US008344984B2

a2 United States Patent

Min et al.

(10) Patent No.: US 8,344,984 B2
45) Date of Patent: Jan. 1, 2013

(54) LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

(75) Inventors: Woongki Min, Daegu (KR); Hongsung
Song, Kyungbuk (KR); Donghak Lee,
Kyungbuk (KR)

(73) Assignee: LG Display Co., Ltd., Seoul (KR)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 410 days.

(21) Appl. No.: 12/647,914

(22) Filed: Dec. 28, 2009

(65) Prior Publication Data
US 2010/0231564 Al Sep. 16, 2010

(30) Foreign Application Priority Data
Mar. 11,2009  (KR) .ooveverevieeeeees 10-2009-0020658
(51) Int.Cl
G09G 3/36 (2006.01)
(52) US.CL ..o 345/96; 345/99; 345/209
(58) Field of Classification Search ................... 345/96,
345/99, 209
See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS
2005/0151752 AL*  7/2005 Phan .....c.cocoienne 345/589
2005/0168425 Al 8/2005 Takada et al.
2006/0012593 Al*  1/2006 Iriguchietal. ............ 345/204
2006/0256054 A1 11/2006 Baek
2007/0030236 A1*  2/2007 Kimetal ..o, 345/98

FOREIGN PATENT DOCUMENTS

CN 1648980 A 8/2005
CN 1862646 A 11/2006
Jp 9015560 A 1/1997
Jp 11282434 A 10/1999
Jp 2002062855 A 2/2002
Jp 2005189820 A 7/2005
Jp 2005266803 A 9/2005
Jp 2006072391 A 3/2006
Jp 2006126475 A 5/2006
Jp 2008076416 A 4/2008
Jp 2008242144 10/2008
OTHER PUBLICATIONS

Japanese Office Action (Patent Application No. 2009-290280) dated
Mar. 5, 2012, with English translation.
Chinese Office Action dated Jan. 31, 2012, with English translation.

* cited by examiner

Primary Examiner — Amr Awad
Assistant Examiner — Jonathan Boyd

(74) Attorney, Agent, or Firm — Morgan, Lewis & Bockius
LLP

7) ABSTRACT

A liquid crystal display and a method of driving the same are
provided. The liquid crystal display includes a liquid crystal
display panel including data lines, gate lines crossing the data
lines, and liquid crystal cells and having a quad type pixel
structure in which red, green, blue, and white subpixels con-
stitute one pixel, a logic circuit sequentially outputting polar-
ity control signals, a data drive circuit that inverts a polarity of
a data voltage in response to the polarity control signals to
supply the data voltage with the inverted polarity to the data
lines, and a gate drive circuit sequentially supplying gate
pulses to the gate lines. A logic level of each of the polarity
control signals is inverted every three horizontal periods, and
phases of the polarity control signals are different from one
another.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

This application claims the benefit of Korea Patent Appli-
cation No. 10-2009-0020658 filed on Mar. 11, 2009, the
entire contents of which is incorporated herein by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to a liquid crystal
display having a quad type pixel structure including red,
green, blue, and white subpixels and a method of driving the
same.

2. Discussion of the Related Art

Active matrix type liquid crystal displays display a moving
picture using a thin film transistor (TFT) as a switching ele-
ment. The active matrix type liquid crystal displays have been
implemented in televisions as well as display devices in por-
table devices, such as office equipment and computers,
because of the thin profile of an active matrix type liquid
crystal displays. Accordingly, cathode ray tubes (CRT) are
being rapidly replaced by active matrix type liquid crystal
displays.

As shown in FIG. 1, because a liquid crystal display
switches a data voltage supplied to liquid crystal cells Cle
using a thin film transistor TFT formed in each of the liquid
crystal cells Cle to actively control data, the image quality of
amoving picture can increase. In FIG. 1, a reference numeral
Cstindicates a storage capacitor for keeping a charging volt-
age of the liquid crystal cell Clc at the data voltage, DL a data
line to which the data voltage is supplied, and GL a scan line
to which a scan voltage is supplied.

The liquid crystal display is driven in an inversion manner
in which polarities of the neighboring liquid crystal cells Clc
are opposite to each other and polarities of the neighboring
liquid crystal cells Clc are inverted every 1 frame period, so as
to reduce direct current (DC) offset components and to reduce
the degradation of liquid crystals. In the inversion manner, if
the data voltage with a predetermined polarity is dominantly
supplied to the liquid crystal cell Clc for a long time, image
sticking occurs in the liquid crystal display. In the invention,
because the image sticking occurs by repeatedly charging the
liquid crystal cells Clc to a voltage with the same polarity, the
image sticking is called direct current (DC) image sticking.
For example, in case the data voltage is supplied to the liquid
crystal cells Clc in an interlaced manner, the DC image stick-
ing occurs. In the interlaced manner, the data voltage is sup-
plied to the liquid crystal cells of only odd-numbered hori-
zontal lines during odd-numbered frame periods, and the data
voltage is supplied to the liquid crystal cells of only even-
numbered horizontal lines during even-numbered frame peri-
ods.

FIG. 2 is a waveform diagram showing an example of the
data voltage supplied to the same liquid crystal cells Clc in an
interlaced manner during 1st to 4th frame periods.

As shown in FIG. 2, a positive data voltage is supplied to
the liquid crystal cells Clc during odd-numbered frame peri-
ods, and a negative data voltage is supplied to the liquid
crystal cells Cle during even-numbered frame periods. In the
interlaced manner, a high positive data voltage is supplied to
the liquid crystal cells Clc of the odd-numbered horizontal
lines during only the odd-numbered frame periods. There-
fore, as can be seen from the waveform diagram in a box area
of FIG. 2, because the positive data voltage is supplied more
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dominantly than the negative data voltage during 4 frame
periods, the DC image sticking appears.

FIG. 3 illustrates an experimental result of DC image stick-
ing resulting from interlaced data. If an original image shown
ataleft side of FIG. 3 is displayed on the liquid crystal display
in the interlaced manner for a predetermined period of time,
the data voltage supplied to the liquid crystal cells Cle
changes as shown in FIG. 2. As a result, after the predeter-
mined period oftime elapsed, if the data voltage with a middle
gray level, for example, the data voltage with 127-gray level
is supplied to the liquid crystal cells Clc of the entire screen,
the original image is dimly displayed like an image shown at
aright side of FIG. 3. Namely, the DC image sticking appears.

As another example of the DC image sticking, as shown in
FIG. 4, if the same image moves or is scrolled at a predeter-
mined speed, voltages of the same polarity are repeatedly
accumulated on the liquid crystal cells Clc depending on a
relationship between the size and a scrolling speed (moving
speed) of the scrolled image. Hence, the DC image sticking
may appear. FIG. 4 illustrates an experimental result of the
DC image sticking appearing when an image having an
oblique line pattern and a character pattern moves at a prede-
termined speed.

SUMMARY OF THE INVENTION

Embodiments of the invention provide a liquid crystal dis-
play and a method of driving the same capable of increasing
display quality by preventing DC image sticking.

In one aspect, there is a liquid crystal display comprising a
liquid crystal display panel including a plurality of data lines,
aplurality of gate lines crossing the data lines, and a plurality
of liquid crystal cells, the liquid crystal display panel having
a quad type pixel structure in which red, green, blue, and
white subpixels constitute one pixel, a logic circuit that
sequentially outputs a plurality of polarity control signals,
wherein a logic level of each of the polarity control signals is
inverted every three horizontal periods, and phases of the
polarity control signals are different from one another, a data
drive circuit that inverts a polarity of a data voltage in
response to the polarity control signals received from the
logic circuit to supply the data voltage with the inverted
polarity to the data lines, and a gate drive circuit that sequen-
tially supplies gate pulses to the gate lines.

In another aspect, there is a method of driving a liquid
crystal display including a liquid crystal display panel that
includes a plurality of data lines, a plurality of gate lines
crossing the data lines, and a plurality of liquid crystal cells
and has a quad type pixel structure in which red, green, blue,
and white subpixels constitute one pixel, the method com-
prising sequentially outputting a plurality of polarity control
signals, wherein a logic level of each of the polarity control
signals is inverted every three horizontal periods, and phases
of the polarity control signals are different from one another,
inverting a polarity of a data voltage in response to the polar-
ity control signals to supply the data voltage with the inverted
polarity to the data lines, and sequentially supplying gate
pulses to the gate lines.

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:
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FIG. 1 is an equivalent circuit diagram of a liquid crystal
cell of a liquid crystal display:

FIG. 2 is a waveform diagram illustrating an example of an
interlaced manner;

FIG. 3 illustrates an experimental result of DC image stick-
ing resulting from interlaced data;

FIG. 4 illustrates an experimental result of DC image stick-
ing resulting from scrolling data;

FIG. 5 is a block diagram illustrating an exemplary con-
figuration of a liquid crystal display according to an embodi-
ment of the invention;

FIG. 6 is an equivalent circuit diagram illustrating quad
type pixels in a pixel array of a liquid crystal display panel;

FIG. 7 is a block diagram illustrating a logic circuit;

FIG. 8 is a block diagram illustrating a POL selection
circuit;

FIG. 9 is a waveform diagram illustrating polarity control
signals;

FIG. 10 is a block diagram illustrating a data drive inte-
grated circuit (IC);

FIG. 11 is a circuit diagram illustrating a digital-to-analog
converter;

FIG. 12 is a circuit diagram illustrating a gate drive IC;

FIG. 13 1s adiagram for explaining a principle in which DC
image sticking in scrolling data is prevented through a
method of driving the liquid crystal display according to the
embodiment of the invention;

FIG. 14 is a waveform diagram illustrating DC prevention
of liquid crystals in interlaced data;

FIG. 15 illustrates an example where a data voltage, whose
a polarity is inverted in vertical 2 dot and horizontal 1 dot
inversion manners, is supplied to a liquid crystal display
having a quad type pixel structure;

FIG. 16 illustrates an example where a data voltage, whose
a polarity is inverted in vertical 1 dot and horizontal 2 dot
inversion manners, is supplied to a liquid crystal display
having a quad type pixel structure; and

FIGS. 17A to 17D illustrate changes in polarities of data
voltages supplied to liquid crystal cells of the liquid crystal
display shown in FIG. 5 during N-th to (N+3)th frame peri-
ods.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail embodiments of the
invention examples of which are illustrated in the accompa-
nying drawings.

FIGS. 5to 12 illustrate a liquid crystal display according to
an embodiment of the invention.

As shown in FIGS. 5 and 6, a liquid crystal display accord-
ing to an embodiment of the invention includes a liquid crys-
tal display panel 10, a video source 15, a data conversion
circuit 16, a timing controller 11, a logic circuit 12, a data
drive circuit 13, and a gate drive circuit 43.

The liquid crystal display panel 10 includes an upper glass
substrate, a lower glass substrate, and a liquid crystal layer
between the upper and lower glass substrates. The lower glass
substrate ofthe liquid crystal display panel 10 includes m data
lines D1 to Dm (where m is a positive integer) and n gate lines
G1 to Gn (where n is a positive integer) crossing each other.
The liquid crystal display panel 10 includes mxn liquid crys-
tal cells Cle arranged at each of crossings of the m data lines
D1 to Dm and the n gate lines G1 to Gnina matrix format. The
lower glass substrate further includes a thin film transistor
TFT, a pixel electrode 1 of the liquid crystal cell Clc con-
nected to the thin film transistor TFT, and a storage capacitor
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Cst, and the like. The storage capacitor Cst may be imple-
mented as a storage-on-gate type storage capacitor or a stot-
age-on-common type storage capacitor.

The upper glass substrate of the liquid crystal display panel
10 includes a black matrix, a color filter, and a common
electrode 2. The common electrode 2 is formed on the upper
glass substrate in a vertical electric drive manner, such as a
twisted nematic (TN) mode and a vertical alignment (VA)
mode. The common electrode 2 and the pixel electrode 1 are
formed on the lower glass substrate in a horizontal electric
drive manner, such as an in-plane switching (TPS) mode and
a fringe field switching (FFS) mode. Polarizing plates each
having optical axes that cross at a right angle are attached
respectively to the upper and lower glass substrates. Align-
ment layers for setting a pre-tilt angle of the liquid crystals in
an interface contacting the liquid crystals are respectively
formed on the upper and lower glass substrates.

As shown in FIG. 6, a pixel array of the liquid crystal
display panel 10 includes a plurality of quad type pixels
QPXL arranged in a matrix format. In FIG. 6, PE indicates a
pixel electrode of the liquid crystal cell Cle. Each of the quad
type pixels QPXL includes G and B subpixels on an odd-
numbered display line and W and R subpixels on an even-
numbered display line. Each of the subpixels R, G, B, and W
of the quad type pixels QPXL has a configuration of an
equivalent circuit indicated in a circle of F1IG. 5. A green color
filter transmitting green light is formed in the G subpixel, a
blue color filter transmitting blue light is formed in the B
subpixel, and a red color filter transmitting red light is formed
in the R subpixel. A color filter is not formed in the W
subpixel. An organic or inorganic transparent layer transmit-
ting light of all of wavelengths may be formed in the W
subpixel.

The G subpixel includes a liquid crystal cell charged to a
green data voltage received from odd-numbered data lines D1
and D3, and the B subpixel includes a liquid crystal cell
charged to a blue data voltage received from even-numbered
datalines D2 and D4. The W subpixel includes aliquid crystal
cell charged to a white data voltage received from the odd-
numbered data lines D1 and D3, and the R subpixel includes
a liquid crystal cell charged to a red data voltage received
from the even-numbered data lines D2 and D4. Accordingly,
in the pixel array of the liquid crystal display panel 10, the G
subpixel charged to the green data voltage from the odd-
numbered data lines D1 and D3 and the B subpixel charged to
the blue data voltage from the even-numbered data lines D2
and D4 are alternately positioned on the odd-numbered dis-
play lines in a repeated manner. Further, in the pixel array of
the liquid crystal display panel 10, the W subpixel charged to
the white data voltage from the odd-numbered data lines D1
and D3 and the R subpixel charged to the red data voltage
from the even-numbered data lines D2 and D4 are alternately
positioned on the even-numbered display lines in a repeated
manner.

The video source 15 includes a broadcasting signal receiv-
ing circuit, an external equipment interface circuit, a graphic
processing circuit, a line memory, and the like. The video
source 15 extracts video data from an image source received
from a broadcasting signal or an external equipment and
converts the video data into digital data to supply the digital
data to the timing controller 11. Interlaced data the video
source 15 receives is stored in the line memory and then is
supplied to the data conversion circuit 16 through an inter-
face, such as a low voltage differential signaling (LVDS)
interface and a transition minimized differential signaling
(TMDS) interface. An interlaced image signal exists in only
odd-numbered lines during odd-numbered frame periods and
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exists in only even-numbered lines during even-numbered
frame periods. Accordingly, if the video source 15 receives
interlaced data through the broadcasting signal receiving cir-
cuit, the video source 15 generates data of even-numbered
lines during odd-numbered frame periods, in which data is
not supplied to the even-numbered lines, and data of odd-
numbered lines during even-numbered frame periods, in
which data is not supplied to the odd-numbered line, using an
average value of data or a black data value stored in the line
memory during a previous frame period. Timing signals, such
as vertical and horizontal sync signals Vsync and Hsync, a
data enable signal DE, and a clock signal CLK generated by
the video source 15 are supplied to the timing controller 11
through an interface, such as the LVDS interface and the
TMDS interface.

The data conversion circuit 16 calculates a gain of white
data through a predetermined white gain calculation algorism
using data of three primary colors including red, green, and
blue digital video data received from the video source 15 to
produce the white data. The data conversion circuit 16 sup-
plies red, green, blue, and white digital video data (hereinaf-
ter, referred to as RGBW data) to the timing controller 11.
Any well-known white gain calculation algorism may be
used. Examples of well-known white gain calculation algor-
ism are disclosed in Korea Patent Application Nos. 10-2005-
0039728 (May 12, 2005), 10-2005-0052906 (Jun. 20, 2005),
10-2005-0066429 (Jul. 21, 2005), and 10-2006-0011292
(Feb. 6, 2006) already filed by the present applicant.

The timing controller 11 divides RGBW data RGBW
received from the data conversion circuit 16 into odd pixel
data RGBWodd and even pixel data RGBWeven so as to
lower a transmission frequency of digital video data. The
timing controller 11 supplies the data RGBWodd and RGBW-
even to the data drive circuit 13 through 6 data buses in a mini
LVDS interface manner in synchronization with timing con-
trol signals for controlling operation timing of the data drive
circuit 13 and operation timing of the gate drive circuit 14.
The timing controller 11 receives the timing signals, such as
the vertical and horizontal sync signals Vsync and Hsync, the
data enable signal DE, and the clock signal CLK from the
video source 15 and generates timing control signals for
controlling operation timings of the data drive circuit 13, the
gate drive circuit 14, and the logic circuit 12. The timing
control signals generated by the timing controller 11 include
a data timing control signal for controlling the operation
timing of the data drive circuit 13 and a gate timing control
signal for controlling the operation timing of the gate drive
circuit 14. The gate timing control signal includes a gate start
pulse GSP, a gate shift clock signal GSC, a gate output enable
signal GOE, and the like. The gate start pulse GSP controls a
start horizontal line of a scan operation during 1 vertical
period in which one screen is displayed. The gate shift clock
signal GSC is a clock signal that is input to a shift resistor
inside the gate drive circuit 14 to sequentially shift the gate
start pulse GSP. The gate output enable signal GOE controls
output timing of the gate drive circuit 14. The data timing
control signal includes a source start pulse SSP, a source
sampling clock signal SSC, a source output enable signal
SOE, and first and second polarity control signals POL1 and
POL2. The source start pulse SSP controls a start pixel in 1
horizontal line to which data will be displayed. The source
sampling clock signal SSC controls a data latch operation
inside the data drive circuit 13 based on a rising or falling
edge. The source output enable signal SOE controls output
timing of the data drive circuit 13. Each of the first and second
polarity control signals POL1 and POL2 allows a data voltage
of the same polarity to be sequentially supplied to the liquid
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crystal cells Clc on three neighboring display lines and con-
trols a polarity of the data voltage to be supplied to the liquid
crystal cells Clc so that a polarity of the data voltage supplied
to the liquid crystal cells Cle is inverted every three display
lines. For this, as shown in FIG. 9, a logic level of each of the
first and second polarity control signals POL1 and POL2 is
inverted every about 3 horizontal periods, and there is a phase
difference of about 1 horizontal period between the first and
second polarity control signals POL1 and POL2.

The logic circuit 12 receives the gate start pulse GSP and
decides a frame period of a presently displayed image. As
shown in FIG. 9 and FIGS. 17A to 17D, the logic circuit 12
sequentially outputs a plurality of polarity control signals
POL1, POL2,/POL1, and /POL2 that have the same logic
inversion period and different phases.

The logic circuit 12 and the data conversion circuit 16 may
be installed inside the timing controller 11.

The data drive circuit 13 has a circuit configuration shown
in FIGS. 10 and 11 and includes a plurality of cascade-
connected data drive integrated circuits (ICs). The data drive
circuit 13 latches the RGBW data RGBWodd and RGBW-
even under the control of the timing controller 11 and con-
verts the RGBW data RGBWodd and RGBWeven into analog
positive and negative gamma compensation voltages to gen-
erate the analog positive and negative gamma compensation
voltages. The data drive circuit 13 converts a polarity of the
data voltage in response to the polarity control signal POL
from the logic circuit 12 and supplies a positive RGBW data
voltage and a negative RGBW data voltage to the data lines
D1 to Dm.

The gate drive circuit 14 has a circuit configuration shown
in FI1G. 12 and includes a plurality of cascade-connected gate
drive ICs. The gate drive circuit 14 sequentially outputs gate
pulses (i.e., scan pulses) each having a pulse width of about 1
horizontal period under the control of the timing controller
11. Accordingly, the gate drive circuit 14 sequentially sup-
plies the gate pulses to the gate lines G1 to Gn of the liquid
crystal display panel 10. The TFTs of the pixel array of the
liquid crystal display panel 10 are turned on in response to the
gate pulses from the gate lines G1 to Gn to supply the data
voltage from the data lines D1 to Dm to the pixel electrodes 1.
For this, gate electrodes, source electrodes, and drain elec-
trodes of the TFTs are connected to the gate lines G1 to Gn,
the data lines D1 to Dm, and the pixel electrodes 1, respec-
tively.

The liquid crystal display applicable to the invention may
be implemented in any liquid crystal mode as well as the TN,
VA, IPS, and FFS modes. The liquid crystal display according
to the invention may be implemented in any type liquid crys-
tal display including a backlit liquid crystal display, a trans-
flective liquid crystal display, and a reflective liquid crystal
display. A backlight unit that is omitted in the drawings is
necessary in the backlit liquid crystal display and the trans-
flective liquid crystal display.

FIGS. 7 and 8 are circuit diagrams of the logic circuit 12.

As shown in FIGS. 7 and 8, the logic circuit 12 includes a
frame counter 71 and a POL selection circuit 73.

The frame counter 71 outputs a frame count information
Fent indicating a number of frame periods of an image to be
displayed on the liquid crystal display panel 10 in response to
the gate start pulse GSP that is once generated during 1 frame
period and is generated simultaneous with a start of 1 frame
period.

The POL selection circuit 73 sequentially outputs the 4
polarity control signals POL1, POL2, /POL1, and /POL2,
which rotate every 4 frame periods, depending on the frame
count information Fent. The polarity control signals POL1,
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POL2, /POL1, and /POL2 include a first polarity control
signal POL1 controlling a polarity of the data voltage output
by the data drive circuit 13 during an N-th frame period
(where N is a positive integer), a second polarity control
signal POL2 controlling a polarity of the data voltage output
by the data drive circuit 13 during an (N+1)th frame period, a
first inversion polarity control signal /POL1 controlling a
polarity of the data voltage output by the data drive circuit 13
during an (N+2)th frame period, and a second inversion polar-
ity control signal /POL2 controlling a polarity of the data
voltage output by the data drive circuit 13 during an (N+3)th
frame period. The polarity control signals POLI1,
POL2, /POL1, and /POL2 control a polarity of the data volt-
age supplied to the liquid crystal cells Clc and have an opti-
mum phase obtained by repeatedly conducting an experiment
on the liquid crystal display panel 10 having the quad type
pixel structure, so that DC image sticking, flicker, and color
distortion are not generated in the liquid crystal display panel
10 having the quad type pixel structure shown in FIG. 6.
Specifically describing the polarity control signals POL1,
POL2, /POL1, and /POL2 each having the optimum phase
through the experiments, as shown in FIG. 9, a phase of the
second polarity control signal POL2 generated subsequent to
the first polarity control signal POL1 is more delayed than a
phase of the first polarity control signal POL1 by about 1
horizontal period. Further, a phase of the first inversion polar-
ity control signal /POL1 generated subsequent to the second
polarity control signal POL2 is more delayed than a phase of
the second polarity control signal POL2 by about 2 horizontal
periods, and a phase of the second inversion polarity control
signal POL 2 generated subsequent to the first inversion polar-
ity control signal /POL1 is more delayed than a phase of the
first inversion polarity control signal /POL1 by about 1 hori-
zontal period. A phase of the first polarity control signal
POL1 again generated subsequent to the second inversion
polarity control signal /POL2 is more delayed than a phase of
the second inversion polarity control signal /POL2 by about 2
horizontal periods.

The POL selection circuit 73 includes first and second
inverters 81 and 82, a frame controller 83, a multiplexer 84,
and the like, and generates polarity control signals shown in
FIG. 9 and FIGS. 17A to 17D.

The first inverter 81 inverts the first polarity control signal
POL1 to generate the first inversion polarity control signal /
POL1 that is out of phase with the first polarity control signal
POL1. The second inverter 82 inverts the second polarity
control signal POL2 to generate the second inversion polarity
control signal /POL2 that is out of phase with the second
polarity control signal POL2.

The frame controller 83 receives the frame count informa-
tion Fent from the frame counter 71 and decides a frame
period of a presently displayed image. The frame controller
83 generates a selection signal for controlling the multiplexer
84 depending on a decision result of the frame period.

As shown in FIGS. 17A to 17D, the multiplexer 84 supplies
the first polarity control signal POL1 to the data drive circuit
13 during an N-th frame period and then supplies the second
polarity control signal POL2 to the data drive circuit 13
during an (N+1)th frame period under the control of the frame
controller 83. Subsequently, the multiplexer 84 supplies the
first inversion polarity control signal /POL1 to the data drive
circuit 13 during an (N+2)th frame period and then supplies
the second inversion polarity control signal /POL2 to the data
drive circuit 13 during an (N+3)th frame period under the
control of the frame controller 83.

FIGS. 10 and 11 are circuit diagrams illustrating data drive
1Cs.
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As shown in FIGS. 10 and 11, each of data drive ICs 13A
drives k data lines (k is a positive integer smaller than m) and
includes a shift register 101, a data restoring unit 102, a first
latch array 103, a second latch array 104, a digital-to-analog
converter (DAC) 105, a charge share circuit 106, and an
output circuit 107.

The data restoring unit 102 restores the digital video data
RGBWodd and RGBWeven received from the timing control-
ler 11 in the mini LVDS manner to supply the digital video
data RGBWodd and RGBeven to the first latch array 103.

The shift register 101 shifts sampling signals depending on
the source sampling clock signal SSC. When data exceeding
a number of latch operations in the first latch array 103 is
supplied, the shift register 101 generates a carry signal CAR.

The first latch array 103 samples and latches the digital
video data RGBWodd and RGBWeven from the data restor-
ing unit 102 in response to the sampling signals sequentially
received from the shift register 101 and then simultaneously
outputs the digital video data RGBWodd and RGBWeven.

The second latch array 104 latches the digital video data
RGBWodd and RGBWeven received from the first latch array
103. Then, the second latch array 104 and the second latch
arrays 104 of the other data drive ICs 13A simultaneously
output the latched digital video data RGBWodd and RGBW-
even during a low logic period of the source output enable
signal SOE.

The DAC 105, as shown in FIG. 11, includes a P-decoder
111 receiving the positive gamma compensation voltage, an
N-decoder 112 receiving the negative gamma compensation
voltage, and multiplexers 1131, 1132, 1141, and 1142 select-
ing an output of the P-decoder 111 and an output of the
N-decoder 112.

The P-decoder 111 decodes data received from the second
latch array 104 and outputs a positive gamma compensation
voltage GH corresponding to a gray level of the data as the
data voltage. The N-decoder 112 decodes data received from
the second latch array 104 and outputs a negative gamma
compensation voltage GL corresponding to a gray level ofthe
data as the data voltage.

The multiplexers 1131, 1132, 1141, and 1142 include a
first multiplexer 1131 selecting a data voltage to be supplied
to (41+1)th datalines D1, D5, .. ., Dm-3 (where s an integer
equal to or greater than 0), a second multiplexer 1132 select-
ing a data voltage to be supplied to (4i+2)th data lines D2,
D6, . . ., Dm-2, a third multiplexer 1141 selecting a data
voltage to be supplied to (4i+3)th data lines D3, D7, . . .,
Dm-1, and a fourth multiplexer 1142 selecting a data voltage
to be supplied to (4i+4)th data lines D4, D8, . . ., Dm. While
the polarity control signal POL received from the logic circuit
12 is input to control terminals of the first and second multi-
plexers 1131 and 1132 without an inversion, the polarity
control signal POL received from the logic circuit 12 is
inverted and then input to control terminals of the third and
fourth multiplexers 1141 and 1142. Accordingly, the first and
second multiplexers 1131 and 1132 alternately select the
positive data voltage and the negative data voltage output by
the P-decoder 111 and the N-decoder 112 every about 3
horizontal periods in response to the polarity control signal
POL. On the other hand, the third and fourth multiplexers
1141 and 1142 alternately select the positive data voltage and
the negative data output by the P-decoder 111 and the N-de-
coder 112 every about 3 horizontal periods in response to the
inverted polarity control signal POL. As a result, a polarity of
the data voltage supplied to the (4i+1)th and (4i+2)th data
lines is opposite to a polarity of the data voltage supplied to
the (4i+3)th and (4i+4)th data lines.
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The charge share circuit 106 shorts neighboring data out-
put channels to output an average value of the neighboring
data voltages as a charge share voltage during a high logic
period of the source output enable signal SOE. Otherwise,
during the high logic period of the source output enable signal
SOE, the charge share circuit 106 supplies a common voltage
Vcom to data output channels to reduce a change in a sharp
swing width between the positive and negative data voltages
to be supplied to the data lines D1 to Dm. The output circuit
107 minimizes a signal attenuation of the data voltage sup-
plied to the data lines D1 to Dm using a buffer.

FIG. 12 is a circuit diagram illustrating the gate drive IC.

As shown in FIG. 12, a gate drive IC 14A includes a shift
register 120, a level shifter 122, a plurality of AND gates 121
connected between the shift register 120 and the level shifter
122, and an inverter 123 inverting the gate output enable
signal GOE.

The shift register 120 sequentially shifts the gate start pulse
GSP depending on the gate shift clock signal GSC using a
plurality of cascade-connected D flip-flops. Each of the AND
gates 121 implements AND operation on an output signal of
the shift register 120 and an inversion signal of the gate output
enable signal GOE to generate an output. The inverter 123
inverts the gate output enable signal GOE and supplies the
inverted gate output enable signal GOE to the AND gates 121.
Accordingly, the gate drive IC 14A outputs a high logic
voltage of the gate pulse during a low logic period of the gate
output enable signal GOE.

The level shifter 122 shifts a swing width of an output
voltage of the AND gates 121 within the range of an operation
voltage of the TFTs in the pixel array of the liquid crystal
display panel 10. Output signals G1 to Gk of the level shifter
122 are sequentially supplied to the k gate lines. The level
shifter 122 is positioned in the front of the shift register 120,
and the shift register 120 may be directly positioned on the
glass substrate of the liquid crystal display panel 10.

FIGS. 13 and 14 are diagrams explaining a principle in
which the DC image sticking and the flicker are prevented in
the liquid crystal display according to the embodiment of the
invention.

As shown in FIGS. 13 and 14, in the embodiment of the
invention, inversion time points of polarities of the data volt-
ages supplied to the neighboring liquid crystal cells are dif-
ferent from one another using the polarity control signal POL
shown in FIG. 9. The liquid crystal cells Clc includes a first
liquid crystal cell group charged to the data voltages having
the same polarity as a polarity of the data voltages, that were
charged during a previous frame period, during a current
frame period and a second liquid crystal cell group charged to
the data voltages having a polarity opposite a polarity of the
data voltages, that were charged during the previous frame
period, during the current frame period. Accordingly, liquid
crystal cells belonging to the first liquid crystal cell group are
charged to the data voltages having the same polarity during
two frame periods. On the other hand, a polarity of the data
voltage supplied to liquid crystal cells belonging to the sec-
ondliquid crystal cell group is inverted once during two frame
periods. A location of the liquid crystal cells belonging to the
first liquid crystal cell group and a location of the liquid
crystal cells belonging to the second liquid crystal cell group
change as shown in FIGS. 17A to 17D.

When a video signal is supplied to the liquid crystal display
panel 10 in the interlaced manner, the liquid crystal cells Clc
are charged to the data voltage having a polarity shown in
FIG. 14.

When interlaced data, in which a high data voltage is sup-
plied to the liquid crystal cells during odd-numbered frame
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periods, is to be displayed on the liquid crystal display, as
shown in FIG. 14, the liquid crystal cells of the first and
second liquid crystal cell groups are charged to the data
voltage whose a polarity is inverted every 2 frame periods. As
a result, as shown in a box area of FIG. 14, the positive data
voltages supplied to the liquid crystal cells during N-th and
(N+1)th frame periods and the negative data voltages sup-
plied to the same liquid crystal cells during (N+2)th and
(N+3)th frame periods are neutralized with each other, and
thus a polarity bias of the data voltages does not appear in the
liquid crystal cells. The polarity bias means that the liquid
crystal cells are more dominantly charged to the data voltages
with one polarity of two polarities than the data voltages with
the other polarity. For example, the liquid crystal cells are
dominantly charged to the positive data voltages or the nega-
tive data voltages. Accordingly, when the interlaced data is
supplied to the liquid crystal display according to the embodi-
ment of the invention, DC image sticking can be prevented by
preventing a DC phenomenon of liquid crystals.

When scrolling data, in which a symbol or a character
moves at a speed of 8-pixel every 1 frame period, is to be
displayed on the liquid crystal display, a voltage of the liquid
crystal cells is inverted every 2 frame periods. Accordingly, in
the scrolling data, in which a symbol or a character moves at
a constant speed, the DC image sticking appearing by accu-
mulating the data voltages with the same polarity can be
prevented by periodically inverting a polarity of the data
voltage supplied to the liquid crystal cells.

While the DC image sticking is prevented in the first liquid
crystal cell group, the flicker may appear in the first liquid
crystal cell group because the data voltages of the same polar-
ity are supplied to the liquid crystal cells Clc every 2 frame
periods. Because the data voltages whose polarities are
inverted every 1 frame period are supplied to theliquid crystal
cells Cle of the second liquid crystal cell group, the flicker
generated in the first liquid crystal cell group can be mini-
mized. This is because if a user watches the liquid crystal
display, in which the first and second liquid crystal cell groups
each having a different driving frequency exist together, with
his or her eyes sensitive to changes, the user perceives the
driving frequency of the second liquid crystal cell group
greater than the driving frequency of the first liquid crystal
cell group as the driving frequency of the first liquid crystal
cell group.

If a liquid crystal display panel having a general pixel
structure composed of three primary colors is driven in an
inversion manner, flicker and color distortion of the liquid
crystal display panel are reduced to the minimum in horizon-
tal and vertical directions of the liquid crystal display panel.
Therefore, it is preferable that a horizontal 1 dot and vertical
1 dot inversion manners are used. However, in the quad type
liquid crystal display according the embodiment of the inven-
tion, if polarities of the data voltages change in a horizontal 1
dot inversion manner or a vertical 1 dot inversion manner,
flicker and color distortion may appear because of the polarity
bias of the data voltages even if the phase of the polarity
control signal change every 1 frame period as shown in FIG.
9. This is described with reference to FIGS. 15 and 16.

When liquid crystal cells are charged to positive and nega-
tive data voltages of the same gray level, charging amounts of
the positive and negative data voltages are different from each
other because of akickback voltage resulting from a parasitic
capacitance of the TFT. Generally, a charging amount of the
negative data voltage is greater than a charging amount of the
positive data voltage. Considering such a difference, as
shown in FIG. 15, if data voltages, whose polarities are
inverted in vertical 2 dot and horizontal 1 dot inversion man-
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ners, are supplied to liquid crystal cells of a liquid crystal
display panel having a quad type pixel structure, a magenta
image, in which blue and red are relatively strongly shown, is
displayed on display lines Line #1, Line #2, Line #5, and Line
#6. On the other hand, a greenish image, in which green and
white are relatively strongly shown, is displayed on display
lines Line #3 and Line #4. Namely, the color distortion may
appear. Further, because green and white are relatively
strongly shown in the display lines Line #3 and Line #4, a
luminance in the display lines Line #3 and Line #4 is greater
than a luminance in the display lines Line #1, Line #2, Line
#5, and Line #6. Hence, the flicker may appear every two
display lines. Namely, the color distortion and the flicker
appear because the liquid crystal cells of the same color
subpixels on the same display line are charged to the data
voltages with the same polarity.

As shown in FIG. 16, if data voltages, whose polarities are
inverted in vertical 1 dot and horizontal 2 dot inversion man-
ners, are supplied to liquid crystal cells of a liquid crystal
display panel having a quad type pixel structure, liquid crystal
cells of the same color subpixels in the same column are
charged to the data voltages with the same polarity. As a
result, while a greenish image is displayed in odd-numbered
columns, a magenta image is displayed in even-numbered
columns. Namely, the color distortion appears and the flicker
may appear every two columns.

To simultaneously solve the color distortion and the flicker
illustrated in FIGS. 15 and 16 while the DC image sticking is
prevented, the liquid crystal display according to the embodi-
ment of the invention controls polarities of the data voltages
supplied to the liquid crystal cells of the quad type liquid
crystal display panel through a method illustrated in FIGS.
17A to 17D using the polarity control signals POL1, POL2,/
POL1, and /POL2 illustrated in FIG. 9.

As shown in FIG. 174, the logic circuit 12 supplies the first
polarity control signal POL1 to the data drive circuit 13
during an N-th frame period. As a result, the data drive circuit
13 controls polarities of the data voltages supplied to the data
lines D1 to Dm of the liquid crystal display panel having the
quad type pixel structure in conformity with a polarity pattern
shown in FIG. 17A during the N-th frame period.

Polarities of the data voltages supplied to the liquid crystal
cells are inverted in vertical 3 dot and horizontal 2 dot inver-
sion manners. The polarities of the data voltages supplied to
the liquid crystal cells change from a polarity pattern shown
in FIG. 17D to a polarity pattern shown in FIG. 17A. Accord-
ingly, as can be seen from FIGS. 17A and 17D, during the
N-th frame period, while liquid crystal cells of (6j+1)th and
(6j+4)th display lines Line #1 and Line #4 (where j is an
integer equal to or greater than 0) are driven in conformity
with the first liquid crystal cell group, liquid crystal cells of
(6+2)th, (6j+3)th, (6j+5)th and (6j+6)th display lines Line
#2, Line #3, Line #5, and Line #6 are driven in conformity
with the second liquid crystal cell group. As shown in FIG.
17A, because the data voltages of opposite polarities are
supplied to the liquid crystal cells of the same color subpixels
in the same line and the same column, the polarity bias of the
data voltages scarcely appears. Accordingly, the liquid crystal
display having the quad type pixel structure can display video
data without the DC image sticking, the color distortion, and
the flicker.

As shown in FIG. 17B, the logic circuit 12 supplies the
second polarity control signal POL2 to the data drive circuit
13 during an (N+1)th frame period. As a result, the data drive
circuit 13 controls polarities of the data voltages supplied to
the data lines D1 to Dm of the liquid crystal display panel
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having the quad type pixel structure in conformity with a
polarity pattern shown in FIG. 17B during the (N+1)th frame
period.

Polarities of the data voltages supplied to the liquid crystal
cells are inverted in the vertical 3 dot and horizontal 2 dot
inversion manners. The polarities of the data voltages sup-
plied to the liquid crystal cells change from a polarity pattern
shown in FIG. 17A to a polarity pattern shown in FIG. 17B.
Accordingly, as can be seen from FIGS. 17A and 17B, during
the (N+1)th frame period, while liquid crystal cells of (6j+2)
th, (6j+3)th, (6j+5)th and (6j+6)th display lines Line #2, Line
#3, Line #5, and Line #6 are driven in conformity with the first
liquid crystal cell group, liquid crystal cells of (6j+1)th and
(6j+4)th display lines Line #1 and Line #4 are driven in
conformity with the second liquid crystal cell group. As
shown in FIG. 17B, because the data voltages of opposite
polarities are supplied to the liquid crystal cells of the same
color subpixels in the same line and the same column, the
polarity bias of the data voltages scarcely appears. Accord-
ingly, the liquid crystal display having the quad type pixel
structure can display video data without the DC image stick-
ing, the color distortion, and the flicker.

As shown in FIG. 17C, the logic circuit 12 supplies the first
inversion polarity control signal /POL1 to the data drive cir-
cuit 13 during an (N+2)th frame period. As a result, the data
drive circuit 13 controls polarities of the data voltages sup-
plied to the data lines D1 to Dm of the liquid crystal display
panel having the quad type pixel structure in conformity with
a polarity pattern shown in FIG. 17C during the (N+2)th
frame period.

Polarities of the data voltages supplied to the liquid crystal
cells are inverted in the vertical 3 dot and horizontal 2 dot
inversion manners. The polarities of the data voltages sup-
plied to the liquid crystal cells change from a polarity pattern
shown in FIG. 17B to a polarity pattern shown in FIG. 17C.
Accordingly, as can be seen from FIGS. 17B and 17C, during
the (N+2)th frame period, while liquid crystal cells of (6j+1)
thand (6j+4)th display lines Line #1 and Line #4 are driven in
conformity with the first liquid crystal cell group, liquid crys-
tal cells of (6j+2)th, (6j+3)th, (6j+5)th and (6j+6)th display
lines Line #2, Line #3, Line #5, and Line #6 are driven in
conformity with the second liquid crystal cell group. As
shown in FIG. 17C, because the data voltages of opposite
polarities are supplied to the liquid crystal cells of the same
color subpixels in the same line and the same column, the
polarity bias of the data voltages scarcely appears. Accord-
ingly, the liquid crystal display having the quad type pixel
structure can display video data without the DC image stick-
ing, the color distortion, and the flicker.

As shown in FIG. 17D, the logic circuit 12 supplies the
second inversion polarity control signal /POL2 to the data
drive circuit 13 during an (N+3)th frame period. As a result,
the data drive circuit 13 controls polarities of the data voltages
supplied to the data lines D1 to Dm of the liquid crystal
display panel having the quad type pixel structure in confor-
mity with a polarity pattern shown in FIG. 17D during the
(N+3)th frame period.

Polarities of the data voltages supplied to the liquid crystal
cells are inverted in the vertical 3 dot and horizontal 2 dot
inversion manners. The polarities of the data voltages sup-
plied to the liquid crystal cells change from a polarity pattern
shown in FIG. 17C to a polarity pattern shown in F1G. 17D.
Accordingly, as can be seen from FIGS. 17C and 17D, during
the (N+3)th frame period, while liquid crystal cells of (6j+2)
th, (6j+3)th, (6j+5)th and (6j+6)th display lines Line #2, Line
#3, Line #5, and Line #6 are driven in conformity with the first
liquid crystal cell group, liquid crystal cells of (6j+1)th and



US 8,344,984 B2

13

(6j+4)th display lines Line #1 and Line #4 are driven in
conformity with the second liquid crystal cell group. As
shown in FIG. 17D, because the data voltages of opposite
polarities are supplied to the liquid crystal cells of the same
color subpixels in the same line and the same column, the
polarity bias of the data voltages scarcely appears. Accord-
ingly, the liquid crystal display having the quad type pixel
structure can display video data without the DC image stick-
ing, the color distortion, and the flicker.

As described above, in the liquid crystal display having the
quad type pixel structure and the method of driving the same
according to the embodiments of the invention, because
polarities of the data voltages supplied to the liquid crystal
display are controlled according to the vertical 3 dot and
horizontal 2 dot inversion manners and the phases of the
polarity control signals for controlling the polarities of the
data voltages change every 1 frame period, video data can be
displayed without the DC image sticking, the color distortion,
and the flicker.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the invention. The appearances of such
phrases in various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is
within the purview of one skilled in the art to effect such
feature, structure, or characteristic in connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A liquid crystal display, comprising:

a liquid crystal display panel including a plurality of data

lines, a plurality of gate lines crossing the data lines, and
a plurality of liquid crystal cells, the liquid crystal dis-
play panel including a quad type pixel structure in which
red, green, blue, and white subpixels constitute one
pixel;

alogic circuit that sequentially outputs a plurality of polar-
ity control signals, a logic level of each of the polarity
control signals being inverted every three horizontal
periods, phases of the polarity control signals being
different from one another;

a data drive circuit that inverts a polarity of a data voltage
in response to the polarity control signals received from
the logic circuit to supply the data voltage with the
inverted polarity to the data lines; and

a gate drive circuit that sequentially supplies gate pulses to
the gate lines,

wherein the logic circuit supplies a first polarity control
signal, including a logic level inverted every three hori-
zontal periods, to the data drive circuit during an N-th
frame period (where N is a positive integer), supplies a
second polarity control signal subsequent to the first
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polarity control signal, including a logic level inverted
every three horizontal periods and including a phase
more delayed than a phase of the first polarity control
signal by 1| horizontal period, to the data drive circuit
during an (N+1)th frame period, including a first inver-
sion polarity control signal subsequent to the second
polarity control signal, including a logic level is inverted
every three horizontal periods and including a phase is
more delayed than a phase of the second polarity control
signal by 2 horizontal periods, to the data drive circuit
during an (N+2)th frame period, and supplies a second
inversion polarity control signal subsequent to the first
inversion polarity control signal, including a logic level
is inverted every three horizontal periods and including
aphase is more delayed than a phase of the first inversion
polarity control signal by 1 horizontal period, to the data
drive circuit during an (N+3)th frame period.

2. The liquid crystal display of claim 1, wherein the liquid
crystal cells are charged to the data voltages including polari-
ties are inverted in vertical 3 dot and horizontal 2 dot inversion
manners.

3. The liquid crystal display of claim 1, wherein the logic
circuit includes:

a first inverter that inverts the first polarity control signal to

generate the first inversion polarity control signal;

a second inverter that inverts the second polarity control
signal to generate the second inversion polarity control
signal,

a frame controller that counts a number of frames periods
to generate a selection signal; and

a multiplexer that sequentially supplies the first, second,
first inversion, and second inversion polarity control sig-
nals in the order named to the data drive circuit in
response to the selection signal.

4. The liquid crystal display of claim 1, wherein:

the liquid crystal display panel includes (6j+1)th to (6j+6)
th display lines, where j is an integer equal to or greater
than 0;

liquid crystal cells of the (6j+1)th and (6j+4)th display lines
are charged to the data voltage of the same polarity as a
polarity of the data voltage, to which the liquid crystal
cells of the (6j+1)th and (6j+4)th display lines were
charged during an (N-1)th frame period, during the N-th
frame period; and

liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th, and
(6j+6)th display lines are charged to the data voltage of
a polarity opposite a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the (N-1)th frame period, during the N-th frame period.

5. The liquid crystal display of claim 4, wherein:

the liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th,
and (6j+6)th display lines are charged to the data voltage
of the same polarity as a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the N-th frame period, during the (N+1)th frame period;
and

the liquid crystal cells of the (6j+1)th and (6j+4)th display
lines are charged to the data voltage of a polarity oppo-
site a polarity of the data voltage, to which the liquid
crystal cells of the (6j+1)th and (6j+4)th display lines
were charged during the N-th frame period, during the
(N+1)th frame period.

6. The liquid crystal display of claim 5, wherein:

the liquid crystal cells of the (6j+1)th and (6j+4)th display
lines are charged to the data voltage of the same polarity
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as a polarity of the data voltage, to which the liquid
crystal cells of the (6j+1)th and (6j+4)th display lines
were charged during the (N+1)th frame period, during
the (N+2)th frame period; and

the liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th,

and (6j+6)th display lines are charged to the data voltage
of a polarity opposite a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the (N+1)th frame period, during the (N+2)th frame
period.

7. The liquid crystal display of claim 6, wherein:

the liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th,

and (6j+6)th display lines are charged to the data voltage
of the same polarity as a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the (N+2)th frame period, during the (N+3)th frame
period; and

the liquid crystal cells of the (6j+1)th and (6j+4)th display

lines are charged to the data voltage of a polarity oppo-
site a polarity of the data voltage, to which the liquid
crystal cells of the (6j+1)th and (6j+4)th display lines
were charged during the (N+2)th frame period, during
the (N+3)th frame period.

8. The liquid crystal display of claim 1, wherein:

the liquid crystal display panel includes a plurality of dis-

play lines on which the liquid crystal cells are arranged
in a row direction and a plurality of columns on which
the liquid crystal cells are arranged in a column direc-
tion; and

liquid crystal cells of the same color subpixels existing in

the same display line and the same column are charged
to the data voltages with opposite polarities.

9. A method of driving a liquid crystal display including a
liquid crystal display panel that includes a plurality of data
lines, a plurality of gate lines crossing the data lines, and a
plurality of liquid crystal cells and has a quad type pixel
structure in which red, green, blue, and white subpixels con-
stitute one pixel, the method comprising:

sequentially outputting a plurality of polarity control sig-

nals, a logic level of each of the polarity control signals
being inverted every three horizontal periods, phases of
the polarity control signals being different from one
another;

inverting a polarity of a data voltage in response to the

polarity control signals to supply the data voltage with
the inverted polarity to the data lines; and

sequentially supplying gate pulses to the gate lines,

wherein the sequentially outputting of the plurality of

polarity control signals comprises:

supplying a first polarity control signal, including a logic
level is inverted every three horizontal periods, to a
data drive circuit supplying the data voltage to the
data lines during an N-th frame period (where N is a
positive integer),

supplying a second polarity control signal, including a
logic level is inverted every three horizontal periods
and including a phase is more delayed than a phase of
the first polarity control signal by 1 horizontal period,
to the data drive circuit during an (N+1)th frame
period,

supplying a first inversion polarity control signal,
including a logic level is inverted every three horizon-
tal periods and including a phase is more delayed than
a phase of the second polarity control signal by 2
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horizontal periods, to the data drive circuit during an
(N+2)th frame period, and
supplying a second inversion polarity control signal,
including a logic level inverted every three horizontal
periods and including a phase is more delayed than a
phase of the first inversion polarity control signal by 1
horizontal period, to the data drive circuit during an
(N+3)th frame period.
10. The method of claim 9, wherein the liquid crystal cells
are charged to the data voltages including polarities are
inverted in vertical 3 dot and horizontal 2 dot inversion man-
ners.
11. The method of claim 9, wherein:
the liquid crystal display panel includes (6j+1)th to (6j+6)
th display lines, where j is an integer equal to or greater
than 0;

liquid crystal cells of the (6j+1)thand (6j+4)th display lines
are charged to the data voltage of the same polarity as a
polarity of the data voltage, to which the liquid crystal
cells of the (6j+1)th and (6j+4)th display lines were
charged during an (N-1)th frame period, during the N-th
frame period; and

liquid crystal cells of the (6)+2)th, (6j+3)th, (6;+5)th, and

(6j+6)th display lines are charged to the data voltage of
a polarity opposite a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the (N-1)th frame period, during the N-th frame period.
12. The method of claim 11, wherein:
the liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th,
and (6j+6)th display lines are charged to the data voltage
of the same polarity as a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the N-th frame period, during the (N+1)th frame period;
and
the liquid crystal cells of the (6j+1)th and (6j+4)th display
lines are charged to the data voltage of a polarity oppo-
site a polarity of the data voltage, to which the liquid
crystal cells of the (6j+1)th and (6j+4)th display lines
were charged during the N-th frame period, during the
(N+1)th frame period.

13. The method of claim 12, wherein:

the liquid crystal cells of the (6j+1)th and (6j+4)th display
lines are charged to the data voltage of the same polarity
as a polarity of the data voltage, to which the liquid
crystal cells of the (6j+1)th and (6j+4)th display lines
were charged during the (N+1)th frame period, during
the (N+2)th frame period; and

the liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th,

and (6j+6)th display lines are charged to the data voltage
of a polarity opposite a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the (N+1)th frame period, during the (N+2)th frame
period.

14. The method of claim 13, wherein:

the liquid crystal cells of the (6j+2)th, (6j+3)th, (6j+5)th,

and (6j+6)th display lines are charged to the data voltage
of the same polarity as a polarity of the data voltage, to
which the liquid crystal cells of the (6j+2)th, (6j+3)th,
(6j+5)th, and (6j+6)th display lines were charged during
the (N+2)th frame period, during the (N+3)th frame
period; and
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the liquid crystal cells of the (6j+1)th and (6j+4)th display
lines are charged to the data voltage of a polarity oppo-
site a polarity of the data voltage, to which the liquid
crystal cells of the (6j+1)th and (6j+4)th display lines
were charged during the (N+2)th frame period, during
the (N+3)th frame period.

15. The method of claim 9, wherein:

the liquid crystal display panel includes a plurality of dis-
play lines on which the liquid crystal cells are arranged

5

18

in a row direction and a plurality of columns on which
the liquid crystal cells are arranged in a column direc-
tion; and

liquid crystal cells of the same color subpixels existing in
the same display line and the same column are charged
to the data voltages with opposite polarities.



patsnap

ERATROF) BRI TR RER S5 E
DF(RE)F US8344984 DF(E)A 2013-01-01
HiFs US12/647914 RiFH 2009-12-28

R E(ERR)AGE)  MIN WOONGKI
FRHONGSUNG
LEEZR %

BE (R AGE) MIN WOONGKI
RHONGSUNG
LEEZR %

YHTEE (TR A(E) LG DISPLAY CO., LTD.

[FRIKBAA MIN WOONGKI
SONG HONGSUNG
LEE DONGHAK

KA MIN, WOONGKI
SONG, HONGSUNG
LEE, DONGHAK

IPCH &= G09G3/36
CPCH¥E= G09G3/3648 G09G3/3607 G09G3/3614 G09G2300/0452 G09G3/3688
PETSE R () BOYD , JONATHAN
k51X 1020090020658 2009-03-11 KR
H AN FF 3Tk US20100231564A1
SNEBEEHE Espacenet USPTO
BE(F) H
. _ e _ . _ —
RH—MHRETHRERSAZ, HRESHSE ARETHER,
BREBEL , BRBLAIXOMRE URBERET , EEMLFGRS POLT 4+ --- 4+ So=

W, BEPLe &6, BeNAeFRENK —MRE , BEERKR

HWHRMEREES  BERDRE AN TREREES RELER

EHRE  REARERENBERERMAHIEL | URMRIIRS) T I e _
BER , i AR Bk OR R A BIR L. %, B= MK TFARRES

MREEHESHEEBT , FERMERHESHANKRILTE,

/POL1

/POL2  + = o = + 4 + === + 4+


https://share-analytics.zhihuiya.com/view/55d99a89-afb6-48ed-8e8e-4f7099947dc1
https://worldwide.espacenet.com/patent/search/family/042717963/publication/US8344984B2?q=US8344984B2
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=8344984.PN.&OS=PN/8344984&RS=PN/8344984

