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LIQUID CRYSTAL DISPLAY DEVICE
DRIVEN WITH A SMALL NUMBER OF DATA
LINES

This application claims the benefit of the Korean Applica-
tion No. 10-2004-0115626 filed on Dec. 29, 2004, which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The present invention relates to an LCD device, and more
particularly, 1o an LCD device which is driven with a small
number of data lines in comparison with the background art.
The present invention also relates to a 2-dot inversion method
of driving an LCD device, thereby preventing deterioration in
image quality caused by a specific pattern.

2. Description of the Background Art

Display devices as visual information transfer media have
gained more importance in an information oriented society.
Among them, liquid crystal display (LCD) devices have rap-
idly replaced traditional cathode ray tubes (CRT) devices as
the next-generation of display devices because superior leg-
ibility, low power consumption and high definition.

An LCD device includes an LCD panel for displaying an
image, a driving unit for driving the LCD panel, and a back-
light unit for supplying light to the LCD panel.

Liquid crystals used in the LCD device are not light emit-
ting materials, which emit light by themselves, but rather are
light receiving materials, which pass light from the outside by
various transmittance to allow an image to be displayed on a
screen. Accordingly, a back-light unit, e.g. a separate light
source, is provided in the LCD device.

FIG.1 illustrates an LCD device in accordance with the
background art. As shown in FIG. 1, the LCD device includes:
a plurality of data lines (DL1~DL4) vertically disposed on a
substrate; a plurality of gate lines (GL1~GL4) horizontally
disposed on the substrate; and a plurality of pixels (R, G and
B) divided according to the data lines (DL1~DL4) and the
gate lines (GL1~GL4), perpendicularly crossing each other.

The pixels (R, G and B) are disposed in a matrix format on
the substrate, in which a red pixel (R), a green pixel (G) and
a blue pixel (B) are repetitively disposed. Switching devices
(SW1) such as thin film transistors (TFTs) are individually
provided at the pixels (R, G and B). The pixels in a column are
connected with a corresponding data line (DL1~DL4) by
respective switching devices (SW1). The pixels in a row are
connected with a corresponding gate line (GL1~GL4) by
respective switching devices (SW1). More specifically, gate
electrodes of the switching devices (SW1) connect with the
gatelines (GL1~GL4), and source electrodes of the switching
devices (SW1) connect with the data lines (DL1~DL4), and
drain electrodes of the switching devices (SW1) connect with
pixel electrodes 10.

Common electrode lines (CL1~CL3), in parallel with the
gate lines (GL1~GL4), are individually disposed on the sub-
strate. The common electrode lines (CL1~CL3) partially
overlap the pixel electrodes 10, provided at the respective
pixels (R, G and B). Common electrodes are provided at parts
of the common electrode lines (CL1~CL3) overlapping the
pixel electrodes 10, and a common voltage is supplied
through the common electrode lines (CL1~CL3). An electric
field caused by a voltage differential is formed between the
pixel electrode 10 and the common electrode.

As scan signals are sequentially supplied to the gate lines
(GL1~GLA4) from a gate driving unit in the LCD device, the
switching devices (SW1) connected to the corresponding
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2

supplied gate line (GL1~GL4) are all turned on. In addition,
image data, outputted from a data driving unit and transmitted
through the corresponding data lines (DL1~DL4) during a
period when the switching devices (SW1) are turned on, is
supplied to the pixels (R, G and B) through the switching
devices (SW1). The image data supplied to the pixels (R, G
and B) is applied to the pixel electrodes 10.

Each common electrode corresponding to each pixel (R, G
and B) receives a common voltage through the common volt-
age lines (CL1~CL3). When the voltage is supplied to the
pixel electrode (10) and the common electrode as described,
an electrode field caused by a voltage differential is formed
between the pixel electrode and the common electrode to
thereby rearrange liquid crystals of the corresponding pixels
(R, G and B) and control light transmittance, whereby an
image having desired luminance is implemented at the pixels
(R, G and B).

When a certain electric field is continuously applied to a
liquid crystal layer of the LCD device, liquid crystals are
deteriorated and undesirable after-images are generated by a
DC voltage component. Accordingly, inorder to prevent dete-
rioration in the liquid crystals and get rid of the DC voltage
component, positive and negative voltages of image data are
repeated and supplied on the basis of the common voltages.
Such a driving method is referred to as an inversion method.

The inversion driving method can be classified into several
types. Ina frame inversion method, the polarity of image data
is inverted by a unit of one frame of an image and supplied. In
a line inversion method, the polarity of image data is inverted
by units corresponding to gate lines and supplied. In a dot
inversion method, the polarity of image data according to
pixels adjacent to each other is inverted and supplied, and
further the polarity of image data is inverted by a unit of one
frame of an image and supplied. Among the several types of
inversion driving methods, the dot inversion method performs
well at preventing deterioration in image quality, and is the
most widely used.

Inthe LCD device illustrated in FIG. 1, an image is imple-
mented on a screen by the dot inversion method by supplying
image data having different polarities through every odd
numbered data line (DL1, DL3, . . . ) and every even num-
bered data line (DL.2, DL4, . .. ) of the data lines (DL1~DL4).
When the image data, having polarities opposite to each
other, is supplied to adjacent pixels according to the smallest
unit comprising a red pixel (R), a green pixel (G) or a blue
pixel (B), the method is referred to as a l-dot inversion
method. Compared to the line inversion method or the frame
inversion method, the 1-dot inversion method produces less
deterioration in image quality. However, the 1-dot inversion
method still experiences some deterioration in image quality,
such as deterioration due to crosstalk. In particular, serious
deterioration in image quality can be caused in an image
where a specific pattern repetitively appears, as shown in FIG.
2A or FIG. 2B.

FIG. 2A is a diagram illustrating one example of polarities
of pixels arranged on a screen and FIG. 2B is a diagram
illustrating another example of polarities of pixels arranged
on the screen, in accordance with the background art. The
1-dot inversion method is used in the screens of FIGS. 2A and
2B, in which specific patterns in black and white are shown.
FIG. 2A illustrates a screen in which a vertical pattern
appears, and FIG. 2B illustrates a screen in which a checker-
board pattern appears. When the vertical pattern is imple-
mented on the screen as shown in FIG. 2A, a specific pattern
occurs regularly, whereby image data having one polarity is
supplied to the pixels (P10) of a line unit.
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A specific pattern is also shown in the checkerboard pattern
of FIG. 2B. Image data having one polarity is applied to the
pixels (P10) of a line unit. However, in FIG. 2A, the pixels
(10) of the line unit alternately receive positive image data
and negative image data, and in FIG. 2B, one of positive
image data and negative image data is supplied to the entire
pixels (P10).

As described above, one polarity is strongly applied to the
pixels (P10) of a line unit, which may cause a voltage change
in the common voltage lines corresponding to the pixels (P10)
of the line unit. For example, when more positive image data
is supplied to the pixels of the line unit than negative image
data, a voltage level of the common voltage lines may
increase in comparison to its original voltage level. When
more negative image data is supplied thereto, a voltage level
of the common voltage lines may decrease in comparison to
its original voltage level. Such a voltage change changes the
size of the electric field applied to the liquid crystals, causing
horizontal crosstalk in which a horizontal stripe occurs on the
screen.

As described above, in the LCD device, the pixels (R, G
and B) of a line unit individually correspond to the gates lines
(GL1~GL4), and the pixels (R, G and B) of a column unit
individually correspond to the data lines (DL1~DL4), to
receive scan signals and image data, respectively. In order to
obtain high resolution in an LCD device, fabricated to have a
large area and high resolution, the number of gate lines
(GL1~GL4) and the number of data lines (DL1~DIL4) should
be increased. This increases fabrication costs.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
an LCD device, which can be driven by a 2-dot inversion
method to thereby prevent deterioration in image quality
which can be generated in a 1-dot inversion method.

It is also an object of the present invention to provide an
LCD device which can be driven in a manner identical to the
background art with a decreased number of data lines in
comparison to the background art to thereby reduce the fab-
rication costs.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided an LCD device
including:

atiming control unit for generating a first control signal and
asecond control signal which are transitioned every V4 frame,
and setting a polarity signal according to the count number
obtained by counting the number of wave forms of the first
control signal and the second control signal; a plurality of gate
lines arranged on a substrate in a first direction; a plurality of
data lines arranged on the substrate in a second direction and
crossing the gate lines; a plurality of pixels arranged in a
matrix format on the substrate, two of the pixels being pro-
vided at every region divided by the gate lines and the data
lines; and a data driving unit for determining polarities of first
image data and second image data according to the polarity
signal being received from the timing control unit, and then
supplying the first image data to the pixels in the first column
through the first data line and supplying the second image
data to the pixels in the second column through the second
data line.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 illustrates an LCD device, in accordance with the
background art;

FIG. 2A is a diagram illustrating one example of polarities
of pixels arranged on a screen, in accordance with the back-
ground art;

FIG. 2B is a diagram illustrating another example of polari-
ties of pixels arranged on the screen, in accordance with the
background art;

FIG. 3A is a diagram illustrating an LCD device, in accor-
dance with the present invention;

FIG. 3B is a timing diagram illustrating a wave form when
the LCD device of FIG. 3A is driven;

FIG. 3C is a table showing the count number of a counter
unit provided in FIG. 3A and an initial value of a polarity
signal determined according to the count number;

FIG. 3D is a diagram illustrating an LCD device, similar to
FIG. 3A, but having alternate connection pattern for the first
and second switching devices; and

FIGS. 4A to 4D sequentially illustrate the polarities which
are substantially implemented in the LCD device, in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

An LCD device to obtain the objects of the present inven-
tion includes: a timing control unit for generating a first
control signal and a second control signal which are transi-
tioned every ¥ frame, and setting a polarity signal according
to the count number obtained by counting the number of
rising edges or falling edges of the first and second control
signals; a plurality of gate lines arranged on a substrate in a
horizontal direction; a plurality of data lines arranged on the
substrate in a longitudinal direction and crossing the gate
lines; a plurality of pixels arranged in a matrix format on the
substrate, two of the pixels being provided at every region
divided by the gate lines and the data lines; and a data driving
unit for determining polarities of first image data and second
image data according to the polarity signal being received
from the timing control unit, and then supplying the first
image data to the pixels in the first set or column of pixels
through the first data line and supplying the second image
data to the pixels in the set or second column of pixels through
the second data line.

FIG. 3A is a diagram illustrating an LCD device in accor-
dance with the present invention, FIG. 3B is a timing diagram
illustrating a wave form when the LCD device of FIG. 3A is
driven, and FIG. 3C is a table showing the count number of a
counter unit provided in FIG. 3A and an initial value of a
polarity signal determined according to the count number.

As shown herein, the LCD device includes: a plurality of
gate lines (GL11~GL13) arranged on a substrate in a hori-
zontal direction; a plurality of data lines (DL11~DL14)
arranged on the substrate in a vertical direction and crossing
the gate lines (GL11~GL13); a plurality of pixels (R, G and
B), two of the pixels being provided at every region divided by



US 7,825,886 B2

5

the gate lines (GL11~GL13) and the data lines
(DL11~DL14); first and second control signal lines (CTL11
and CTL12) in parallel with the gate lines (GL11~GL13)
arranged on the substrate; first switching devices (SW11)
provided at the respective pixels (R, G and B) and receiving
image data by being turned on by scan signals upon electri-
cally connecting with the gate lines (GL11~GL13) and the
data lines (DL11~DL14); and second switching devices
(SW12) connecting with the first switching devices (SW11)
and supplying image data supplied through the first switching
devices (SW11) to the pixels (R, G and B) by being turned on
by a first control signal (CS11) or a second control signal
(CS12).

The pixels (R, G and B)include red (R), green (G) and blue
(B). The pixels (R, G and B) ofthe red (R), green () and blue
(B) are arranged in a matrix format on the substrate.

The gate lines (GL11~GL13) and the data lines
(DL11~DL14) perpendicularly cross each other on the sub-
strate, dividing a plurality of regions. Two of the pixels (R, G
or B) are defined in the regions. As illustrated in the drawings,
the pixels (R, G and B) of a column unit are connected with
the data lines (DL11~DIL14) at both sides of the column unit
through the second switching devices (SW12). That is, image
data can be supplied to two columuns of the pixels (R, Gand B)
through each data line (DL11-DL14). Thus, the LCD device
can be driven with only half of the data lines (DL11~DL14),
as compared to the background art to thereby decrease a
circuit area of the driving unit. Thus, fabrication costs of the
LCD device can be reduced.

The first control signal line (CTL11) and the second con-
trol signal line (CTL12), in parallel with the gate lines
(GL11—GL13), are arranged on the substrate in the horizon-
tal direction. The first control signal line (CTL11) and the
second control signal line (CTL12) connect with gate elec-
trodes of the second switching devices (SW12).

The source electrodes of the second switching devices
(SW12) are connected with the drain electrodes of the first
switching devices (SW11). Therefore, even ifthe first switch-
ing devices (SW11) are turned on and receive image data
through the source electrodes, the image data cannot be trans-
mitted to the pixel electrodes (not shown) provided at the
pixels (R, G and B), unless the second switching devices
(SW12) are also turned on. In order for image data to be
supplied to the pixel electrodes, both the first switching
devices (SW11) and the second switching devices (SW12)
must be turned on. Thin film transistors (TFTs) can be used as
the first switching devices (SW11) and the second switching
devices (SW12).

The data driving unit 120 for supplying image data to the
respective pixels (R, G and B) through the data lines
(DL11~DL14) supplies image data to the data lines
(DL11~DL13) by a 1-dot inversion method. In addition, the
first and second control signals (CS11 and CS12) supplied to
the second switching devices (SW12), respectively, through
the first and second control signal lines (CTL11 and CTL.12)
from the timing control unit 140 are transitioned to different
potentials (e.g. a low potential or voltage or a high potential or
voltage) by a unit of a 1% frame.

As shown in FIG. 3B, during a period (e.g. frame) that the
first control signal (CS11) or the second control signal (CS12)
has a high potential supplied to the pixels (R, G and B), scan
signals are sequentially supplied to the gate lines
(GL11~GL13) to thereby turn on the first switching devices
(SW11) of the pixels (R, G and B) connected with the corre-
sponding gate lines (GL11~GL13). When the first control
signal (CS11)is in astate of high potential, the second switch-
ing devices (SW12) connected with the pixels (R, G and B) of
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6

every odd numbered column are turned on. Thus, image data
is supplied to the pixels (R, G and B) of every odd numbered
column such that the pixels (R, G and B) are charged with a
voltage to create image data. When the first control signal
(CS11) is in a state of low potential and the second control
signal (CS12) is changed into a state of high potential, the
second switching devices (SW12) connected with the pixels
(R, G and B) of every even numbered column are turned on
and the second switching devices (SW12) connected with the
pixels (R, G and B) of every odd numbered column are turned
off. Thus, the pixels (R, G and B) of every even numbered
column may be charged with a voltage to create image data.

In addition, for the same period, the voltage of the image
data charged to the pixels (R, G and B) of every odd numbered
column is maintained. Though not illustrated in the drawings,
the pixels (R, G and B) are individually provided with storage
capacitors, by which the pixels (R, G and B) remain charged
with image data. The charged status of the pixels (R, G and B)
is maintained for one frame by the charging voltage of the
image data supplied by the data lines (DL11~DL14).

As described above, the data driving unit 120 alternately
drives the pixels (R, G and B) of every odd numbered column
and the pixels (R, G and B) of every even numbered column
by the first control signal (CS11) and the second control
signal (CS12), respectively. The polarities of the first control
signal (CS11) and the second control signal (CS12) are
inverted every %2 frame. In addition, the scan signal is sup-
plied twice to each gate line (GL11~GL13) during one frame.

The timing control unit 140 outputs the first control signal
(CS11) and the second control signal (CS12) with the polari-
ties inverted by a unit of a ¥ frame. Thus, the first control
signal (CS11) and the second control signal (CS12) have
different potentials from each other at any given time. If the
first control signal (CS11) is at a high potential, the second
control signal (CS12) is at a low potential. Likewise, if the
second control signal (CS12) is at a high potential, the first
control signal (CS11) is at a low potential.

The timing control unit 140 is provided with a counter unit
150 for counting the number of rising edges or falling edges
of pulses of the first control signal (CS11) and the second
control signal (CS12), which are transitioned to a high poten-
tial or a low potential every 4 frame. One cycle of the counter
unit 150 is defined as a count to four. Since the counter unit
150 performs counts twice for one frame, because the first
control signal (CS11) and the second control signal (CS12)
are transitioned to a different potential every V2 frame, one
cycle of the counter unit 150 equals two frames.

Each time the count number is changed, the counter unit
150 outputs a polarity signal (POL) corresponding to the
changed count number. The outputted polarity signal (POL)
is inputted to the data driving unit 120.

The data driving unit 120 determines the initial polarities of
image data to be supplied to the pixels (R, G and B) through
the data lines (DL.11~DL13). according to the inputted polar-
ity signal (POL). For example, when the polarity signal
(POL) has a high potential, image data outputted at an initial
stage corresponds to the data lines such that positive image
data and negative image data can be outputted in a sequential
and repetitive manner. When the polarity signal (POL) has a
low potential, image data outputted at an initial stage corre-
sponds to the data lines such that negative image data and
positive image data can be outputted in a sequential and
repetitive manner. That is, the polarity signal (POL) outputted
from the timing control unit 140, by corresponding to the
count number of the counter unit 150, determines the polari-
ties of image data outputted from the data driving unit 120.
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Of course, the function of the counter 150 could be moved
to the data driving unit 120, in which case the first control
signal (CS11) and the second control signal (CS12) would be
sent to the data driving unit 120, which would internally
monitor and count the number of rising or falling edges and
adjust the polarity of the image data accordingly.

InF1G. 3C, aninitial value of a polarity signal correspond-
ing to the count number of the counter unit 150 is shown. As
described above, the counter unit 150 counts the number of
rising edges or falling edges of the first control signal (CS11)
and the second control signal (CS12) and outputs a polarity
signal (POL) corresponding to the count number. As shown in
the table of F1G. 3C, when the count number is ‘0, an initial
value of the polarity signal (POL) is determined as ‘1” and
outputted. When the count number increases to *1’, the initial
value of the polarity signal (POL) is determined as ‘0’. And,
when the count number increases to ‘2”, the initial value of the
polarity signal (POL) is maintained as ‘0’ again. Finally,
when the count number increases to ‘3”, the initial value of the
polarity signal (POL) is set as “1” again.

Here, the count number has a range of 0 to 3. When the
count exceeds 3, the counter unit 150 begins counting from
‘0" again. The count number ‘0’ is a value which is initially set
when the LCD device is turned on.

As the count number increases from 0 to 3, initial values of
the polarity signal (POL) are repetitively set as ‘1°, ‘0, “0”,
‘1"or 0%, 17, °1°, °0°. The initial values of the polarity signal
are not set in the order that ‘0” and ‘1’ are repeated, but the
same initial values come out at the count numbers ‘0’ and “3°,
so that the pixels (R, G and B) can be driven by a 2-dot
inversion method, according to image data outputted by the
polarity signal (POL). 1n this manner, deterioration in image
quality, such as horizontal cross talk can be prevented in an
image where a specific pattern occurs repetitively.

In view of initial values of the polarity signal (POL), the
consecutive count numbers ‘3’ and ‘0’ are set to have identical
initial values of the polarity signal (POL) and the consecutive
count numbers ‘1” and ‘2’ are set to have identical initial
values of the polarity signal (POL). That is, identical initial
values of the polarity signal (POL) are reset by a unit of two
count numbers.

An operation of the LCD device will now be described.
First, when a scan signal is supplied to the first gate line
(GL11) from the gate driving unit 130, the first switching
devices (SW11) connected with the first gate line (GL11) are
all turned on. 1f the first control signal (CS11), outputted
through the first control signal line (CTL11) from the timing
control unit 140, has a low potential and the second control
signal line (CTL12), outputted through the second control
signal (CS12) from the timing control unit 140, has a high
potential, image data outputted from the data driving unit 120
1s supplied to the pixels (R, G and B) of every even numbered
column because the second switching devices (SW12) are
turned on by the second control signal (CS12) in a state when
the first switching devices (SW11) provided at the pixels (R,
G and B) of every even numbered column are being sequen-
tially turned on by the gate lines (GL11-GL13).

Since the data driving unit 120 outputs image data by a unit
of a %2 frame, according to the dot inversion method, image
data having polarities different (e.g. opposite) from each
other is transmitted through every odd numbered data line
(DL11 and DL13) and every even numbered data line (DL12
and DL14). If the polarity signal (POL), outputted from the
timing control unit 140, is ‘1’ (e.g. a high potential voltage),
the data driving unit 120 sequentially outputs positive image
data and negative image data through every odd numbered
data line (DL11 and DL13) and every even numbered data
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lines (DL12 and DL14), according to the polarity signal
(POL). At this time, since only the second switching devices
(SW12) provided at the pixels (R, G and B) of every even
numbered column are turned on by the second control signal
(C812), negative information is supplied to the pixels (R, G
and B) of every even numbered column through every even
numbered data line (D112 and DL.14). The pixels (R, G and
B) of every even numbered column are charged with and store
a voltage of negative image data by storage capacitors (not
shown) until the next image data is supplied.

When a scan signal is supplied to the second gate line
(GL12) after one horizontal period passes, the first switching
devices (SW11) of the pixels (R, G and B) of every odd
numbered column and the pixels (R, G and B) of every even
numbered column which are arranged at upper and lower
portions of the second gate line (GL12) are all turned-on.
However, since the driving state is still in a state of the first 12
frame, the first control signal (CS11) maintains its low poten-
tial state and the second control signal (CS12) maintains its
high potential state, only the pixels (R, G and B) of every even
numbered column are turned on by the second control signal
(CS12) having a high potential. Accordingly, positive image
data, wherein polarity is inverted according to passage of one
horizontal period, is supplied to the pixels (R, G and B) of
every even numbered column through every even numbered
data line (DL12 and DL14). When such a driving method is
repetitively performed, polarities of image data are displayed
on the pixels (R, G and B) of every even numbered column
according to the dot-inversion method. The pixels (R, G and
B) of every even numbered column adjacent to one another
are charged with image data having polarities different from
each other.

As described above, when the 2 frame finishes by sequen-
tially supplying scan signals to the respective gate lines
(GL11~GL13), the second % frame starts. 1n the second Y5
frame, the first control signal (CS11) is transitioned to a high
potential and the second control signal (CS12) is transitioned
to a low potential. Thus, the counter unit 150, in which the
count number increases in synchronization with rising edges
or falling edges of the first or second control signals (CS11 or
CS 12). operates to increase the count number by one. At this
time, a polarity signal (POL) s set as ‘0’ (e.g. a low potential
voltage) according to this count number and then supplied to
the data driving unit 120.

As anew Y4 frame starts, the gate driving unit 130 sequen-
tially supplies scan signals to the gate lines (GL11~GL13)
again. When the scan signal 1s supplied to the first gate line
(GL11), the first switching devices (SW11) provided at the
pixels (R, G and B) of every even numbered column con-
nected with the first gate line (GL11) are turned on. However,
since the pixels (R, G and B) of every even numbered column
are connected with the second control signal line (CTL12),
through the second switching devices (SW12), they maintain
astate of being turned off by the second control signal (CS12)
having a low potential.

1f a scan signal is supplied to the second gate line (GL12),
the first switching devices (SW11) provided at the pixels (R,
G and B) of every odd numbered column and the pixels (R, G
and B) of every even numbered column which are arranged at
upper and lower portions of the second gate line (GL.12) are
turned on. However, only the pixels (R, G and B) of every odd
numbered column are turned on by the first control signal
(CS11). At this time, the data driving unit 120 sequentially
outputs negative and positive image data through every odd
numbered data line (D111 and DL.13) and every even num-
bered data line (DL12 and DL.14) according to the inputted
polarity signal (POL). Accordingly, the negative image data is
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supplied to the pixels (R, G and B) of every odd numbered
column arranged above the second gate line (GL12) through
the first and second switching devices (SW11 and SW12).

If the scan signal is supplied to the third gate line (GL13),
positive image data is supplied to the pixels (R, G and B) of
every odd numbered column of pixels (R,G and B) located
above the third gate line (GL13) through every odd numbered
data line (DL11 and DL13).

After a frame is completed, i.e. the first V% frame and the
second %2 frame passes, if'a new 2 frame starts again, the first
control signal (CS11) is transitioned to a low potential and the
second control signal (CS11) is transitioned to a high poten-
tial again. At this time, the counter unit 150 increase the count
number by one. That is, the count number becomes ‘2’. As
shown in FIG. 3C, when the count number is ‘2, the polarity
signal is maintained as ‘0’. However, since the first and sec-
ond control signals (CS11 and CS12) have changed their
transition states, the polarity of the image data displayed on
the pixels (R, G and B) is different from the previous Y2 frame.

When the scan signal is supplied to the first gate line
(GL11), the first switching devices (SW11), connected to the
corresponding gate line (GL11), are turned on, and only the
second switching devices (SW12) of the pixels (R, G and B)
of every odd numbered column connected with the second
control signal line (CTL12) for supplying the second control
signal (CS12) are turned on. Since the data driving unit 120
receives a polarity signal ‘0’ identical with that of the previous
14 frame, it outputs negative image data through every odd
numbered data line (DL11 and DL13) and outputs positive
image data through every even numbered data line (DL12 and
DL14) for the first horizontal period, in the order of negative
and positive image data which was set in the previous 2
frame.

Accordingly, positive image data is supplied to the pixels
(R, G and B) of every even numbered column. The positive
image data replaces the negative image data in the first pixels
(R, G and B) of the pixels (R, G and B) of every even num-
bered column, which have stored the negative image data
during the previous frame. Thus, the two pixels (R and G)
divided by the first data line (DL11) and the second data line
(DL12) store the negative image data during the previous
frame and thus are implemented by a 2-dot inversion method.
However, as positive image data is supplied to green pixels
(G) through the second data line (DL12), the two pixels (R
and G) have image data with polarities different from each
other.

Positive image data has been stored in the blue pixels (B) of
every odd numbered column connected to the second data
line (D1.12) for the previous frame. As a result, the pixels (R,
G and B) continue to be driven by a 2-dot inversion method,
but identical polarities are shifted by one column and dis-
played.

FIG. 3D is a diagram illustrating an LCD device, similar to
FIG. 3A, but having an alternative connection pattern for the
first and second switching devices. In FIG. 3D, each of the
first switching devices (SW11) for receiving image data from
the data driving unit 120 is turned on by the first control signal
(CTL12) or the second control signal (CTL12). Also, each of
the second switching devices (SW12) for receiving image
data through an coupled first switching device (SW11) and
for supplying the image data to an associated pixel is turned
on by a scan signal supplied through one of the plurality of
gate lines (GL11-GL13). The alternate embodiment of FIG.
3D would also drive the pixels (R, G and B) in accordance
with a 2-dot inversion method, when the data driving unit 120
is operated in accordance with a 1-dot inversion method. The
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embodiment of FIG. 3D illustrates that the “turn on” electri-
cal connections of first and second switching devices (SW11
and SW12) may be reversed.

As described above, the first and second control signals
(CS11 and CS12) are transitioned every % frame, but the
initial values of the polarity signal (POL) are changed every
one frame in correspondence with the count number. Thus,
theimage data is supplied through the data driving unit 120 by
the dot inversion method, but the 2-dot inversion method, in
which polarities are continuously shifted left and right, can be
substantially implemented in the pixels (R, G and B).

Such an operation is sequentially illustrated in FIGS. 4A to
4B. As shown in FIG. 4A, at an initial stage, the pixels of the
first column (C1) and the pixels of the second column (C2)
maintain image data having identical polarities in the first %2
frame of the first frame and are implemented by a 2-dot
inversion method. Likewise, image data is maintained in the
pixels of the third column (C3) and the pixels of the fourth
column (C4), the pixels of the fifth column (C5) and the pixels
ofthe sixth column (C6), and the pixels of the seventh column
(C7) and the pixels of the eighth column (C8). When image
data is supplied to the pixels of every even numbered column
(C2,C4, C6 and C8) by a dot inversion method, the polarities
change, as illustrated in F1G. 4B, in the second ¥4 frame of the
first frame. That is, the polarities of the image data supplied to
the pixels of the first column (C1) and the pixels of the second
column (C2), which maintained the image data having polari-
ties identical to each other, now become different from each
other. However, the polarities of image data supplied to the
pixels of the second column (C2) and the pixels of the third
column (C3) become the same, such that the positions of the
polarities have shifted by one pixel but the overall pixels are
still formed by a 2-dot inversion method.

When image data is supplied to the pixels of every odd
numbered column (C1, C3, C5 and C7) in the second V2 frame
of the first frame by the dot inversion method, a polarity
configuration is formed like the first ¥ frame of the second
frame illustrated in FIG. 4C. Like a change between the first
Y5 frame and the second > frame of the first frame, the
polarities of the pixels of the second column (C2) and of the
third column (C3), the pixels of the fourth column (C4) and of
the fifth column (C5), and the pixels of the six column (C6)
and of the seventh column (C7) have changed again. Like the
first ¥4 frame of the first frame, the polarities of the pixels in
the first column (C1) and second column (C2), the pixels of
the third column (C3) and the fourth column (C4), the pixels
of the fifth column (C5) and the six column (C6), and the
pixels of the seventh column (C7) and the eight column (C8)
become the same. However, a difference from the first 1%
frame of the first frame is that the sign of the polarities have
changed from plus “+” to minus “-".

When image data is supplied to every even numbered col-
umn (C2,C4, C6 and C8), again by the dot inversion method,
the polarities of the data shift by one column, like the second
14 frame of the second frame, but an implementation of the
2-dot inversion type is maintained.

According to the above operation, the pixels arranged in a
matrix format on the substrate are driven simultaneously at
each cycle comprising two frames, and image data is supplied
every % frame to the pixels of every odd numbered column
and the pixels of the every even numbered column by the dot
inversion method. The polarities of the respective pixels are
continuously changed at each cycle comprising one frame to
thereby prevent deterioration of the liquid crystals and the
pixels are driven by the 2-dot inversion method to thereby
reduce or prevent deterioration of an image quality.
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As described so far, the LCD device, inaccordance with the
present invention, can reduce the circuit size of the data
driving unit by driving pixels with a decreased number of data
lines, as compared to the background art. This advantage
reduces fabrication costs for the LCD device.

In addition, the present invention alternately supplies
image data, in accordance with the dot inversion method, by
dividing pixels into at least two sets, such as odd numbered
columns and even numbered columns, with polarities of the
respective pixels being changed every frame to thereby
reduce or prevent deterioration in the liquid crystals. This
driving method constitutes a 2-dot inversion method and
reduces or prevents deterioration in image quality.

As the present invention may be embodied in several forms
without departing from the spirit or essential characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its spirit and scope as
defined in the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

What is claimed is:

1. A liquid crystal display device comprising:

atiming control unit for generating a first control signal and
a second control signal which are transitioned in state
every ¥4 frame, the timing control unit having a counter
unit for outputting a polarity signal according to a count
number based on the occurrence of rising or falling
edges of at least one of the first and second control
signals and restarting to count after two frames;

a substrate;

a plurality of gate lines arranged on said substrate in a first
direction;

a plurality of data lines arranged on said substrate in a
second direction and crossing said plurality of gate lines
to form a plurality of regions bordered by two gate lines
and two data lines;

a plurality of pixels arranged on said substrate, two of said
plurality of pixels being provided in each region of said
plurality of regions, an odd numbered pixel of an odd
numbered row is connected to an even numbered gate
line and an even numbered pixel of the odd numbered
row is connected to an odd numbered gate line, and odd
numbered pixel of an even numbered row is connected to
an odd numbered gate line and an even numbered pixel
of the even numbered row is connected to an even num-
bered gate line; and

a data driving unit for determining polarities of first image
data and second image data according to the polarity
signal received from said timing control unit, said data
driving unit supplying the first image data to a first set of
pixels of an odd numbered column through an odd num-
bered data line and supplying the second image data to a
second set of pixels of an even numbered column
through an even numbered data line,

wherein each pixel is coupled to a first switching device for
receiving image data from said data driving unit, and a
second switching device for receiving image data
through said first switching device and for supplying the
image data to an associated pixel,

wherein a first switching device of the odd numbered pixel
of the odd numbered row and a first switching device of
the even numbered pixel of the even numbered row
include a gate electrode connected to the even numbered
gate line, and a first switching device of the even num-
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bered pixel of the odd numbered row and a first switch-
ing device of the odd numbered pixel of the even num-
bered row include a gate electrode connected to the odd
numbered gate line,

wherein said first switching device is turned on by a scan
signal supplied through one of said plurality of gate
lines, and said second switching device is turned on by
the first control signal or the second control signal, and

wherein a first control signal line receives the first control
signal from said timing control unit and is connected to
the pixels of the first set through said second switching
device, and a second control signal line receives the
second control signal from said timing control unit and
is connected to the pixels of the second set through said
second switching device.

2. The liquid crystal display device of claim 1, wherein said
first switching device includes a source electrode connected
to one of said plurality of data lines.

3. The liquid crystal display device of claim 2, wherein said
second switching device includes a source electrode con-
nected to a drain electrode of said first switching device and a
drain electrode connected with a pixel electrode of the asso-
ciated pixel.

4. The liquid crystal display device of claim 1, wherein the
first control signal has a first or second state, and the second
control signal has a first or second state.

5. The liquid crystal display device of claim 4, wherein the
state of the first control signal is always opposite to the state
of the second control signal.

6. The liquid crystal display device of claim 5, wherein the
first state corresponds to a first voltage potential greater than
a second voltage potential corresponding to the second state.

7. The liquid crystal display device of claim 1, wherein a
first control signal line receives the first control signal from
said timing control unit and is connected to the pixels of the
first set through said second switching devices and a second
control signal line receives the second control signal from
said timing control unit and is connected to the pixels of the
second set through said second switching devices.

8. The liquid crystal display device of claim 1, wherein
image data is supplied to said plurality of pixels by said data
driving unit using a 1-dot inversion method.

9. The liquid crystal display device of claim 8, wherein
image data is displayed by said plurality of pixels in a 2-dot
inversion manner.

10. The liquid crystal display device of claim 1, wherein
image data is displayed by said plurality of pixels in a 2-dot
inversion manner.

11. The liquid crystal display device of claim 1, wherein a
polarity of the image data supplied to the respective pixels is
changed at each frame, and the respective pixels alternately
have polarities of image data identical with those of their right
or left adjacent pixels every % frame.

12. The liquid crystal display device of claim 1, wherein
the polarity of the image data in the pixels shifts by one
column every % frame.

13. A liquid crystal display device comprising:

a timing control unit for generating a first control signal and

a second control signal;

a substrate;

a plurality of gate lines arranged on said substrate in a first
direction;

a plurality of data lines arranged on said substrate in a
second direction and crossing said plurality of gate lines
to form a plurality of regions bordered by two gate lines
and two data lines;
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a plurality of pixels arranged on said substrate, two of said
plurality of pixels being provided in each region of said
plurality of regions, an odd numbered pixel of an odd
numbered row is connected to an even numbered gate
line and an even numbered pixel of the odd numbered
row is connected to an odd numbered gate line, and odd
numbered pixel of an even numbered row is connected to
an odd numbered gate line and an even numbered pixel
of the even numbered row is connected to an even num-
bered gate line; and

a data driving unit for determining polarities of first image
data and second image data according to a count of
transitions between states of at least one of the first
control signal and the second control signal, said data
driving unit supplying the first image data to a first set of
pixels of an odd numbered column through an odd num-
bered data line and supplying the second image data to a
second set of pixels of an even numbered column
through an even numbered data line,

wherein each pixel is coupled to a first switching device for
receiving image data from said data driving unit, and a
second switching device for receiving image data
through said first switching device and for supplying the
image data to an associated pixel,

wherein a first switching device of the odd numbered pixel
of the odd numbered row and a first switching device of
the even numbered pixel of the even numbered row
include a gate electrode connected to the even numbered
gate line, and a first switching device of the even num-
bered pixel of the odd numbered row and a first switch-
ing device of the odd numbered pixel of the even num-
bered row include a gate electrode connected to the odd
numbered gate line,

wherein said first switching device is turned on by a scan
signal supplied through one of said plurality of gate
lines, and said second switching device is turned on by
the first control signal or the second control signal, and

wherein a first control line receives the first control signal
from said timing control unit and is connected to the
pixels of the first set through said second switching
device, and a second control signal line receives the
second control signal from said timing control unit and
is connected to the pixels of the second set through said
second switching device.

14. The liquid crystal display device of claim 13, wherein
the first switching device is turned on by a scan signal sup-
plied through one of said plurality of gate lines, and the
second switching device turned on by the first control signal
or the second control signal.

15. The liquid crystal display device of claim 14, wherein:

said first switching device includes a source electrode con-
nected to one of said plurality of data lines;

said second switching device includes a source electrode
connected to a drain electrode of said first switching
device and a drain electrode connected with a pixel
electrode of the associated pixel;

the first control signal has a first or second state, and the
second control signal has a first or second state; and

the state of the first control signal is always opposite to the
state of the second control signal.

16. A method of driving a liquid crystal device comprising

the steps of:

providing a timing control unit; a substrate; a plurality of
gate lines arranged on the substrate in a first direction; a
plurality of data lines arranged on the substrate in a
second direction and crossing the plurality of gate lines
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to form a plurality of regions bordered by two gate lines
and two data lines; a plurality of pixels arranged on the
substrate, two of the plurality of pixels being provided in
each region of the plurality of regions, an odd numbered
pixel of an odd numbered row is connected to an even
numbered gate line and an even numbered pixel of the
odd numbered row is connected to an odd numbered gate
line, and odd numbered pixel of an even numbered row
is connected to an odd numbered gate line and an even
numbered pixel of the even numbered row is connected
to an even numbered gate line; a data driving unit; a first
switching device coupled each pixel for receiving image
data from the data driving unit; a second switching
device coupled each pixel for receiving image data
through the first switching device and for supplying the
image data to an associated pixel; a first control signal
line for receiving the first control signal from said timing
control unit and being connected to the pixels of the first
set through said first switching device; and a second
control signal line for receiving the second control signal
from said timing control unit and being connected to the
pixels of the second set through said second switching
device;

generating a first control signal and a second control signal

in the timing control unit;

transitioning the first control signal between states every 14

frame;

transitioning the second control signal between states

every 4 frame;
outputting a polarity signal according to a count number
based on the occurrence of rising or falling edges of at
least one of the first and second control signals;

determining polarities of first image data and second image
data to be outputted by the data driving unit according to
the polarity signal received from the timing control unit;

supplying, via the data driving unit, the first image data to
a first set of pixels of an odd numbered column through
an odd numbered data line and supplying the second
image data to a second set of pixels of an even numbered
column through an even numbered data line;

turning the first switching device on by a scan signal sup-

plied through one of the plurality of gate lines; and
turning the second switching device on by the first control
signal or the second control signal.

17. The method of claim 16, wherein said supplying step
includes operating the data driving unit using a 1-dot inver-
sion method.

18. The method of claim 17, further comprising the step of:

displaying image data by said plurality of pixels using a

2-dot inversion method.

19. The method of claim 16, further comprising the step of
displaying image data by said plurality of pixels using a 2-dot
inversion method.

20. The method of claim 16 wherein, the first switching
device is turned on by a scan signal supplied through one of
said plurality of gate lines, and the second switching device
turned on by the first control signal or the second control
signal.

21. The method of claim 20, wherein the first switching
device includes a source electrode connected to one of said
plurality of data lines, and a gate electrode connected to one
of said plurality of gate lines, and the second switching device
includes a source electrode connected to a drain electrode of
said first switching device and a drain electrode connected
with a pixel electrode of the associated pixel.

O B O



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

RALEBBBRELEINRRBETRRE

US7825886 N (E)H 2010-11-02
US11/128169 HiEA 2005-05-13
F&ERERAT

LG.PHILIPS LCD CO., LTD.

LG DISPLAY CO. , LTD.

[ﬁ\]ﬂiﬁﬁk PARK JOON KYU
KA PARK, JOON-KYU
IPCo S G09G3/36
CPCH k5 G09G3/3614 G09G3/3648 G09G2300/0426 G09G2300/0443 G09G2300/0823 G09G2310/06
wE R (1B i
BEwE R (1¥) PHAM , LONG
L&A 1020040115626 2004-12-29 KR
H N FF sk US20060139281A1
SNEBEEE Espacenet USPTO
HE(B) Y
_ TIMING CONTROL 120
WRETRBEAEENREET ATFAE-—NE_RMES  F12 | "
MR — R, RIEEIT N S — R/ E RIS S MR BT IR P mcm“4w1 T hr
REMITHEREEREES, SEMRLENIERFBEERLTIMY
EiRE, SMRESEREFRBFIERRLE | ERMRENEIES ST " | |
Mg E R MR E, BRI % AR IR M A R 2 T R AR e

FEEHEF-—NE_—EGBENRY , AREIE —NE _HIEHE— et (= ][ ¢ p ||
MFE—RBBERHAF -—NFEIFHER. 752,

[

sua | T

—SHl

A4



https://share-analytics.zhihuiya.com/view/43301e22-4468-40f4-bb16-ef62bc23f8d4
https://worldwide.espacenet.com/patent/search/family/036610851/publication/US7825886B2?q=US7825886B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7825886.PN.&OS=PN/7825886&RS=PN/7825886

