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A liquid crystal display (LCD) capable of improving display
quality and a method of driving the same are provided. The
LCD comprises an LCD panel including a plurality of data
lines and gate lines and liquid crystal cells arranged in a
matrix at crossings of the gate lines and the data lines, a
driving circuit for supplying a data voltage to the data lines
and for supplying a scan pulse to the gate lines, a timing
controller for generating a gate start pulse for indicating a
start horizontal line in which scanning starts in a one frame
period where one screen is displayed, a control clock genera-
tor for counting the number of frames using the gate start
pulse and for generating a control clock whenever an accu-
mulated count value becomes a multiple of a predetermined
value, and a common voltage generating circuit for generat-
ing control data ofa specific bit based on the control clock and
for generating a common voltage whose level varies in stages
per predetermined interval using the control data to supply the
common voltage to the LCD panel.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

[0001] This application claims the benefit of Korea patent
Application No. 10-2008-0046226 filed on May 19, 2008,
which is hereby incorporated by reference for all purpose as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) capable of improving display quality and a
method of driving the same.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display (LCD) controls the trans-
mittance of a liquid crystal layer through an electric field
applied to the liquid crystal layer in response to a video signal
to display an image. The LCD is a flat panel display (FPD)
that is small and thin and that consumes a small amount of
power and is used as a portable computer such as a notebook
PC, an office automation apparatus, and audio/video appara-
tuses. In particular, since an active matrix type LCD in which
switching devices are formed in liquid cells, respectively, can
actively control the switching devices, it is advantageous to
realizing a moving picture.

[0006] A thin film transistor (hereinafter, referred to as
TFT) illustrated in FIG. 1 is mainly used as the switching
device used for the active matrix type LCD.

[0007] Referring to FIG. 1, the active matrix type LCD
converts digital video data into an analog data voltage based
on a gamma reference voltage to supply the analog data
voltage to a data line DL and supplies a scan pulse to a gate
line GL to charge the data voltage in a liquid crystal cell Clc.
Therefore, the gate electrode of the TFT is connected to the
gate line GL, the source electrode of the TFT is connected to
the data line DL, and the drain electrode of the TFT is con-
nected to the pixel electrode of the liquid crystal cell Cle and
one side electrode of a storage capacitor Cstl. A common
voltage Veom is supplied to the common electrode of the
liquid crystal cell Clc. The storage capacitor Cstl charges the
data voltage applied from the data line DL when the TFT is
turned on to maintain the voltage of the liquid crystal cell Clc
to be uniform. When the scan pulse is applied to the gate line
GL, the TFT is turned on to form a channel between the
source electrode and the drain electrode and to supply the
voltage on the data line DL to the pixel electrode of the liquid
crystal cell Cle. At this time, the arrangement of the liquid
crystal molecules of the liquid crystal cell Clc is changed by
an electric field between the pixel electrode and the common
electrode to modulate incident light.

[0008] When a direct current (DC) voltage is applied to the
liquid crystal layer of the LCD for a long time, ions having
negative charges move in the one motion vector direction and
ions having positive charges move in the other motion vector
direction to be polarized in accordance with the polarity of the
electric field applied to liquid crystal layer and the accumu-
lation amount of the ions having the negative charges and the
accumulation amount of the ions having the positive charges
increase with the lapse of time. As the accumulation amount
of the ions increases, an alignment layer deteriorates. As a
result, the alignment characteristic of the liquid crystal dete-
riorates. Therefore, when the DC voltage is applied to the
LCD for a long time, spots appear in a displayed image and
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the spots increase with the lapse of time. In order to reduce the
spots, a method of developing a liquid crystal material having
alow permittivity or of improving an alignment material or an
alignment method was attempted. However, such a method
requires a large amount of time and cost for developing a
material. When the permittivity of the liquid crystal is
reduced, another problem of deteriorating the driving char-
acteristic of the liquid crystal occurs. As noted by experi-
ments, the point of time at which the spots appear due to the
polarization and accumulation of the ions gets faster as impu-
rities ionized in the liquid crystal layer increase and acceler-
ating factors are large. The accelerating factor are tempera-
ture, time, the DC driving of the liquid crystal. Therefore, the
spots appear faster and get severe as the temperature is higher
or the time for which the DC voltage of the same polarity is
applied to the liquid crystal layer is longer. Furthermore,
since the shapes and degrees of the spots are different in the
panels of the same model that are manufactured through the
same manufacturing line, it is not possible to remove the spots
by developing a new material or by improving processes.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a
liquid crystal display and method of driving the same that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0010] An advantage of the present invention to provide a
liquid crystal display (LCD) capable of sequentially varying
the level of a common voltage applied to a liquid crystal layer
at specific frame intervals to prevent spots generated by the
polarization and accumulation of ions and to improve display
quality and a method of driving the same.

[0011] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0012] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, there is provided a liquid crystal dis-
play (LCD), comprising an LCD panel including a plurality
of data lines and gate lines and liquid crystal cells arranged in
a matrix at crossings of the gate lines and the data lines, a
driving circuit for supplying a data voltage to the data lines
and for supplying a scan pulse to the gate lines, a timing
controller for generating a gate start pulse for indicating a
start horizontal line in which scanning starts in a one frame
period where one screen is displayed, a control clock genera-
tor for counting the number of frames using the gate start
pulse and for generating a control clock whenever an accu-
mulated count value becomes a multiple of a predetermined
value, and a common voltage generating circuit for generat-
ing control data ofa specific bit based on the control clock and
for generating a common voltage whose level varies in stages
per predetermined interval using the control data to supply the
common voltage to the LCD panel.

[0013] In another aspect of the present invention, there is
provided a liquid crystal display (LCD) having an LCD panel
including a plurality of data lines and gate lines and liquid
crystal cells arranged in a matrix at crossings of the gate lines
and the data lines, and is divided to be driven in units of
horizontal blocks, a driving circuit for supplying a data volt-
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age to the data lines and for supplying a scan pulse to the gate
lines, a timing controller for generating a gate start pulse for
indicating a start horizontal line in which scanning starts in a
one frame period where one screen is displayed, a control
clock generator for counting the number of frames using the
gate start pulse to generate a first control clock whenever an
accumulated count value becomes a multiple of a predeter-
mined value and for counting the number of horizontal lines
in the same frame using a data enable signal from the outside
to generate a second control clock whenever the horizontal
block changes, and a common voltage generating circuit for
generating control data of a specific bit based on the first and
second control clocks and for generating a common voltage
whose level varies in stages per predetermined interval and
having different levels between adjacent horizontal blocks
using the control data to supply the common voltage to the
LCD panel.

[0014] In another aspect of the invention, there is provided
amethod of driving a liquid crystal display (LCD) having an
LCD panel including a plurality of data lines and gate lines
and liquid crystal cells arranged in a matrix at crossings of the
gate lines and the data lines, and a driving circuit for supply-
ing a data voltage to the data lines and for supplying a scan
pulse to the gate lines, the method comprising generating a
gate start pulse for indicating a start horizontal line in which
scanning starts in one frame period where one screen is dis-
played, counting the number of frames using the gate start
pulse and generating a control clock whenever an accumu-
lated count value becomes a multiple of a predetermined
value, and generating control data of a specific bit based on
the control clock and generating a common voltage whose
level varies in stages per predetermined interval using the
control data to supply the common voltage to the LCD panel.
[0015] In another aspect of the invention, there is provided
amethod of driving a liquid crystal display (LCD) having an
LCD panel including a plurality of data lines and gate lines
and liquid crystal cells arranged in a matrix at crossings of the
gate lines and the data lines, and is divided to be driven in
units of horizontal blocks, and a driving circuit for supplying
a data voltage to the data lines and for supplying a scan pulse
to the gate lines, the method comprising generating a gate
start pulse for indicating a start horizontal line in which scan-
ning starts in a one frame period where one screen is dis-
played, counting the number of frames using the gate start
pulse to generate a first control clock whenever an accumu-
lated count value becomes a multiple of a predetermined
value and counting the number of horizontal lines in the same
frame using a data enable signal from the outside to generate
a second control clock whenever the horizontal block
changes, and generating control data of a specific bit based on
the first and second control clocks and for generating a com-
mon voltage whose level varies in stages per predetermined
interval and having different levels between adjacent horizon-
tal blocks using the control data to supply the common volt-
age to the LCD panel.

[0016] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are comprised
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,

Nov. 19, 2009

illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0018] In the drawings:

[0019] FIG. 1is an equivalent circuit diagram of the pixel of
a common liquid crystal display (LCD);

[0020] FIG.2isablockdiagram of an LCD according to an
embodiment of the present invention;

[0021] FIG. 3 illustrates a common voltage generating cir-
cuit according to an embodiment of the present invention in
detail;

[0022] FIG. 4 illustrates the waveform of a control clock
according to an embodiment of the present invention;
[0023] FIG. 5 illustrates a common voltage increased and
reduced with 128 multi-steps according to an embodiment of
the present invention;

[0024] FIG. 6 illustrates a common voltage increased and
reduced with 7 multi-steps according to an embodiment of the
present invention;

[0025] FIG. 7 illustrates an LCD panel divided and driven
in units of horizontal blocks according to another embodi-
ment of the present invention;

[0026] FIG. 8 illustrates a common voltage generating cir-
cuit according to another embodiment of the present inven-
tion in detail;

[0027] FIG. 9 illustrates a common voltage increased and
reduced with 5 multi-steps according to another embodiment
of the present invention; and

[0028] FIG. 10 illustrates the levels of the common voltage
by frames supplied to horizontal blocks according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illustrated
in the accompanying drawings.

[0030] Hereinafter, embodiments of the present invention
will be described in detail with reference to FIGS. 2 to 10.
[0031] Referring to FIG. 2, a liquid crystal display (LCD)
according to an embodiment of the present invention com-
prises an LCD panel 10, a timing controller 11, a data driving
circuit 12, a gate driving circuit 13, and a common voltage
generating circuit 14.

[0032] Inthe LCD panel 10, a liquid crystal layer is formed
between two glass substrates. The LCD panel comprises mxn
liquid crystal cells Clc arranged in a matrix at the intersec-
tions between m data lines DL and n gate lines GL.

[0033] The datalines DL, the gate lines GL, thin film tran-
sistors (TFT), and a storage capacitor Cst are formed on the
lower glass substrate of the LCD panel 10. The liquid crystal
cells Clc are connected to the TFTs to be driven by an electric
field between a pixel electrode 1 and a common electrode 2.
A black matrix, a color filter, and the common electrode 2 are
formed on the upper glass substrate of the LCD panel 10. The
common electrode 2 is formed on the upper glass substrate in
a vertical electric field driving method such as a twisted
nematic (TN) mode and a vertical alignment (VA) mode,
however, the common electrode 2 can be formed on the lower
glass substrate together with the pixel electrode 1 in a hori-
zontal electric field driving method such as an in plane
switching (IPS) mode and a fringe field switching (FFS)
mode. Polarizing plates are attached to the upper glass sub-
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strate and the lower glass substrate of the LCD panel 10 and
an alignment layer for setting the pre-tilt angle of liquid
crystal is formed.

[0034] The timing controller 11 receives timing signals
such as a data enable (DE) signal and a dot clock CLK signal
to generate control signals GDC and DDC for controlling the
operation timings of the data driving circuit 12 and the gate
driving circuit 13.

[0035] The gate timing control signal GDC for controlling
the operation timing of the gate driving circuit 13 comprises
a gatesstart pulse (GSP) for indicating a start horizontal line in
which scanning starts in a first vertical period where a screen
is displayed, a gate shift clock (GSC) signal that is a timing
control signal input to a shift register in the gate driving circuit
13 to sequentially shift the gate start pulse (GSP) and that is
generated to have a pulse width corresponding to the on
period of the TFTs, and a gate output enable (GOE) signal for
indicating the output of the gate driving circuit 13.

[0036] The data timing control signal DDC for controlling
the operation timing of the data driving circuit 12 comprises
a source sampling clock (SSC) for indicating the latch opera-
tion of data in the data driving circuit 12 based on a rising or
falling edge, a source output enable (SOE) signal for indicat-
ing the output of the data driving circuit 12, and a polarity
controlling signal POL for indicating the polarity of a data
voltage to be supplied to the liquid crystal cells Clc of the
LCD panel 10.

[0037] Inaddition, the timing controller 11 re-aligns digital
video data RGB input from an external system board in accor-
dance with the resolution of the LCD panel 10 to supply the
re-aligned digital video data RGB to the data driving circuit
12.

[0038] Thedatadriving circuit 12 converts the digital video
data RGB into an analog gamma correcting voltage based on
gamma reference voltages GMA from a gamma reference
voltage generating unit (not shown) in response to the data
control signal DDC from the timing controller 11 and sup-
plies the analog gamma correcting voltage to the data lines
DL of the LCD panel 10 as a data voltage. Therefore, the data
driving circuit 12 consists of a plurality of data drive 1Cs
comprising a shift register for sampling a clock signal, a
register for temporarily storing the digital video data RGB, a
latch for storing data by one line in response to the clock
signal from the shift register and for simultaneously output-
ting the stored data by one line, a digital/analog converter for
selecting positive/negative gamma voltages with reference to
the gamma reference voltage in response to the digital data
value from the latch, a multiplexer for selecting the data line
DL to which analog data converted by the positive/negative
gamma voltages are supplied, and an output buffer connected
between the multiplexer and the data line DL.

[0039] The gate driving circuit 13 sequentially supplies a
scan pulse for selecting the horizontal line of the LCD panel
10 to which the data voltage is to be supplied to the gate lines
GL. Therefore, the gate driving circuit 13 consists of a plu-
rality of gate drive ICs comprising a shift register, a level
shifter for converting the output signal of the shift register into
aswing width suitable for driving the TFT of the liquid crystal
cell Clc, and an output buffer connected between the level
shifter and the gate line GL.

[0040] The common voltage generating circuit 14 gener-
ates a common voltage whose level varies in stages every
predetermined uniform time (for example, 200 frames) with
reference to the gate start pulse (GSP) supplied from the
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timing controller 11 to supply the generated common voltage
to the common electrode 2 of the LCD panel 10. In addition,
the common voltage generating circuit 14 generates the com-
mon voltage whole level varies in stages every predetermined
uniform time (for example, 200 frames) with reference to the
gate start pulse (GSP) supplied from the timing controller 11
so that the common voltage varies between adjacent horizon-
tal blocks in the same frame with reference to the data enable
signal DE as illustrated in FIG. 7 to supply the generated
common voltage to the common electrode 2 of the LCD panel
10. The common voltage generating circuit 14 will be
described in detail with reference to FIGS. 3 and 8.

[0041] FIG. 3 illustrates the common voltage generating
circuit 14 according to an embodiment of the present inven-
tion in detail.

[0042] Referring to FIG. 3, the common voltage generating
circuit 14 comprises a control clock generating unit 141, a
control data generating unit 142, a register 143, a memory
1434, a decoder 144, a switch array 145, and a resistance
string 146.

[0043] The control clock generating unit 141 comprising a
frame counter, counts the number of frames in synchroniza-
tion with the gate start pulse (GSP) supplied from the timing
controller 11 and generates the control clock SCL illustrated
in FIG. 4 whenever the accumulated count value becomes the
multiple of the predetermined value (for example, 200). The
control clock SCL is generated at 200 frame intervals. Here,
the predetermined value 200 is a value indicating the point of
time at which spots caused by the polarization and accumu-
lation of ions can appear by applying the DC voltage of the
same polarity to the liquid crystal layer and can be set to be
smaller or larger than 200 in consideration of the influence of
a temperature.

[0044] The control clock generating unit 141 can be
embedded in the timing controller 11 instead of being embed-
ded in the common voltage generating circuit 14.

[0045] The control data generating unit 142 generates con-
trol data SDA of a specific bit (for example, 7 bits) in syn-
chronization with the control clock SCL from the control
clock generating unit 141. When the control data SDA has 7
bits, the binary code value of the control data SDA is sequen-
tially and repeatedly increased and reduced between 111
1110(2) and 000 0000(2) in synchronization of the control
clock SCL. Therefore, the control data SDA sequentially
increased and reduced between 0 to 127 levels in synchroni-
zation with the control clock SCL is generated. Therefore, the
control data generating unit 142 can be realized by a linear
feedback shift register (LFSR). The LFSR is a shift register
whose input bit is linear with respect to a previous state and
can generate a bit progression having a period as long as it
looks almost random only if a feedback function is properly
selected. On the other hand, the control data SDA is not
limited to 7 bits and can have bits smaller or larger than 7 bits.
[0046] The memory 143¢ comprises a non-volatile
memory capable of updating and erasing data, for example,
an electrically erasable programmable read only memory
(EEPROM) and/or an extended display identification data
(EDID) ROM and stores the control data SDA increased and
reduced in synchronization with the control clock SCL and a
switch control signal ¢ corresponding to the control data SDA
using a look-up table.

[0047] The register 143 reads the switch control signal ¢
stored in the memory 143a using the control data SDA from
the control data generating unit 142 as a read address in
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accordance with the control clock SCL to supply the read
switch control signal ¢ to a decoder 144. The switch control
signal ¢ output from the register 143 can be formed ofa digital
signal of 7 bits.

[0048] Thedecoder 144 decodes the switch control signal ¢
from the register 143 to output the decoded switch control
signal ¢ through an output pin corresponding to the digital
value of the switch control signal ¢. The decoder 144 com-
prises 128 output pins P0 to P127 to correspond to the switch
control signal ¢ of 7 bits. The output pins PO to P127 are
connected one to one to the gate terminals G of the switches
T0 to T127 that constitute the switch array 145.

[0049] The switch array 145 comprises the plurality of
switches T0 to T127. The gate terminals G of'the switches T0
to T127 are connected one to one to the output pins P0 to P127
of the decoder 144 to receive the switch control signal ¢. The
drain terminals D of the switches T0 to T127 are one to one
connected to divided voltage output nodes n1 to n127 formed
in the resistance string 146 between adjacent resistors R1 to
R127. The source terminals S of the switches T0 to T127 are
commonly connected to acommon voltage supply wire VSL.
Therefore, one of the switches T0 to T127 is turned on in
response to the switch control signal ¢ from the decoder 144
to select one of the plurality of divided voltages as a common
voltage Vcom to be supplied to the common electrode 2.
[0050] In the resistance string 146, as described above, a
plurality of resistors R0 to R127 are serially connected
between a high potential power voltage VH and a low poten-
tial power voltage VL and the plurality of divided voltages
having different levels are generated through the divided volt-
age output nodes nl to n127 between the resistors. As illus-
trated in FIG. 5, the divided voltages become the common
voltage Veom having 128 multi-steps S0 to S127 sequentially
increased and reduced every 200 frames between 0 to 127
levels.

[0051] FIG. 6 illustrates a common voltage Vcom_Swing
increased and reduced having 7 multi-steps as another
example of the multi-steps according to the present invention.
In FIG. 6, Vdata(+) illustrates a positive data voltage, Vdata
(-) illustrates a negative data voltage, and Veom_DC illus-
trates a DC common voltage.

[0052] As illustrated in FIG. 6, it is noted that the common
voltage Vcom_Swing according to an embodiment of the
present invention swings using the 7 multi-steps that change
every 200 frames. Therefore, although the data voltage is
uniformly supplied to a liquid crystal cell for a long time, the
voltage charged in the liquid cell by the swing of'the common
voltage Veom_Swing continuously varies every 200 frames.
For example, when the positive data voltage Vdata(+) of 15V
is uniformly supplied for a long time, the voltage actually
charged in the corresponding liquid cell is increased in stages
from 7.35V to 7.65V from the first step to the seventh step and
is reduced in stages from 7.65V to 7.35V from the seventh
step to the 137 step by the swing of the common voltage
Vecom Swing. On the other hand, when the negative data
voltage Vdata(-) of 0.5V is uniformly supplied for a long
time, the voltage actually charged in the corresponding liquid
cell is reduced in stages from the first step to the seventh step
and is increased in stages from the seventh step to the 13”
step. Therefore, the polarization and accumulation of the ions
caused by the DC voltage of the same polarity applied to the
liquid crystal cell for a long time are prevented.

[0053] FIG. 7illustrates that the LCD panel is divided to be
driven in units of horizontal blocks in the same frame by the
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common voltage of different levels. FIG. 8 illustrates the
common voltage generating circuit 14 according to another
embodiment of the present invention capable of performing
division driving as illustrated in FIG. 7. In FIG. 7, one hori-
zontal block comprises at least one horizontal line.

[0054] Referring to FIG. 8, the common voltage generating
circuit 14 comprises a control clock generating unit 241, a
control data generating unit 242, a register 243, a memory
243a, a decoder 244, a switch array 245, and a resistance
string 246.

[0055] The control clock generating unit 241 comprising a
frame counter 241a counts the number of frames in synchro-
nization with the gate start pulse (GSP) supplied from the
timing controller 11 and generates a first control clock SCL1
whenever the accumulated count value becomes the multiple
of the predetermined value (for example, 200). Here, the
predetermined value 200 is a value indicating the point of
time at which spots caused by the polarization and accumu-
lation of ions can appear by applying the DC voltage of the
same polarity to the liquid crystal layer and can be set to be
smaller or larger than 200 in consideration of the influence of
a temperature. In addition, the control clock generating unit
241 comprising a line counter 2415 counts the number of
horizontal lines in the same frame in synchronization with the
data enable signal DE and generates a second control clock
SCL2 whenever the accumulated count value is changed to a
predetermined value, that is, a horizontal block changes.
Therefore, the first control clock SCL1 is generated at 200
frame intervals and the second control clock SCIL.2 is gener-
ated at the intervals of the point of time at which the horizontal
block changes in the same frame.

[0056] The control clock generating unit 241 can be embe-
ded in the timing controller 11 instead of being embeded in
the common voltage generating circuit 14.

[0057] The control data generating unit 242 generates con-
trol data SDA of a specific bit (for example, 3 bits) in syn-
chronization with the first and second control clocks SCL1
and SCL2 from the control clock generating unit 241. When
the control data SDA has 3 bits, the binary code value of the
control data SDA is sequentially and repeatedly increased and
reduced between 100(2) and 000(2) in synchronization of the
first and second control clocks SCL1 and SCL2. Therefore,
the control data SDA sequentially increased and reduced
between 0 to 4 levels in synchronization with the first control
clock SCL is generated. The control data SDA is sequentially
increased and reduced between the 0 to 4 levels in synchro-
nization with the second control clock SCL2. Therefore, the
control data generating unit 242 can be realized by a linear
feedback shift register (LFSR). The LFSR is a shift register
whose input bit is linear with respect to a previous state and
can generate a bit progression having a period as long as it
looks almost random only if a feedback function is properly
selected. On the other hand, the control data SDA is not
limited to 3 bits and can have bits smaller or larger than 3 bits.
[0058] The memory 243¢ comprises a non-volatile
memory capable of updating and erasing data, for example,
an electrically erasable programmable read only memory
(EEPROM) and/or an extended display identification data
(EDID) ROM and stores the control data SDA increased and
reduced in synchronization with the control clock SCL and a
switch control signal ¢ corresponding to the control data SDA
using a look-up table.

[0059] The register 243 reads the switch control signal ¢
stored in the memory 243a using the control data SDA from
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the control data generating unit 242 as a read address in
accordance with the first and second control clocks SCL1 and
SCL2 to supply the read switch control signal ¢ to a decoder
244. The switch control signal ¢ output from the register 243
can be formed of a digital signal of 3 bits.

[0060] The decoder 244 decodes the switch control signal ¢
from the register 243 to output the decoded switch control
signal ¢ through an output pin corresponding to the digital
value of the switch control signal ¢. The decoder 244 com-
prises 5 output pins PO to P4 to correspond to the switch
control signal ¢ of 3 bits. The output pins PO to P4 are
connected one to one to the gate terminals G of the switches
T0 to T4 that constitute the switch array 245.

[0061] The switch array 245 comprises the plurality of
switches T0 to T4. The gate terminals G of the switches T0 to
T4 are connected one to one to the output pins P0 to P4 of the
decoder 244 to receive the switch control signal ¢. The drain
terminals D of the switches T0to T4 are one to one connected
to divided voltage output nodes n1 to n4 formed in the resis-
tance string 246 between adjacent resistors R1 to R4. The
source terminals S of the switches T0 to T4 are commonly
connected to a common voltage supply wire VSL. Therefore,
one of the switches T0 to T4 is turned on in response to the
switch control signal ¢ from the decoder 244 to select one of
the plurality of divided voltages as a common voltage Vcom
to be supplied to the common electrode 2.

[0062] In the resistance string 246, as described above, a
plurality of resistors R0 to R4 are serially connected between
a high potential power voltage VH and a low potential power
voltage VL and the plurality of divided voltages having dif-
ferent levels are generated through the divided voltage output
nodes n1 to nd between the resistors. Therefore, the common
voltage Veom realized by the divided voltages, as illustrated
in FIG. 9, has 5 multi-steps SO to S4 sequentially increased
and reduced every 200 frames between 0 to 4 levels. The
common voltage Vcom having the 0 to 4 levels, as illustrated
in FIG. 10, is supplied to horizontal blocks BL1 to BL5 with
different levels between adjacent horizontal blocks in the
same frame. The common voltage Vcom having the 5 multi-
steps S0 to S4 increased and reduced between the 0 to 4 levels
is supplied to the same horizontal block in stages.

[0063] As described above, in the LCD according to the
present invention and the method of driving the same, the
level of the common voltage applied to the liquid crystal layer
sequentially varies per predetermined interval so that the
direction and intensity of the electric field vector formed in
the liquid crystal layer can be dispersed. Therefore, the spots
generated by the polarization and accumulation of the ions
can be prevented so that it is possible to remarkably improve
display quality.

[0064] In addition, in the LCD according to the present
invention and the method of driving the same, the level of the
common voltage applied to the liquid crystal layer sequen-
tially varies per predetermined interval and in units of the
horizontal blocks so that the direction and intensity of the
electric field vector formed in the liquid crystal layer can be
effectively dispersed. Therefore, the spots generated by the
polarization and accumulation ofthe ions can be prevented so
that it is possible to remarkably improve display quality.
[0065] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
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cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display (LCD), comprising:

an LCD panel including a plurality of data lines and gate
lines and liquid crystal cells arranged in a matrix at
crossings of the gate lines and the data lines;

a driving circuit for supplying a data voltage to the data
lines and for supplying a scan pulse to the gate lines;

a timing controller for generating a gate start pulse for
indicating a start horizontal line in which scanning starts
in a one frame period where one screen is displayed;

a control clock generator for counting a number of frames
using the gate start pulse and for generating a control
clock whenever an accumulated count value becomes a
multiple of a predetermined value; and

acommon voltage generating circuit for generating control
data of a specific bit based on the control clock and for
generating a common voltage whose level varies in
stages per predetermined interval using the control data
to supply the common voltage to the LCD panel.

2. The LCD of claim 1, wherein the common voltage

generating circuit comprises:

acontrol data generating unit for generating control data of
a specific bit whose digital value is increased and
reduced in stages per predetermined interval in synchro-
nization with the control clock;

a memory for storing the control data increased and
reduced in synchronization with the control clock and a
switch control signal corresponding to the control data
in a look-up table;

aregister for reading the switch control signal stored in the
memory using the control data as a read address;

a decoder for decoding the read switch control signal to be
output;

aresistance string for dividing a high potential power volt-
age and a low potential power voltage to generate a
plurality of voltages having different levels, respec-
tively; and

a switch array for connecting one of a plurality of divided
voltage output nodes formed in the resistance string in
response to the decoded switch control signal to a supply
wire for supplying the common voltage.

3. The LCD of claim 1, wherein a generation period of the
control clock is determined in consideration with a degree of
polarization and accumulation of ions in a liquid crystal layer
in accordance with temperature and time at which a DC
voltage is applied to the liquid crystal layer of the LCD panel.

4. The LCD of claim 1, wherein the control clock generat-
ing unit is embeded in the timing controller or the common
voltage generating circuit.

5. A liquid crystal display (LCD), comprising:

an LCD panel including a plurality of data lines and gate
lines and liquid crystal cells arranged in a matrix at
crossings of the gate lines and the data lines, and is
divided to be driven in units of horizontal blocks;

a driving circuit for supplying a data voltage to the data
lines and for supplying a scan pulse to the gate lines;

a timing controller for generating a gate start pulse for
indicating a start horizontal line in which scanning starts
in a one frame period where one screen is displayed;

a control clock generator for counting a number of frames
using the gate start pulse to generate a first control clock
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whenever an accumulated count value becomes a mul-
tiple of a predetermined value and for counting the num-
ber of horizontal lines in the same frame using a data
enable signal from the outside to generate a second
control clock whenever the horizontal block changes;
and

acommon voltage generating circuit for generating control
data of a specific bit based on the first and second control
clocks and for generating a common voltage whose level
varies in stages per predetermined interval and having
different levels between adjacent horizontal blocks
using the control data to supply the common voltage to
the LCD panel.

6. The LCD of claim 5, wherein the common voltage

generating circuit comprises:

acontrol data generating unit for generating control data of
a specific bit whose digital value is increased and
reduced in stages per predetermined interval and whose
digital value varies before and after a point of time at
which the horizontal block changes in synchronization
with the first and second control clocks;

a memory for storing the control data increased and
reduced in synchronization with the first and second
control clocks and a switch control signal corresponding
to the control data in a look-up table;

aregister for reading the switch control signal stored in the
memory using the control data as a read address;

adecoder for decoding the read switch control signal to be
output;

aresistance string for dividing a high potential power volt-
age and a low potential power voltage to generate a
plurality of voltages having different levels, respec-
tively; and

a switch array for connecting one of a plurality of divided
voltage output nodes formed in the resistance string in
response to the decoded switch control signal to a supply
wire for supplying the common voltage.

7. The LCD of claim 1, wherein a generation period of the
first and second control clocks is determined in consideration
with a degree of polarization and accumulation of ions in a
liquid crystal layer in accordance with temperature and time
at which a DC voltage is applied to the liquid crystal layer of
the LCD panel.

8. A method of driving a liquid crystal display (LCD)
having an LCD panel including a plurality of data lines and
gate lines and liquid crystal cells arranged in a matrix at
crossings of the gate lines and the data lines, and a driving
circuit for supplying a data voltage to the data lines and for
supplying a scan pulse to the gate lines, the method compris-
ing:

generating a gate start pulse for indicating a start horizontal
line in which scanning starts in one frame period where
one screen is displayed;

counting the number of frames using the gate start pulse
and generating a control clock whenever an accumulated
count value becomes a multiple of a predetermined
value; and

generating control data ofa specific bit based on the control
clock and generating a common voltage whose level
varies in stages per predetermined interval using the
control data to supply the common voltage to the LCD
panel.
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9. The method of claim 8, wherein generating the common
voltage comprises:
generating control data of a specific bit whose digital value
is increased and reduced in stages per predetermined
interval in synchronization with the control clock;

storing the control data increased and reduced in synchro-
nization with the control clock and a switch control
signal corresponding to the control data in a look-up
table;

reading the switch control signal stored in the memory

using the control data as a read address;

decoding the read switch control signal to be output; and

dividing a high potential power voltage and a low potential

power voltage to connect one of a plurality of divided
voltage output nodes formed in a resistance string for
generating a plurality of voltages having different levels
to a supply wire for supplying the common voltage in
response to the decoded switch control signal.

10. A method of driving a liquid crystal display (LCD)
having an LCD panel including a plurality of data lines and
gate lines and liquid crystal cells arranged in a matrix at
crossings of the gate lines and the data lines, and is divided to
be driven in units of horizontal blocks, and a driving circuit
for supplying a data voltage to the datalines and for supplying
a scan pulse to the gate lines, the method comprising:

generating a gate start pulse for indicating a start horizontal

line in which scanning starts in a one frame period where
one screen is displayed,
counting the number of frames using the gate start pulse to
generate a first control clock whenever an accumulated
count value becomes a multiple of a predetermined
value and counting the number of horizontal lines in the
same frame using a data enable signal from the outside to
generate a second control clock whenever the horizontal
block changes; and
generating control data of a specific bit based on the first
and second control clocks and for generating a common
voltage whose level varies in stages per predetermined
interval and having different levels between adjacent
horizontal blocks using the control data to supply the
common voltage to the LCD panel.
11. The method of claim 10, wherein generating the com-
mon voltage comprises:
generating control data of a specific bit whose digital value
is increased and reduced in stages per predetermined
interval and whose digital value varies before and after a
point of time at which the horizontal block changes in
synchronization with the first and second control clocks;

storing the control data increased and reduced in synchro-
nization with the first and second control clocks and a
switch control signal corresponding to the control data
in a look-up table;

reading the switch control signal stored in the memory

using the control data as a read address;

decoding the read switch control signal to be output; and

dividing a high potential power voltage and a low potential

power voltage to connect one of a plurality of divided
voltage output nodes formed in a resistance sting for
generating a plurality of voltages having different levels
to a supply wire for supplying the common voltage in
response to the decoded switch control signal.

* ok % %k %
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