other of the same colored subpixels, respectively.
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7. The liquid crystal display of claim 6, wherein the sub-
pixels comprise first and second pairs of subpixels,

wherein subpixels of each first pair are located immedi-

ately adjacent to each other and connected to a gate line
therebetween,

and wherein subpixels of each second pair are located

immediately adjacent to each other and connected to
gate lines located on opposite sides with respect to said
each second pair, respectively.

8. The liquid crystal display of claim 7, wherein one of the
first pairs and one of the second pairs are immediately adja-
cent to each other.

9. The liquid crystal display of claim 8, wherein each
subpixel has a first side and a second side substantially par-
allel to the first side,

wherein the first pairs of subpixels comprises a first pair

which has an upper subpixel connected to a data line
located in the first side thereof and a lower subpixel
connected to a data line located in the second side
thereof, and a second pair which has an upper subpixel
connected a data line located on the second side thereof
and a lower subpixel connected a data line located on the
first side thereof.

10. The liquid crystal display of claim 9, wherein the first
pair and the second pair of the subpixels are disposed alter-
natively in a single column.

11. The liquid crystal display of claim 10, wherein the
second pairs of subpixels comprises a first pair which has an
upper and a lower subpixel which are connected to a data line
located on the second side thereof, and a second pair which
has an upper subpixel and a lower subpixel connected to a
data line located on the first side thereof.

12. The liquid crystal display of claim 11, wherein the first
pair and the second pair of the subpixels are disposed alter-
natively.

13. The liquid crystal display of claim 1, further compris-
ing a data driver applying the data voltages via the data lines
and performing a 1x1 dot inversion.

14. The liquid crystal display of claim 1, further compris-
ing a data driver applying the data voltages via the data lines
and performing a column inversion.

15. The liquid crystal display of claim 10, wherein the
second pairs of subpixels comprises a first pair which has an
upper subpixel connected to a data line located on the first
side thereof and a lower subpixel connected to a data line
located on the second side thereof, and a second pair which
has an upper subpixel connected a data line located on the
second side thereof and a lower subpixel connected a data line
located on the first side thereof.

16. The liquid crystal display of claim 15, wherein the first
pair and the second pair of subpixels are disposed alterna-
tively in a single column.

17. The liquid crystal display of claim 16, further compris-
ing a data driver applying the data voltages via the data lines
and performing a 1x1 dot inversion.

18. The liquid crystal display of claim 1, wherein the sub-
pixels in each pixel represent three primary colors and a white
color that are of the same color and that are located in imme-
diately adjacent pixels that are in the same row of adjacent
pixels in the matrix are connected to different gate lines
through their switching elements, respectively and wherein
subpixels that are located in the same column of adjacent
subpixels are connected to the same data line through their
switching elements.
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