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(57) ABSTRACT

This document relates to a liquid crystal display capable of
improving picture quality by compensating for difference in
charge between liquid crystal cells. The liquid crystal display
comprises a liquid crystal display panel; a gate driving circuit;
a charge difference compensation circuit configured to gen-
erate, in a specific gray level range, analog positive gamma
voltages having a first reference level and analog negative
gamma voltages having a second reference level in synchro-
nization with a first scan time at which a first gate line is

29} Filed: Jul. 21. 2009 driven, and generate the analog positive gamma voltages
(22) Fie =5 having a first compensation level that is lower than the first
reference level and the analog negative gamma voltages hav-
(30) Foreign Application Priority Data ing a second compensation level that is higher than the second
reference level in synchronization with a second scan time at
Nov. 27,2008  (KR) oo 10-2008-0118953  which a second gate line is driven; and a data driving circuit.
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LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korean Patent
Application No. 10-2008-0118953 filed on Nov. 27, 2008,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] This document relates to a liquid crystal display
driven using a double rate driving (DRD) method, and more
particularly, to a liquid crystal display which is capable of
improving picture quality by compensating for difference in
charge between liquid crystal cells.

[0004] 2. Related Art

[0005] A liquid crystal display is configured to display
images by controlling the light transmissivity of a liquid
crystal layer using an electric field supplied to the liquid
crystal layer in response to a video signal. The liquid crystal
display is a flat panel display having the advantages of small
size, slimness, and low power consumption, and is used in
portable computers such as notebook PCs, office automation
devices, audio/video devices, and so on. In particular, a liquid
crystal display of an active matrix type in which a switching
element is formed in each liquid crystal cell is advantageous
for implementing motion pictures because it can actively
control the switching elements.

[0006] A thin film transistor (hereinafter referred to as a
“TFT”), as shown in FIG. 1, is generally used as the switching
element for the active matrix type liquid crystal display.
[0007] Referring to FIG. 1, the active matrix type liquid
crystal display is configured to convert digital video data into
an analog data voltage on the basis of a gamma reference
voltage, supply the converted data voltage to a data line DL
and, at the same time, supply a scan pulse to a gate line GL,
thereby charging a liquid crystal cell Clc with the data volt-
age. To this end, the gate electrode ofa TFT is coupled to the
gate line GL, the source electrode of the TFT is coupled to the
data line DL, and the drain electrode of the TFT is coupled to
the pixel electrode of the liquid crystal cell Clc and one of the
electrodes of a storage capacitor Cst. A common voltage
Veom is supplied to the common electrode of the liquid
crystal cell Clc. When the TFT is turned on, the storage
capacitor Ct is charged with the data voltage supplied from
the data line DL, thus functioning to constantly maintain the
voltage of the liquid crystal cell Clc. When the scan pulse is
supplied to the gate line GL, the TFT is turned on and a
channel is formed between the source electrode and the drain
electrode, so the voltage of the data line DL is supplied to the
pixel electrode of the liquid crystal cell Cle. At this time, the
arrangement of liquid crystal molecules of the liquid crystal
cell Clc is changed by an electric field between the pixel
electrode and the common electrode, so light incident on the
liquid crystal cell is changed.

[0008] This liquid crystal display comprises a gate drive
integrated circuit (IC) for driving the gate lines G, and a data
drive IC for driving the data lines DL. As the size and defini-
tion of liquid crystal displays increase, so does the required
number of drive ICs. Because the data drive ICs are more
expensive than other elements, several schemes for reducing
the number of data drive ICs have recently been proposed.
FIG. 2 shows one such scheme, a DRD method of implement-
ing the same resolution as the conventional art by halving the

May 27, 2010

number of data drive ICs in such a way as to double the
number of gate lines but halve the number of data lines
compared to the conventional art.

[0009] Referring to FIG. 2, the conventional liquid crystal
display driven using the DRD method is configured to drive m
(m is a natural number greater than or equal to 2) liquid crystal
cells, arranged in one horizontal line, using two gate lines and
m/2 data lines. The conventional liquid crystal display is
configured to drive the data drive ICs using a 2-dot inversion
method in order to minimize flicker and reduce power con-
sumption. Accordingly, two neighboring liquid crystal cells
with one data line between them are respectively coupled to
two gate lines and charged with data voltages having the same
polarity, supplied through the data line. For example, in a
specific frame, an R liquid crystal cell and a G liquid crystal
cell sharing a first data line D1, among liquid crystal cells
arranged in a first horizontal line HL1, may be sequentially
charged with positive voltages at the same time as scan pulses
are supplied from respective gate lines G1 and G2,an R liquid
crystal cell and a B liquid crystal cell sharing a second data
line D2, among the liquid crystal cells, may be sequentially
charged with negative voltages at the same time as scan pulses
are supplied from the respective gate lines G1 and G2, and an
R liquid crystal cell and a B liquid crystal cell sharing a third
data line D3, among the liquid crystal cells, may be sequen-
tially charged with positive voltages at the same time as scan
pulses are supplied from the respective gate lines G1 and G2.
An arrow shown in FIG. 2 indicates the charge sequence of
the liquid crystal cells coupled to the data lines.

[0010] FIG. 3 shows the waveforms of charge voltages in
the liquid crystal cells when the liquid crystal cells are
charged in the direction of the arrow of FIG. 2. Referring to
FIG. 3, the R liquid crystal cells coupled to the first or third
gate line G1 or G3 are supplied with a positive voltage (or a
negative voltage) which rises (or falls) from a negative volt-
age (or a positive voltage), and the G liquid crystal cells
coupled to the second or fourth gate line G2 or G4 are sup-
plied with a positive voltage (or a negative voltage) which
changes from a positive voltage (or a negative voltage). Fur-
ther, the B liquid crystal cells coupled to the first or third gate
line G1 or G3 are supplied with a positive voltage (or a
negative voltage) which rises (or falls) from a negative volt-
age (or a positive voltage), and the B liquid crystal cells
coupled to the second or fourth gate line G2 or G4 are sup-
plied with a positive voltage (or a negative voltage) which
changes from a positive voltage (or a negative voltage). As
known in the art, the amount of charge of liquid crystal cells
to which a positive voltage rising from a negative voltage (or
a negative voltage falling from a positive voltage) is supplied
is smaller than the amount of charge of liquid crystal cells to
which a positive voltage changing from a positive voltage (or
a negative voltage changing from a negative voltage) is sup-
plied. This is because the rising time of the positive voltage
from the negative voltage (or the falling time of the negative
voltage from the positive voltage) is long, whereas the rising
time of the positive voltage from the positive voltage (or the
falling time of the negative voltage from the negative voltage)
is short.

[0011] Accordingly, in the conventional liquid crystal dis-
play using the DRD method, the amount of charge of liquid
crystal cells coupled to odd-numbered gate lines (i.e., all the
R liquid crystal cells and some of the B liquid crystal cells) is
smaller than the amount of charge of liquid crystal cells
coupled to even-numbered gate lines (i.e., all the G liquid
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crystal cells and the remaining B liquid crystal cells). In other
words, the R liquid crystal cells are charged relatively weakly,
the G liquid crystal cells are charged relatively strongly, and
the B liquid crystal cells are alternately charged strongly/
weakly on a pixel-by-pixel basis. Here, neither the weakly
charged liquid crystal cells nor the strongly charged R and G
liquid crystal cells are easily seen, but the alternately charged
B liquid crystal cells are easily seen as a vertical line (DIM).
Consequently, the conventional liquid crystal display driven
using the DRD method is problematic in that picture quality
is lowered because of the vertical line (DIM) of a specific
color resulting from the difference in charge characteristic.

SUMMARY

[0012] An aspect of this document is to provide a liquid
crystal display which is capable of improving picture quality
by compensating for difference in charge characteristic
through a selective level change using an analog gamma
voltage.

[0013] In an aspect, a liquid crystal display comprises a
liquid crystal display panel to which m/2 shared data lines and
first and second gate lines are assigned in order to drive m
liquid crystal cells arranged in the same horizontal line, pairs
of adjacent liquid crystal cells being symmetrically con-
nected to the first and second gate lines with a shared data line
interposed therebetween; a gate driving circuit configured to
sequentially supply scan pulses to the first and second gate
lines; a charge difference compensation circuit configured to
generate, in a specific gray level range, analog positive
gamma voltages having a first reference level and analog
negative gamma voltages having a second reference level in
synchronization with a first scan time at which the first gate
line is driven, and generate the analog positive gamma volt-
ages having a first compensation level that is lower than the
first reference level and the analog negative gamma voltages
having a second compensation level that is higher than the
second reference level in synchronization with a second scan
time at which the second gate line is driven; and a data driving
circuit configured to convert received digital video data into
the analog positive gamma voltages or the analog negative
gamma voltages in response to a polarity control signal which
is inverted every 2 horizontal periods, and supply converted
data to the data lines.

[0014] The charge difference compensation circuit may
comprise a control signal generator configured to generate a
compensation control signal for controlling an output timing
of the gamma voltages in response to a source output enable
signal necessary to drive the data driving circuit, and a gamma
voltage controller configured to select output gamma voltages
having the reference levels or the compensation levels in
response to the compensation control signal.

[0015] The compensation control signal may have a logic
level that is inverted in a cycle of 1 horizontal period.

[0016] The control signal generator may comprise a D flip-
flop triggered in synchronization with rising edges of the
source output enable signal.

[0017] The gamma voltage controller may comprise a
gamma resistor string unit comprising a plurality of voltage-
dividing resistors and a plurality of voltage-dividing nodes,
wherein the plurality of voltage-dividing resistors is coupled
in series between a high-power source voltage and a low-
power source voltage, and each of a plurality of voltage-
dividing nodes is formed between the resistors and configured
to output respective gamma voltages having a corresponding
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level; and a switching unit comprising a plurality of switches,
wherein each of the switches coupled to a voltage-dividing
node corresponding to a specific gray level is selectively
coupled to a first terminal configured to output the gamma
voltages having the reference level, or a second terminal
configured to output the gamma voltages having the compen-
sation level, according to a logic level of the compensation
control signal.

[0018] The specific gray level belongs to a gray level range
having a gray level value 0f25% to 75% of a peak white gray
level.

[0019] Each of the switches is coupled to the first terminal
during a period when the compensation control signal having
a first logic level is generated, and to the second terminal
during a period when the compensation control signal having
a second logic level is generated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
In the drawings:

[0021] FIG. 1 is an equivalent circuit diagram showing a
pixel of a typical liquid crystal display;

[0022] FIG. 2 is a diagram showing a conventional liquid
crystal display driven using a DRD method;

[0023] FIG. 3 is a diagram showing charge voltage wave-
formsin each of liquid crystal cells when the cells are charged
in the direction of an arrow of FIG. 2;

[0024] FIG. 4 is a block diagram of a liquid crystal display
according to an embodiment of this document;

[0025] FIGS. 5 and 6 are diagrams showing in detail one of
data drive ICs constituting a data driving circuit;

[0026] FIG. 7isadiagram showing in detail a control signal
generator of FIG. 5;

[0027] FIG. 8 shows a waveform of a compensation control
signal generated by the control signal generator;

[0028] FIGS. 9 and 10 are circuit diagrams showing in
detail a gamma voltage controller of FIG. 5; and

[0029] FIG. 11 are waveforms showing compensation for a
difference in charge characteristic between liquid crystal cells
arranged in first and second horizontal lines of FIG. 2.

DETAILED DESCRIPTION

[0030] Hereinafter, an implementation of this document
will be described in detail with reference to FIGS. 4 through
11.

[0031] FIG. 4 is a block diagram of a liquid crystal display
according to an embodiment of this document.

[0032] Referring to FIG. 4, the liquid crystal display
according to the embodiment of this document includes a
liquid crystal display panel 10, a timing controller 11, a data
driving circuit 12, a charge difference compensation circuit
13, and a gate driving circuit 14.

[0033] Theliquid crystal display panel 10 has a liquid crys-
tal layer formed between two glass substrates. The liquid
crystal display panel 10 comprises mxn liquid crystal cells
Clc and is driven using a DRD method. The liquid crystal
cells are arranged in a matrix formed by m/2 data lines D1 to
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and 2n (n is a natural number) gate lines G1 to G2x. The data
lines D1 to

the gate lines G1 to G2», TFTs, and storage capacitors Cst are
formed on the rear glass substrate of the liquid crystal display
panel 10. Each of the liquid crystal cells Clc is coupled to a
TFT and driven using an electric field between a pixel elec-
trode 1 and a common electrode 2. Black matrices, color
filters, and the common electrodes 2 are formed on the front
glass substrate of the liquid crystal display panel 10. The
common electrode 2 is formed on the front glass substrate to
implement a vertical electric field driving method, such as a
twisted nematic (TN) mode or a vertical alignment (VA)
mode, and, together with the pixel electrode 1, is formed on
the rear glass substrate to implement a horizontal electric field
driving method, such as an in-plane switching (IPS) mode or
a fringe field switching (FFS) mode. A polarization plate is
attached to each of the front glass substrate and the rear glass
substrate of the liquid crystal display panel 10, and an orien-
tation film for setting the pre-tilt angle of liquid crystal is
formed therein.

[0034] The liquid crystal cells Cle may comprise a number
of R liquid crystal cells, G liquid crystal cells, and B liquid
crystal cells. The connection structure of the liquid crystal
cells Clc is described below with reference to FIG. 2. In the
first horizontal line HL1, the R(+) liquid crystal cell coupled
to the first gate line G1 is adjacent to the G(+) liquid crystal
cell coupled to the second gate line G2, and is coupled in
common to the first data line D1 along with the G(+) liquid
crystal cell; the B(-) liquid crystal cell coupled to the second
gate line G2 is adjacent to the R(-) liquid crystal cell coupled
to the first gate line G1, and is coupled in common to the
second data line D2 along with the R(-) liquid crystal cell;
and the G(+) liquid crystal cell coupled to the second gate line
G2 is adjacent to the B(+) liquid crystal cell coupled to the
first gate line G1 and is coupled in common to the third data
line D3 along with the B(+) liquid crystal cell. Further, in the
second horizontal line HL2, the R(-) liquid crystal cell
coupled to the third gate line G3 is adjacent to the G(-) liquid
crystal cell coupled to the fourth gate line G4, and is coupled
in common to the first data line D1 along with the G(-) liquid
crystal cell; the B(+) liquid crystal cell coupled to the fourth
gate line G4 is adjacent to the R(+) liquid crystal cell coupled
to the third gate line G3, and is coupled in common to the
second data line D2 along with the R(+) liquid crystal cell;
and the G(-) liquid crystal cell coupled to the fourth gate line
G4 is adjacent to the B(-) liquid crystal cell coupled to the
third gate line G3, and is coupled in common to the third data
line D3 along with the B(-) liquid crystal cell. Here, the (+)
liquid crystal cells indicate liquid crystal cells charged with a
positive voltage having an electric potential higher than the
common voltage Vcom, and the (-) liquid crystal cells indi-
cate liquid crystal cells charged with a negative voltage hav-
ing an electric potential lower than the common voltage
Veom. Accordingly, the R(+) liquid crystal cell and the G(+)
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liquid crystal cell sharing the first data line D1, among the
liquid crystal cells arranged in the first horizontal line HIL1,
are sequentially charged with a positive polarity at the same
time as scan pulses are supplied from the respective gate lines
G1 and G2, the R(-) liquid crystal cell and the B(-) liquid
crystal cell sharing the second data line D2, among the liquid
crystal cells, are sequentially charged with a negative polarity
at the same time as scan pulses are supplied from the respec-
tive gate lines G1 and G2, and the B(+) liquid crystal cell and
the G{+) liquid crystal cell sharing the third data line D3,
among the liquid crystal cells, are sequentially charged with a
positive polarity at the same time as scan pulses are supplied
from the respective gate lines G1 and G2. Further, the R(-)
liquid crystal cell and the G(-) liquid crystal cell sharing the
first data line D1, among the liquid crystal cells arranged in
the second horizontal line HL2, are sequentially charged with
a negative polarity at the same time as scan pulses are sup-
plied from the respective gate lines G3 and G4, the R(+) liquid
crystal cell and the B(+) liquid crystal cell sharing the second
data line D2, among the liquid crystal cells, are sequentially
charged with a positive polarity at the same time as scan
pulses are supplied from the respective gate lines G3 and G4,
and the B(-) liquid crystal cell and the G(-) liquid crystal cell
sharing the third data line D3, among the liquid crystal cells,
are sequentially charged with a negative polarity at the same
time as scan pulses are supplied from the respective gate lines
G3 and G4.

[0035] The timing controller 11 is configured to generate a
data control signal to control an operation timing of the data
driving circuit 12, and a gate control signal to control an
operation timing of the gate driving circuit 14 using timing
signals, such as a horizontal sync signal Hsync, a vertical sync
signal Vsync, a data enable signal DE, and a dot clock DCLK
supplied from a system (not shown). The data control signal
comprises a source start pulse SSP to indicate a sampling start
point of digital video data RGB within the data driving circuit
12, a source sampling clock SSC to indicate the latch opera-
tion of the digital video data RGB within the data driving
circuit 12 on the basis of a rising edge or a falling edge, a
source output enable signal SOE to indicate the output of the
data driving circuit 12, and a polarity control signal POL to
indicate the polarity of data voltages to be supplied to the
liquid crystal cells Clc of the liquid crystal display panel 210.
The gate control signal comprises a gate start pulse GSP to
indicate a start horizontal line at which scanning begins dur-
ing 1 vertical period in which one screen is displayed, a gate
shift clock signal GSC (i.e., a timing control signal), and a
gate output enable signal GOE to indicate the output of the
gate driving circuit 14. The gate shift clock signal GSC is
input to the shift register of the gate driving circuit 14, con-
figured to sequentially shift the gate start pulse GSP, and
generated with a pulse width corresponding to the ON period
ofa TFT.

[0036] The timing controller 11 realigns the digital video
data RGB received from the system according to the resolu-
tion of the liquid crystal display panel 10 and supplies the data
driving circuit 12 with the resulting data.

[0037] The data driving circuit 12 latches the digital video
data RGB under the control of the timing controller 11. Fur-
ther, the data driving circuit 12 converts the digital video data
RGB into analog positive and negative gamma voltages
according to a polarity control signal POL and supplies the
resulting data voltages to the data lines D1 to
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To this end, the data driving circuit 12 comprises a plurality of
data drive ICs as shown in FIG. 5.

[0038] The charge difference compensation circuit 13 gen-
erates an analog positive gamma voltage at a reference level,
which will be synchronized with an odd-numbered scan time,
and an analog positive gamma voltage at a compensation
level that is lower than the reference level, which will be
synchronized with an even-numbered scan time, in a specific
gray level range under the control of the timing controller 11,
and supplies the gamma voltages to the data driving circuit
12. Further, the charge difference compensation circuit 13
generates an analog negative gamma voltage at a reference
level, which will be synchronized with an odd-numbered scan
time, and an analog negative gamma voltage at a compensa-
tion level that is higher than the reference level, which will be
synchronized with an even-numbered scan time, in a specific
gray level range under the control of the timing controller 11,
and supplies the gamma voltages to the data driving circuit
12. The charge difference compensation circuit 13 may be
included in the data driving circuit 12. It is hereinafter
assumed that the charge difference compensation circuit 13 is
included in the data driving circuit 12.

[0039] The gate driving circuit 14 generates scan pulses to
select the horizontal lines of the liquid crystal display panel
10 to which analog data voltages will be supplied under the
control of the timing controller 11, and sequentially supplies
the scan pulses to the gate lines G1 to G2#. To this end, the
gate driving circuit 14 comprises the plurality of gate drive
ICs. Bach of the gate drive ICs comprises a shift register, a
level shifter for converting the output signal of the shift reg-
ister into a signal having a swing width suitable to drive the
TFT of the liquid crystal cell Cle, and an output circuit
coupled between the level shifter and the gate line.

[0040] FIGS. 5 and 6 are diagrams showing in detail one of
the data drive ICs constituting the data driving circuit.
[0041] Referring to FIG. 5, the data drive IC comprises a
shift register 121, a first latch array 122, a second latch array
123, a charge difference compensation circuit 13, a digital/
analog converter (hereinafter referred to as a ‘DAC’) 124, a
charge sharing circuit 125, and an output circuit 126.

[0042] Theshift register 121 generates a sampling signal by
shifting the source start pulse SSP, received from the timing
controller 11, in response to the source shift clock signal SSC.
Further, the shift register 121 shifts the source start pulse SSP
and sends a carry signal CAR to the shift register of a next
stage.

[0043] The first latch array 122 samples the digital video
data RGB, received from the timing controller 11, in response
to the sampling signals sequentially received from the shift
register 121, latches the dataRGB every 1 horizontal line, and
outputs the data RGB of each 1 horizontal line at the same
time.

[0044] The second latch array 123 latches data of every 1
horizontal line, received from the first latch array 122, and
outputs the latched digital video data RGB at the same time as
the second latch array of the data drive ICs during a logic low
period of the source output enable signal SOE.

[0045] Thecharge difference compensation circuit 13 com-
prises a control signal generator 131 and a gamma voltage
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controller 132 and generates a positive gamma voltage VGH
having areference level and a positive gamma voltage CVGH
having a compensation level, and a negative gamma voltage
VGL having a reference level and a negative gamma voltage
CVGL having a compensation level. The control signal gen-
erator 131 generates the compensation control signal CCP to
control output timing of the positive gamma voltage VGH of
the reference level and the positive gamma voltage CVGH of
the compensation level, and output timing of the negative
gamma voltage VGL of the reference level and the negative
gamma voltage CVGL of the compensation level, in response
to the source output enable signal SOE of the timing control-
ler 11. The gamma voltage controller 132 switches in
response to the compensation control signal CCP to select
gamma voltages to be synchronized with an odd-numbered
scan time during a specific gray level range as the positive/
negative gamma voltages VGH and VGL having a reference
level, and gamma voltages to be synchronized with an even-
numbered scan time as the positive/negative gamma voltages
CVGH and CVGL having a compensation level. This charge
difference compensation circuit 13 is described in detail later
with reference to FIGS. 7 to 11.

[0046] The DAC 124, as shown in FIG. 6, comprises a
P-decoder PDEC 1241 to which the positive gamma voltages
VGH and CVGH respectively having the reference level and
the compensation level are supplied, an N-decoder NDEC
1242 to which the negative gamma voltages VGL and CVGL
respectively having the reference level and the compensation
level are supplied, and a multiplexer 1243 configured to select
the output of the P-decoder 1241 and the output of the N-de-
coder 1242 in response to the polarity control signal POL.
The P-decoder 1241 decodes the digital video data RGB
received from the second latch array 123 and outputs the
positive gamma voltage VGH or CVGH having the reference
level or the compensation level corresponding to a gray level
value of the decoded data. The N-decoder 1242 decodes the
digital video data RGB received from the second latch array
123 and outputs the negative gamma voltage VGL or CVGL
having the reference level or the compensation level corre-
sponding to a gray level value of the decoded data. The
multiplexer 1243 selects any one of the positive gamma volt-
ages VGH/CVGH and the negative gamma voltages VGL/
CVGL in response to the polarity control signal POL.
[0047] The charge sharing circuit 125 shorts neighboring
data output channels during a high logic period of the source
output enable signal SOE and outputs the mean value of
neighboring data voltages as a charge share voltage or sup-
plies the common voltage Vcom to the data output channels
during a high logic period of the source output enable signal
SOE, thereby reducing an abrupt change in the positive data
voltage and the negative data voltage.

[0048] The output circuit 126 comprises a buffer and func-
tions to minimize the signal attenuation of analog data volt-
ages received from data lines D1 to Dk.

[0049] FIG. 7 is a diagram showing in detail the control
signal generator 131 of FIG. 5, and FIG. 8 shows a waveform
of the compensation control signal CCP generated by the
control signal generator 131.

[0050] Referring to FIG. 7, the control signal generator 131
comprises a D flip-flop which is edge-triggered. The D flip-
flop delays an input signal received via an input terminal D as
long as the time delay of the source output enable signal SOE
and outputs the resulting signal to an output terminal Q.
Accordingly, the control signal generator 131 is triggered in
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synchronization with the rising edges of the source output
enable signal SOE generated in a cycle of approximately 1
horizontal period 1H, thus generating the compensation con-
trol signal CCP alternately having a first logic level HIGH and
a second logic level LOW in a cycle of approximately 1
horizontal period 1H, as shown in FIG. 8. Accordingly, the
compensation control signal CCP may be synchronized with
different logic levels when the odd-numbered gate lines and
the even-numbered gate lines are scanned. For example, the
compensation control signal CCP may be generated with the
first logic level HIGH in synchronization with scanning of the
odd-numbered gate lines, or with the second logic level LOW
in synchronization with scanning of the even-numbered gate
lines.

[0051] FIGS. 9 and 10 are circuit diagrams showing in
detail the gamma voltage controller 132 of FIG. 5.

[0052] Referring to FIGS. 9 and 10, the gamma voltage
controller 132 comprises a switching unit 132¢ and a gamma
resistor string unit 1325.

[0053] The gamma resistor string unit 1325 comprises a
resistor string having a plurality of voltage-dividing resistors
R connected in series between a high-power source voltage
VDD and a low-power source voltage VSS, and a plurality of
voltage-dividing nodes formed between the resistors R and
configured to output respective gamma voltages each having
a corresponding level. The gamma resistor string unit 1325
generates positive gamma voltages VGHI to VGH256 having
a reference level corresponding to the number of gray levels
(for example, 256) which can be expressed using the number
of bits (for example, 8 bits) of the digital video data RGB, and
negative gamma voltages VGL1 to VGL256 having a refer-
ence level corresponding to the number of gray levels. In
particular, the gamma resistor string unit 1325 selectively
generates positive/negative gamma voltages CVGH64 to
CVGH190 and CVGL64 to CVGL190, having a compensa-
tion level, along with the positive/negative gamma voltages
VGH64 to VGH190 and VGL64 to VGL190 having a corre-
sponding reference level, corresponding to intermediate gray
level range 64 Gray to 190Gray having a gray level value of
approximately 25% to 75% of a peak white gray level. Here,
the reason why a specific gray level range where the gamma
voltages having the compensation level is set to have the gray
level value of approximately 25% to 75% of the peak white
gray level is that effects such as a longitudinal dim defect
within a gray level range are considerable. It is however to be
noted that the specific gray level range may be wider or
narrower than the illustrated range.

[0054] The switching unit 132a comprises a plurality of
switches SW selectively coupled to a first terminal d1 and a
second terminal d2. The first terminal d1 is coupled to a
voltage-dividing node corresponding to an intermediate gray
level and configured to output positive/negative gamma volt-
ages having a reference level according to a logic level of the
compensation control signal CCP. The second terminal d2 is
configured to output positive/negative gamma voltages hav-
ing a compensation level. Each of the switches SW is coupled
to the first terminal d1 during a period in which the compen-
sation control signal CCP having the first logic level HIGH is
generated, and to the second terminal d2 during a period in
which the compensation control signal CCP having the sec-
ond logic level LOW is generated. Here, the positive gamma
voltage of the compensation level has an electric potential
which is lower than the positive gamma voltage of the refer-
ence level by a charge difference, and the negative gamma
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voltage of the compensation level has an electric potential
which is higher than the negative gamma voltage of the ref-
erence level by a charge difference. The charge difference
refers to a difference between the amount of charge of a
positive voltage rising from a negative voltage (or a negative
voltage falling from a positive voltage) and the amount of
charge of a positive voltage changing from a positive voltage
(or a negative voltage changing from a negative voltage).
[0055] FIG. 11 are waveforms showing compensation for a
difference in charge characteristic between liquid crystal cells
arranged in the first and second horizontal lines HL.1 and HL.2
of FIG. 2.

[0056] Referring to FIG. 11, liquid crystal cells driven in
synchronization with odd-numbered scan times G1 and G3
are charged with a positive data voltage having a reference
level or a negative data voltage having a reference level in
response to the compensation control signal CCP having the
first logic level HIGH. On the other hand, liquid crystal cells
driven in synchronization with even-numbered scan times G2
and G4 are charged with a positive data voltage that is lower
than a reference level by a charge difference AV, or a negative
data voltage that is higher than a reference level by the charge
difference AV, in response to the compensation control signal
CCP having the second logic level LOW. Accordingly, a
longitudinal dim effect, occurring because of a difference
between the amount of charge of a positive voltage rising
from a negative voltage (or a negative voltage falling from a
positive voltage) and the amount of charge of a positive volt-
age changing from a positive voltage (or a negative voltage
changing from a negative voltage), can be prevented effec-
tively.

[0057] As described above, the liquid crystal display
according to this document can significantly improve picture
quality by compensating for difference in charge character-
istic through selective level change of an analog gamma volt-
age.

[0058] While this document has been described in connec-
tion with what are presently considered to be practical exem-
plary embodiments, it is to be understood that this document
1s not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

aliquid crystal display panel to which m/2 shared data lines
and first and second gate lines are assigned in order to
drive m liquid crystal cells arranged in the same hori-
zontal line, pairs of adjacent liquid crystal cells being
symmetrically connected to the first and second gate
lines with a shared data line interposed therebetween;

a gate driving circuit configured to sequentially supply
scan pulses to the first and second gate lines;

a charge difference compensation circuit configured to
generate, in a specific gray level range, analog positive
gamma voltages having a first reference level and analog
negative gamma voltages having a second reference
level in synchronization with a first scan time at which
the first gate line is driven, and generate the analog
positive gamma voltages having a first compensation
level that is lower than the first reference level and the
analog negative gamma voltages having a second com-
pensation level that is higher than the second reference
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level in synchronization with a second scan time at
which the second gate line is driven; and

adata driving circuit configured to convert received digital
video data into the analog positive gamma voltages or
the analog negative gamma voltages in response to a
polarity control signal which is inverted every 2 hori-
zontal periods, and supply converted data to the data
lines.

2. The liquid crystal display of claim 1, wherein the charge

difference compensation circuit comprises:

a control signal generator configured to generate a com-
pensation control signal for controlling an output timing
of the gamma voltages in response to a source output
enable signal necessary to drive the data driving circuit;
and

a gamma voltage controller configured to select output
gamma voltages having the reference levels or the com-
pensation levels in response to the compensation control
signal.

3. The liquid crystal display of claim 2, wherein the com-
pensation control signal has a logic level that is inverted in a
cycle of 1 horizontal period.

4. The liquid crystal display of claim 2, wherein the control
signal generator comprises a D flip-flop triggered in synchro-
nization with rising edges of the source output enable signal.

5. Theliquid crystal display ofclaim 2, wherein the gamma
voltage controller comprises:
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a gamma resistor string unit comprising a plurality of volt-
age-dividing resistors and a plurality of voltage-dividing
nodes, wherein the plurality of voltage-dividing resis-
tors is coupled in series between a high-power source
voltage and a low-power source voltage, and each of a
plurality of voltage-dividing nodes is formed between
the resistors and configured to output respective gamma
voltages having a corresponding level; and

a switching unit comprising a plurality of switches,
wherein each of the switches coupled to a voltage-divid-
ing node corresponding to a specific gray level is selec-
tively coupled to a first terminal configured to output the
gamma voltages having the reference level, or a second
terminal configured to output the gamma voltages hav-
ing the compensation level, according to a logic level of
the compensation control signal.

6. The liquid crystal display of claim 5, wherein the specific
gray level belongs to a gray level range having a gray level
value of 25% to 75% of a peak white gray level.

7. The liquid crystal display of claim 5, wherein each of the
switches is coupled to the first terminal during a period when
the compensation control signal having a first logic level is
generated, and to the second terminal during a period when
the compensation control signal having a second logic level is
generated.
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