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METHOD AND APPARATUS FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present invention claims the benefit of Korean
Patent Application No. P2002-80228 filed in Korea on Dec.
16, 2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a method and apparatus
for driving a liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] 1Ingeneral, liquid crystal display (LCD) devices dis-
play images by controlling light transmittance of a liquid
crystal material using application of an electric field. The
LCD devices comprise a liquid crystal display panel, wherein
liquid crystal cells are arranged in an active matrix configu-
ration, and a drive circuit for driving the liquid crystal display
panel.

[0006] FIG. 1 is a schematic plan view of a liquid crystal
display device according to the related art. In F1G. 1, a liquid
crystal display device comprises data drive integrated circuits
(ICs) 4 connected to a liquid crystal display panel 2 through
data tape carrier packages (TCPs) 6, and gate drive ICs 8
connected to the liquid crystal display panel 2 through gate
TCPs 10. Although not shown, the liquid crystal display panel
2 comprises thin film transistors formed at each intersection
area of gate and data lines, and a liquid crystal cell connected
to the thin film transistor, wherein a gate electrode of the thin
film transistor is connected to one of the gate lines and a
source electrode of the thin film transistor is connected to any
one of the data lines. Accordingly, the thin film transistor
supplies a pixel voltage signal transmitted along the data line
to the liquid crystal cell in response to a scan signal transmit-
ted along the gate line. In addition, the liquid crystal cell
comprises a pixel electrode connected to a drain electrode of
the thin film transistor and a common electrode that faces the
pixel electrode with a liquid crystal material disposed ther-
ebetween. Thus, the liquid crystal cell adjusts the light trans-
mittance by driving the liquid crystal material in response to
the pixel voltage signal supplied to the pixel electrode.
[0007] InFIG.1, each ofthe gate drive ICs 8 is mounted on
one of gate TCPs 10, and is electrically connected to a gate
pad ofthe liquid crystal display panel 2 through the gate TCPs
10. Accordingly, the gate drive ICs 8 sequentially drive the
gate lines of the liquid crystal display panel 2 for each hori-
zontal period (1H). Similarly, each of the data drive ICs 4 is
mounted on one of the data TCPs 6, and is electrically con-
nected to a data pad of the liquid crystal display panel 2
through the data TCPs 6. Accordingly, the data drive ICs 4
convert digital pixel data into analog pixel voltage signals and
supply it to the data lines of the liquid crystal display panel 2
for each horizontal period (1H).

[0008] FIG. 2 is a schematic block diagram of a data drive
1Cof FIG. 1 according to the related art. In F1G. 2, each of the
data drive ICs 4 comprises a shift register array 12 that
sequentially supplies sampling signals, first and second latch
arrays 16 and 18 that provide and latch pixel data in response
to the sampling signals, a first multiplexer (MUX) 15 that is
arranged between the first and the second latch arrays 16 and
18, a digital-to-analog converter (DAC) array 20 that converts
the pixel data from the second latch array 18 into pixel voltage
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signals, a buffer array 26 that buffers the pixel voltage signals
from the DAC array 20 to provide buffered signals, and a
second MUX array 30 that selects a proceeding path of the
output of the buffer array 26. In addition, the data drive ICs 4
further comprise a data register 34 for relaying pixel data
(R,G,B) supplied from a timing controller (not shown) and a
gamma voltage part 36 for supplying positive and negative
gamma voltages to the DAC array 20. Each of the data drive
ICs 4 has an N-number of channels of data output (i.e., 384 or
480 channels) in order to drive an N-number of the data lines.
For example, FIG. 2 shows only 6 channels (DL1 to DL6) of
an N-number of channels of the data drive IC 4.

[0009] The data register 34 relays the pixel data from the
timing controller (not shown) and supplies them to the first
latch array 16. The timing controller divides the pixel data
into even pixel data (RGBeven) and odd pixel data (RGBodd)
for lowering transmittance frequency and supplies them to the
data register 34 through each transmittance line. The data
register 34 provides the even pixel data (RGBeven) and the
odd pixel data (RGBodd) received to the first latch array 16
through corresponding transmittance lines, wherein each of
the even pixel data (RGBeven) and the odd pixel data (RG-
Bodd) includes red (R), green (G), and blue (B) pixel data.

[0010] The gamma voltage part 36 subdivides a plurality of
gamma reference voltages received from a gamma reference
voltage generator (not shown) by gray levels to provide sub-
divided gamma reference voltages.

[0011] FIG. 3 is a schematic circuit diagram of a gamma
reference voltage generator according to the related art. In
FIG. 3, the gamma reference voltage generator generates
gamma reference voltages (GMA1 to GMA10) of 10 steps
that are to form an entire range of gray levels of 64 steps and
supplies them to the gamma voltage part 36. More specifi-
cally, the gamma reference voltage generator generates posi-
tive gamma reference voltages (GMA1 to GMAS) and nega-
tive gamma reference voltages (GMA6 to GMA10) by
dividing a supply voltage provided from an external power
supply 1 for reference power supply. When dividing the entire
gray level by 5 steps, the gamma reference voltages (GMA1
to GMA10) become gamma compensation voltages that cor-
respond to each of the steps.

[0012] FIG. 4 is a schematic circuit diagram of a gamma
voltage part according to the related art. In FIG. 4, the gamma
voltage part 36 (in FIG. 2) divides the gamma reference
voltages (GMAL1 to GMA10) to generate gamma compensa-
tion voltages (VHO, VH1, . . . ) that correspond to the gray
levels sub-divided between the gamma reference voltages
(GMA1 to GMA 10). The gamma voltage part 36 comprises
a plurality of resistors R1 connected in series between the
gamma reference voltages of adjacent steps (GMA1 to
GMA10) (i.e., between GMA1 and GMA2, between GMA2
and GMA3, ..., between GMA9 and GMA10). Accordingly,
the gamma compensation voltages (VHO, VH1, . . . ) are
generated as the gamma reference voltages being subdivided
by the registers.

[0013] The shift register array 12 generates sequential sam-
pling signals and supplies them to the first latch array 16,
which includes an n/6-number of the shift registers 14. For
example, the shift register 14 of a first stage (in FIG. 2) shifts
a source start pulse (SSP) received from the timing controller
according to a source sampling clock signal (SSC) to provide
it as the sampling signal, and at the same time provides to the
shift register 14 of the next stage as a carry signal (CAR).
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[0014] FIG. 5A is diagram of an odd frame driving wave-
form of the data drive IC of FIG. 2 according to the related art,
and F1G. 5B is a waveform diagram of an even frame driving
waveform of the data drive IC of FIG. 2 according to the
related art. In FIGS. 5A and 5B, the source start pulse (SSP)
is supplied for each horizontal period (1H) and is provided as
sampling signals shifted for each source sampling clock sig-
nal (SSC).

[0015] InFIG.2, the firstlatch array 16 samples and latches
the pixel data (RGBeven, RGBodd) from the data register 34
by a prescribed number of units in response to the sampling
signal from the shift register array 12. The first latch array 16
comprises the N-number of the first latches 13 in order to
latch the N-number of the pixel data (R,G,B), and each of the
first latches 13 has a size corresponding to the number of bits
(i.e., 3 bit or 6 bit) of the pixel data (R.G,B). Accordingly, the
first latch array 16 samples and latches the even pixel data
(RGBeven) and the odd pixel data (RGBodd) for each sam-
pling signal (i.e., six numbers of the pixel data), and then
provides all of them at the same time.

[0016] The first MUX array 15 determines the proceeding
path of the pixel data (R,G,B) provided from the first latch
array 16 in response to a polarity control signal (POL) from
the timing controller. Thus, the first MUX array 15 comprises
an “N-1"-number of first MUXs 17, wherein each of the first
MUXs 17 receives outputs of two adjacent first latches 13 and
outputs the pixel data (R,G,B) in accordance with the polarity
control signal (POL). In addition, the output of each of the
remaining first latches 13, except for the first and the last
latches 13, commonly receive the pixel data (R,G,B) from
two adjacent first MUXs 17. The output of the first and the last
latches 13 is commonly received by the second latch array 18
and the first MUX 17, respectively. The first MUX array 15
controls the pixel data (R,G,B) in accordance with the polar-
ity control signal (POL) from each of the first latches 13 to
proceed to the second latch part 18, or controls the pixel data
(R,G,B) to proceed to the second latch part 18 by shifting to
the right by one line.

[0017] Asshownin FIGS. 2,5A, and 5B, the polarity of the
polarity control signal (POL) is inverted by one horizontal
period (1H). As a result, the first MUX array 15 controls the
polarity of the pixel data (R,G,B) by a positive DAC (P DAC)
24 or a negative DAC (N DAC) 22 of the DAC array 20
through the second latch array 18, wherein each of the pixel
data (R,G,B) from the first latch array 16 responds to the
polarity control signal (POL).

[0018] The second latch array 18 simultaneously latches
and provides the pixel data (R,G,B) received from the first
latch array through the first MUX array 15 in response o a
source output enable signal (SOE) from the timing controller,
and provide the latched pixel data (R,G,B). In addition, the
second latch array 18 comprises an “N+1”-number of the
second latches 19 when the pixel data (R,G,B) from the first
latch array 16 is shifted to the right and received. The source
output enable signal (SOE), as shown in FIGS. 5A and 5B, is
generated for each horizontal period (1H). The second latch
array 18 simultaneously latches the pixel data (R,G,B) pro-
vided at a rising edge of the source output enable signal (SOE)
and provides the pixel data (R,G,B) at a falling edge.

[0019] The DAC array 20 converts the pixel data (R,G.B)
from the second latch array 18 into the pixel voltage signal
using the positive and the negative gamma compensation
voltages (GH(+VH), GL(-VH)) from the gamma voltage part
and provides them. For example, the DAC array 20 converts
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and provides voltages of any one of a plurality of the positive
and the negative gamma compensation voltages (GH, GL)
into the pixel voltage signal in correspondence to the data
provided from the second latch array 18. In addition, the
PDAC1 24 provided the first data from the second latch 19, as
shown in FIG. 4, provides VH6 voltage to the pixel voltage
signal.

[0020] For this purpose, the DAC array 20 comprises an
“N+17-number of PDAC 24 and NDAC 22, wherein the
PDAC 24 and NDAC 22 are alternatively arranged in parallel
for dot inversion driving. The PDAC 24 converts the pixel
data (R,G,B) from the second latch array 18 into positive pixel
voltage signals using a positive gamma voltage signal, and the
NDAC 22 converts the pixel data (R,G,B) from the second
latch array 18 into negative pixel voltage signals using a
negative gamma voltage signal. Each of the “N+1"-number of
buffers 28 included in the buffer array buffers the pixel volt-
age signals provided from each PDAC 24 and NDAC 22 ofthe
DAC array 20, and provides the buffered pixel voltage signals
as its output.

[0021] The second MUX array 30 determines the proceed-
ing path of the pixel voltage signals supplied from buffer
array 26 in response to the polarity control signal (POL) from
the timing controller. For this purpose, the second MUX array
30 comprises the N-number of the second MUXs 32, wherein
each of the second MUXs 32 responds to the polarity control
signal (POL), selects the output of any one of two adjacent
buffers 28, and provides them to the corresponding data line
(DL). In addition, the output terminals of the remaining buff-
ers 28, except for the first and the last buffers 28, are each held
in common to two adjacent second MUXs 32. The second
MUX array 30 having such a configuration responds to the
polarity control signal (POL) and makes the pixel voltage
signals from each buffer 28, except for the last buffer 28,
through its corresponding data line (DL1 to DL6). Further-
more, the second MUX array 30 responds to the polarity
control signal (POL) and allows the pixel voltage signals
from each of the remaining buffers 29, except for the first
buffer 28, to be shifted to theleft by one line and to correspond
on a one-to-one basis with the data line (DL1 to DL6).
[0022] The polarity control signal (POL) is supplied to the
first MUX array 15, as shown in FIGS. 5A and 5B, and its
polarity is simultaneously inverted for each one horizontal
period (1H). Accordingly, the second MUX array 30 together
with the first MUX array 15 responds to the polarity control
signal and determines the polarity of the pixel voltage signals
supplied to the data lines(DL1 to DL6). Thus, the pixel volt-
age signals supplied to each data line through the second
MUX array 30 has the polarity contrary to adjacent pixel
voltage signals. In other words, the pixel voltage signals on
odd-numbered ones of the data lines (DLodd), such as DL1,
DL3, DL5, and the pixel voltage signals provided to even-
numbered ones of the data lines (DLeven), such as DL2, DL4,
DL6, have contrary polarities to each other. In addition, the
polarity of the odd-numbered ones of the data lines (DLodd)
and the even-numbered ones of the data lines (DLeven) are
periodically inverted for each horizontal period (1H) where
the gate lines (GL1, GL2, GL3, . . .) are sequentially driven,
and in addition are inverted for each frame unit.

[0023] However, each of the data drive ICs 4 (in FIG. 1)
should include an “N+1”-number of the DACs and the buffers
in order to drive an N-number of the data lines. Thus, the data
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drive ICs 4 have a disadvantage in that their configuration is
complicated and fabrication costs are relatively high.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to a
method and apparatus for driving a liquid crystal display
device that substantially obviates one or more ofthe problems
due to limitations and disadvantages of the related art.
[0025] An object of the present invention is to provide a
method for driving a liquid crystal display device capable of
decreasing a total number of data driver integrated circuit
chips.

[0026] Another object of the present invention is to provide
an apparatus for driving a liquid crystal display device for
decreasing a total number of data driver integrated circuit
chips.

[0027] Another object of the present invention is to provide
a method for driving a liquid crystal display device to com-
pensate for pixel voltage differences.

[0028] Another object of the present invention is to provide
an apparatus for driving a liquid crystal display device to
compensate for pixel voltage differences.

[0029] 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.

[0030] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a driving apparatus of a liquid crystal
display device includes a multiplexer array for performing
time-division on inputted pixel data to supply time-divided
pixel data, a digital-to-analog converter array for converting
the time-divided pixel data into pixel voltage signals, and a
demultiplexer array for driving data lines in a time-division
manner to supply the converted pixel voltage signals, wherein
the digital-to-analog converter array receives a plurality of
pixel voltage signal levels inputted from an external source
and generates the pixel voltage signals using the pixel voltage
signal level with a voltage at least one-step higher in absolute
value than the original pixel voltage signal level in correspon-
dence to at least one pixel data.

[0031] In another aspect, a method for driving a liquid
crystal display device includes performing time-division on
pixel data inputted from an external source to output time-
divided pixel data, converting the time-divided pixel data into
pixel voltage signals, and performing time-division on data
lines to supply the converted pixel voltage signals thereto,
wherein the step of converting the pixel data into the pixel
voltage signals includes generating the pixel voltage signals
using a pixel voltage signal level having a voltage at least one
step higher in absolute value than an original pixel voltage
signal level in correspondence to at least one pixel data.
[0032] Itisto beunderstood 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

[0033] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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incorporated in and constitute a part of this specification,
illustrates embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0034] FIG. 1 is a schematic plan view of a liquid crystal
display device according to the related art;

[0035] FIG. 2 is a schematic block diagram of a data drive
IC of FIG. 1 according to the related art;

[0036] FIG. 3 is a schematic circuit diagram of a gamma
reference voltage generator according to the related art;
[0037] FIG. 4 is a schematic circuit diagram of a gamma
voltage part according to the related art;

[0038] FIG. 5A is diagram of an odd frame driving wave-
form of the datadrive IC of FIG. 2 according to therelated art;
[0039] FIG. 5B is a waveform diagram of an even frame
driving waveform of the data drive IC of FIG. 2 according to
the related art;

[0040] FIG. 6isaschematic block diagram ofanexemplary
data drive IC according to the present invention;

[0041] FIG. 7A is a diagram of an exemplary odd frame
driving waveform of the data drive IC of FIG. 6 according to
the present invention;

[0042] FIG. 7B is a diagram of an exemplary even frame
driving waveform of the data drive IC of FIG. 6 according to
the present invention;

[0043] FIG. 8 is a schematic waveform diagram of an
exemplary discharging process of a pixel voltage signal
charged in a first half period according to the present inven-
tion;

[0044] FIG. 9A is a diagram of another exemplary odd
frame driving waveform of a data drive IC according to the
present invention,;

[0045] FIG. 9B is waveform of another exemplary even
frame driving waveform of a data drive IC according to the
present invention; and

[0046] FIG. 10 is aschematic waveform diagram of another
exemplary discharging process of a pixel voltage signal
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0047] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0048] FIG. 6isaschematic block diagram ofanexemplary
data drive IC according to the present invention, FIG. 7A is a
diagram of an exemplary odd frame driving waveform of the
data drive IC of FIG. 6 according to the present invention, and
FIG. 7B is a diagram of an exemplary even frame driving
waveform of the data drive IC of FIG. 6 according to the
present invention. In FIG. 6, a data drive IC may comprise a
shift register array 42 for supplying sequential sampling sig-
nals, first and second latch arrays 46 and 50 for latching pixel
data (R,G,B) in response to the sampling signals, a first MUX
array 54 for performing time-division on the pixel data (R,G,
B) from the second latch array 50, a second MUX array 58 for
controlling a proceeding path of the pixel data (R,G,B) sup-
plied from the first MUX array 54, a DAC array 62 for con-
verting the pixel data (R,G,B) from the second MUX array 58
into pixel voltage signals, a buffer array 68 for buffering the
pixel voltage signals from the DAC array 62, a third MUX
array 80 for controlling the proceeding path of the outputs of
the buffer array 68, and a DEMUX array 84 for performing
time-division on the pixel voltage signals from the third MUX
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array 80 to data lines (DL1 to DL12). In addition, the data
drive IC may comprise a data register 88 for relaying the pixel
data (R,G,B) supplied from a timing controller (not shown)
and a gamma voltage part 90 for supplying positive and
negative gamma voltages necessary to the DAC array 62.

[0049] The data drive IC may drive a 2N-number of data
lines using NDACs 64 and PDACs 66, and an “N+1”-num-
bers of buffers 70 by means of time-division driving the DAC
array 62 using the first MUX array 54 and the DEMUX array
84. Accordingly, the data drive IC may have a 2N-number of
channels of data outputs in order to drive the 2N-number of
the data lines. For example, in FIG. 6, only 12 channels (DL1
to DL12) are shown assuming that N=6.

[0050] The data register 88 relays the pixel data from the
timing controller and supplies it to the first latch array 46.
Specially, the timing controller divides the pixel data into
even pixel data (RGBeven) and odd pixel data (RGBodd) to
lower the transmittance frequency and supplies them to the
data register 88 through transmittance lines. The data register
88 provides the even pixel data (RGBeven) and the odd pixel
data (RGBodd) to the first latch array 46 through each of the
transmittance lines. For example, each of the even pixel data
(RGBeven) and the odd pixel data (RGBodd) may includered
(R), green (G), and blue (B) pixel data.

[0051] The gamma voltage part 90 sub-divides a plurality
of gamma reference voltages received from a gamma refer-
ence voltage generator (not shown) by gray levels and pro-
vides the sub-divided gamma reference voltages. For
example, similar to FIG. 3, the gamma reference voltage
generator generates the gamma reference voltages (GMAL to
GMA10) being divided by 10 steps into 64 steps of entire gray
level range and supplies them to the gamma voltage part 90.
More specifically, the gamma reference voltage generator
generates positive gamma reference voltages (GMAL to
GMAS) and negative gamma reference voltages (GMAG6 to
GMAI10) by dividing a supply voltage provided from an
external power supply for reference power supply. When
dividing the entire gray level by 5 steps, the gamma reference
voltages (GMALI to GMA10) become gamma compensation
voltages corresponding to each of the steps.

[0052] The gamma voltage part 90, similar to FIG. 4, volt-
age-divides the gamma reference voltages (GMA1 to
GMAI10) and generates the gamma compensation voltages
(VHO.VH1, . . .) corresponding to the gray level sub-divided
between the gamma reference voltages (GMA1 to GMA 10).
For this purpose, the gamma voltage part 90 comprises a
plurality of resistors connected in series between the gamma
reference voltages of adjacent steps (GMA1 to GMA10), and
more specifically, between GMA1 and GMA2, between
GMA2 and GMAS3, . .., and between GMA9 and GMA10.
The gamma compensation voltages (VH0, VH1, . . . ) are
generated as the gamma reference voltages being sub-divided
by the registers arranged like this.

[0053] The shift register array 42 generates sequential sam-
pling signals and supplies them to the first latch array 46 and
for this purpose comprises a “2N/6”-number of the shift reg-
isters 44 (here, N=6). The shift register 44 of the first stage, as
shown in FIG. 6, shifts a source start pulse (SSP) received
from the timing controller in accordance with a source sam-
pling clock signal (SSC) and provides it as sanipling signals
and at the same time supplies it as carry signal (CAR) to the
shift register 44 of the next stage. The source start pulse
(SSP), as shown in FIGS. 7A and 7B, is supplied by the
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horizontal period and is shifted by the source sampling clock
signal (SSC) and is provided as a sampling signal.

[0054] The first latch array 46 samples and latches the pixel
data (RGBeven, RGBodd) from the data register 88 by the
same unit in response to the sampling signals from the shift
register array 42. The first latch array 46 comprises a
2N-number of the first latches in order tolatch the 2N-number
of the pixel data (R,G,B) (here N=6) and each of the first
latches 48 has a size corresponding to a bit number (i.e., 3 bit
or 6 bit) of the pixel data (R,G,B). Thus, the first latch array 46
samples and latches the even pixel data (RGBeven) and the
odd pixel data (RGBodd), namely the pixel data of 6 numbers
for each sampling signal and then provides them at the same
time.

[0055] The second latch array 50 latches the pixel data
(R,G,B) from the first latch array 46 in response to the source
output enable (SOE) from the timing controller at the same
time and then provides them. The second latch array 50 com-
prises the 2N-number of the second latches 52 (here, N=6)
identically to those of the first latch array 46. The source
output enable (SOE), as shown in FIGS. 7A and 7B, is gen-
erated for each horizontal period.

[0056] The first MUX array 54 performs the time-division
on the 2N-number of the pixel data (here, N=6) from the
second latch array 50 on an N-by-N basis for each H/2 period
in response to the first and the second selection control signals
(61, 62) from the timing controller. For this purpose, the first
MUX array 54 comprises the N-number of the first MUXs,
and each of the first MUXs 56 selects an output of any one of
two of the second latches 52 in the second latch array 50. In
other words, each of the first MUXs 56 performs the time-
division on the output of two second latches 52 for each 1/2
horizontal period.

[0057] For dot inversion driving, the odd first MUX 56
responds to the first selection control signal (61) and selects
any one of outputs of the two odd second latches and the even
first MUX 56 responds to the second selection control signal
(62) and selects any one of outputs of the two even second
latches 52. For example, the first MUX 56 of the first order
responds to the first selection control signal (61) and in the
firsthalfofone horizontal term selects the first pixel data from
the second latch 52 of the first order and provides it. In the
second half the first MUX 56 of the first order selects the third
pixel data from the second latch 52 of the third order and
provides it. The first MUX 56 of the second order responds to
the second selection control signal (62) and in the first half of
one horizontal term selects the second pixel data from the
second latch 52 of the second order and provides it. In the
second half the first MUX 56 of the second order selects the
fourth pixel data from the second latch 52 of the fourth order
and provides it. The first and the second selection control
signals 61 and 62, as shown in FIGS. 7A and 7B, have a
polarity contrary to each other and their polarities are inverted
for each horizontal term.

[0058] The second MUX array 58 responds to the polarity
control signal (POL) from a polarity controller 92 and deter-
mines the proceeding path of the pixel data (R,G,B) supplied
from the first MUX array 54. For this purpose, the second
MUX array 58 comprises the “N-1"-number of the second
MUXs 60, wherein each of the second MUXs 60 receives the
outputs of two adjacent first MUX 56 and provides them
selectively in accordance with the polarity control signal
(POL). Accordingly, the output of each of the remaining first
MUXs 56, except for the first MUXs 56 of the first and the last
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order, commonly receives the two adjacent second MUX 60.
The output of the first MUXs 56 of the first and the last order
is commonly received to the PDAC 66 and the second MUX
60. The second MUX array 58 having such a configuration
controls in accordance with the polarity control signal (POL)
so that the pixel data (R,G,B) from each of the first MUXs
may be provided to the DAC array 62, or controls so that they
may be provided to the DAC array 62 and shifted to the right
line by line.

[0059] As shown in FIGS. 7A and 7B, for dot inversion
driving, the polarity of the polarity control signal (POL) is
inverted by the horizontal term. Subsequently, the second
MUX array 58 controls the polarity of the pixel data (R,G,B)
where each of the pixel data (R,G,B) from the first MUX array
54 responds to the polarity control signal (POL) by means of
being provided to the PDAC 64 or the NDAC 66 disposed
alternately in the DAC array 62. For example, the first and the
third pixel data sequentially provided from the first MUX 56
of the first order in the first horizontal term are directly sup-
plied to the PDAC1 66 and do not pass through the second
MUX 60, and the second and the fourth pixel data sequen-
tially provided from the first MUX 56 of the second order are
supplied to NDAC1 64 by the second MUX 60 of the first
order. In the second horizontal term, the first and the third
pixel data are supplied to the NDAC1 64 by the second MUX
60 of the first order, and the second and the fourth pixel data
are supplied to PDAC2 66 by the second MUX 60 of the
second order.

[0060] The DAC array 62 converts the pixel data (R,G.,B)
from the second MUX array 58 into the pixel voltage signals
using the positive and negative gamma voltages (GH(+VH),
GL(-VH)) from the gamma voltage part 90. Specifically, the
DAC array 62 provides some voltage of the positive and the
negative gamma compensation voltages (GH,GL) in corre-
spondence to the pixel data received from the second MUX
array 58 to the pixel voltage signals. For example, the PDAC2
64 receives the first data from the second MUX array 58
provides VH6 voltage, as shown in FIG. 4, to the pixel voltage
signals.

[0061] For this purpose, the DAC array 62 comprises the
“N+1”-numbers of PDACs 66 and NDACs 64. For dot inver-
sion driving, the PDAC 66 and the NDAC 64 are disposed
alternately in parallel. The PDAC 66 converts the pixel data
(R,G,B) from the second MUX array 58 into positive pixel
voltage signals in using the positive gamma voltage (GH),
and the NDAC 64 converts the pixel data (R,G,B) from the
second MUX array 58 into negative pixel voltage signals
using the negative gamma voltage (GL). Accordingly, the
PDAC 66 and NDAC 64 convert the digital pixel data received
foe each 1/2 horizontal term into analog pixel voltage signals.
[0062] As shown in FIGS. 7A and 7B, the PDAC1 66 con-
verts the odd pixel data [1,1] and [1,3], which are time-
divided in the first horizontal term, into the pixel voltage
signals. At the same time, the NDAC 64 converts the even
pixel data [1,2] and [1,4], which are time-divided in the first
horizontal term, into the pixel voltage signals. Then, NDAC2
64 provides and converts the odd pixel data [2,1] and [2,3]
provided as time-dividing in the second horizontal term into
the pixel voltage signals. At the same time, PDAC2 66 con-
verts the even pixel data [2,2] and [2.4] received as time-
dividing in the second horizontal term into the pixel voltage
signals. By the DAC array 62, the 2N-number of the pixel data
are time-divided by an N-number for the 1/2 horizontal term
and are provided as being converted into the pixel voltage
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signals. Each ofthe “N+1”-numbers of the buffers included in
the buffer array 68 buffers the pixel voltage signals provided
from each of the PDAC 66 and NDAC 64 of the DAC array 62.
[0063] The third MUX 80 responds to the polarity control
signal (POL) from the timing controller and determines the
proceeding path of the pixel voltage signal supplied from the
buffer array 68. For this purpose, the third MUX array 80
comprises the N-number of the third MUXs 82 (here, N=6).
Each of the third MUXs 82 responds to the polarity control
signal (POL) and selects output of any one of two adjacent
buffers 70. Here, the output stage of the remaining buffers 70,
except for the first and the last buffers 70, commonly receives
two adjacent third MUXs 82. The third MUX array 82 having
such a configuration responds to the polarity control signal
(POL) and provides the pixel voltage signals from each of the
buffers 70, except for the last buffer 70, to its corresponding
DEMUXs 86. Furthermore, the third MUX array 82 responds
to the polarity control signal (POL) and provides the pixel
voltage signals from each of the remaining buffers 70, except
for the first buffer 70, provided to its corresponding DEMUXs
86. The polarity of the polarity control signal (POL), as
shown in FIGS. 7A and 7B, is inverted for each horizontal
term for dot inversion driving identically with what is sup-
plied to the second MUX array 58. The third MUX array 80
responds to the polarity control signal (POL) and determines
the polarity of the pixel voltage signals together with the
second MUX array 58. As a result, the pixel voltage signals
provided from the third MUX array 80 has the polarity con-
trary to adjacent pixel voltage signal and its polarity is
inverted for each horizontal term.

[0064] The DEMUX array 84 responds to the first and the
second selection control signals 01 and 02 from the timing
controller and selectively supplies the pixel voltage signal
from the third MUX array 80 to a 2N-number of the data lines
(here, N=6). For this purpose, the DEMUX array 84 com-
prises an N-number of the DEMUXs 86, wherein each of the
DEMUXs 86 supplies and time-divides the pixel voltage
signals supplied from each of the third MUX 82 to a set of the
two data lines. For example, the odd DEMUX 86 responds to
the first selection control signal 681 and performs time-divi-
sion on the output of the odd third MUX 82 to the two odd data
lines. The even DEMUX 86 responds to the second selection
control signal 62 and supplies as time-dividing the output of
the two even third MUX 82 to the two even data lines. The first
and the second selection control signal 61 and 62, as shown in
FIGS. 5A and 5B, have the polarity contrary to each other and
their polarity are inverted for each horizontal term as similar
as being supplied to the first MUX array 54.

[0065] As shown in FIGS. 7A and 7B, the DEMUX 86 of
the first order responds to the first selection control signal 61
and selectively supplies the output of the third MUX 82 of the
first order for each 1/2 horizontal term to the first and the third
data line. Similarly, the DEMUX 86 of the second order
responds to the second selection control signal 82 and selec-
tively supplies the output of the third MUX 82 of the second
order for each 1/2 horizontal term to the second and the fourth
data lines.

[0066] More specifically, the DEMUX 86 of the first order
responds to the first selection control signal 01, and supplies
the pixel voltage signal [1,1] to the first data line (DL1) in the
first half of the first horizontal term in which the first gate line
(GL1)1s activated, and supplies the pixel voltage signal [1,3]
to the third data line (DL3) in the second half. At the same
time, the DEMUX 86 of the second order responds to the
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second selection control signal 62, and supplies the pixel
voltage signal [1,2] to the second data line (DL2) in the first
half of the first horizontal term (H1), and supplies the pixel
voltage signal [1,4] to the fourth data line (DL4) in the second
half.

[0067] In addition, the DEMUX 86 of the first order sup-
plies the pixel voltage signals [2,1] and [3,1] to the first data
line (DL.1) in the first half of each of the second horizontal
term (H2) and the third horizontal term (H3), and supplies the
pixel voltage signals [2,3] and [3,3] to the third data line
(DL3) in the second half. The DEMUX 86 of the second order
supplies the pixel voltage signals [2,2] and [3,2] to the second
data line (DL2) in the first half of each of the second horizon-
tal term (H2) and the third horizontal term (H3), and supplies
the pixel voltage signals [2,4] and [3,4] to the fourth data line
(DL4) in the second half.

[0068] By the datadrive IC having such a configuration, the
pixel voltage signals provided to the odd data lines, such as
DL1 and DL2, and the pixel voltage signals provided to the
even data lines, such as DL2 and DL4, as shown in FIGS. 7A
and 7B, have polarities contrary to each other. In addition, the
polarities of the odd data lines (DL1, DL3, . . . ) and the even
data lines (DL2, DL4, .. .) are inverted for each one horizon-
tal period (1H) in which the gate lines (GL1, GL.2, GL3, . ..
)are sequentially driven and in addition inverted by the frame.
[0069] As described above, the data drive IC according to
the present invention can drive the data lines of a 2N-number
of channels using a “N+1”-number of the DAC since the DAC
array 1s time-division-driven. Alternatively, since each of the
data drive ICs comprising the “N+17”-number of the DAC
drives the 2N-number of the data lines, the number of DAC
1Cs is reduced by a one-half. On the other hand, since the
present invention is divided in two one horizontal term (1H)
and supplies respectively the pixel voltage signals in the first
half and the second half, the problem arises in that the differ-
ence of the pixel voltage charging quantity between liquid
crystal cells will occur.

[0070] FIG. 8 is a schematic waveform diagram of an
exemplary discharging process of a pixel voltage signal
charged in a first half period according to the present inven-
tion. In FIG. 8, liquid crystal cells supplied with a pixel
voltage signal in a first half of one horizontal term float in a
second half of the one horizontal term. Accordingly, during
the second half of one horizontal term in which the liquid
crystal cells float, the pixel voltage signals charged to the
liquid crystal cell becomes discharged. Thus, if the pixel
voltage signals charged in the first half of the liquid crystal
cell is discharged in the second half of the liquid crystal cell,
the voltage, which is lower than the desired voltage (as low as
AV), becomes charged to the liquid crystal cell. Therefore,
image quality of the liquid crystal display panel deteriorates.
[0071] To solve this problem, the DAC array 62 of the
present invention provides the positive and the negative polar-
ity gamma compensation voltages (GH,GL) having the volt-
age of absolute value higher than original voltages (prefer-
ably as high as AV) to the pixel voltage signals in
correspondence to the pixel data (R,G,B) provided in the first
half of one horizontal period of the pixel data (R,G,B) sup-
plied from the first MUX array 54 and/or the second MUX
array 58. Explaining this in full detail, the DAC array 62 is
provided the pixel data (R,G,B) from the first MUX array 54
and/or the second MUX array 58. Then, the DAC array 62
provides the pixel voltage signals corresponding to the pixel
data (R,G,B) of the pixel voltage signals received from the
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gamma voltage part 90. Thus, the DAC array 62 provides the
pixel voltage signals having the absolute value voltage higher
than the pixel voltage signals (at least more than one step)
corresponding to the original pixel data (R,G,B) of the pixel
voltage signal having a plurality of levels. For example, ifthe
pixel voltage signals originally provided from the PDAC 64 to
be received the first data is a VH6 voltage, as shown in FIG. 4,
the PDAC 64 of the present invention provides the pixel
voltage signals (VH5, VH4, . . .) having the absolute value
voltage level higher than the VH6 (at least more than one step)
to pixel voltage signals.

[0072] Asshownin FIG. 6, the DAC array 62 ofthe present
invention receives further the selection control signal 01 and
62, in order to select the pixel data (R,G,B) provided in the
first half of one horizontal period. More specifically, the DAC
array 62 selects the pixel data (R,G,B) provided in the first
half of one horizontal period in use of the selection control
signal 81 and 62, and can compensate the difference of the
pixel voltage charging quantity between liquid crystal cells
by means of providing the pixel voltage signals having the
absolute value voltage higher than that of original pixel volt-
age signals (at least more than one step) in correspondence to
the selected data.

[0073] Further, in accordance with the present invention,
one horizontal period is divided into four horizontal periods
in order to compensate the difference of the pixel voltage
charging quantity between liquid crystal cells.

[0074] FIG. 9A is a diagram of another exemplary odd
frame driving waveform of a data drive IC according to the
present invention, and FIG. 9B is waveform of another exem-
plary even frame driving waveform of a data drive IC accord-
ing to the present invention. In FIG. 6, the data drive IC
comprises a shift register array 42 for supplying sequential
sampling signals, a first and a second latch arrays 46 and 50
for latching pixel data (R,G,B) in response to the sampling
signals, a first MUX array 54 for time-dividing and providing
the pixel data (R,G,B) from a second latch array 50, a second
MUX array 58 for controlling a proceeding path of the pixel
data (R,G,B) supplied from the first MUX array 54, a DAC
array for converting the pixel data (R,G,B) from the second
MUX array 58 into pixel voltage signals, a buffer array 68 for
buffering and providing a pixel voltage signals from a DAC
array 62, a third MUX array 80 for controlling a proceeding
path of a buffer array 68 output, and a DEMUX array 84 for
time-dividing and providing pixel voltage signals from a third
MUZX array 80 to data lines (DL1 to DL.12). In addition, the
data drive IC comprises a data register 88 for relaying pixel
data (R,G,B) supplied from the timing controller (not shown)
and a gamma voltage part 90 for supplying positive and
negative gamma voltages necessary in a DAC array 62.
[0075] The data register 88 relays the pixel data from the
timing controller and supplies it to the first latch array 46.
Specifically, the timing controller divides the pixel data into
even pixel data (RGBeven) and odd pixel data (RGBodd) for
lowering a transmittance frequency and supplies them to the
data register 88 through transmittance lines. The data register
88 provides even pixel data (RGBeven) and odd pixel data
(RGBodd) to the first latch array 46 through each of the
transmittance lines. For example, each of the even pixel data
(RGBeven) and odd pixel data (RGBodd) includes red (R),
green (G5), and blue (B) pixel data.

[0076] The gamma voltage part 90 sub-divides a plurality
of gamma reference voltages received from a gamma refer-
ence voltage generator (not shown) by the gray and provides
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them. Explaining this in full detail, the gamma reference
voltage generator, as shown in FIG. 3, generates the gamma
reference voltages (GMA1 to GMA10) being divided by 10
steps in full gray level range of 64 steps and supplies them to
the gamma voltage part 36. More specifically, the gamma
reference voltage generator generates positive gamma refer-
ence voltages (GMA1 to GMAS) and negative gamma refer-
ence voltages (GMA6 to GMA10) as voltage-dividing a sup-
ply voltage provided from an external power supply for the
reference power supply. When dividing the entire gray level
by 5 steps to represent, the gamma reference voltages (GMA1
to GMA10) are gamma compensation voltages correspond-
ing to each of the steps.

[0077] The gamma voltage part 90, as shown in FIG. 4,
divides the gamma reference voltages (GMA1 to GMA10)
and generates the gamma compensation voltages (VH0,VHI1,
... ) corresponding to the gray levels sub-divided between
gamma reference voltages (GMA1 to GMA 10). For this
purpose, the gamma voltage part 90 comprises a plurality of
resisters connected in series between the gamma reference
voltages of adjacent steps (GMA1 to GMA10), and more
specifically, between GMA1 and GMA2, between GMA2
and GMA3, . . ., and between GMA9 and GMA10. The
gamma compensation voltages (VH0, VHL, . . . ) are gener-
ated as the gamma reference voltages being sub-divided by
the registers.

[0078] The shift register array 42 generates sequential sam-
pling signals and supplies them to the first latch array 46 and
for this purpose, comprises a “2N/6”-number of the shift
register 44 (here, N=6). The shift register 44 of the first stage,
as shown in FIG. 6, shifts a source start pulse (SSP) received
from the timing controller in accordance with a source sam-
pling clock signal (SSC) and provides it as sanipling signals
and, at the same time, supplies it as carry signal (CAR) to the
shift register 44 of the next stage. The source start pulse
(SSP), as shown in FIGS. 9A and 9B, is supplied for each
horizontal period and is shifted for each of the source sam-
pling clock signal (SSC) and is provided as a sampling signal.
[0079] The first latch array 46 latches and samples the pixel
data (RGBeven, RGBodd) from the data register 88 by a
designated unit in response to the sampling signals from the
shift register array 42. The first latch array 46 comprises a
2N-number of the first latches in order to latch a 2N-number
of the pixel data (R,G,B) (here, N=6) and each of the first
latches 48 has a size corresponding to a bit number (i.e., 3 bit
or 6 bit) of the pixel data (R,G,B). Accordingly, the first latch
array 46 latches and samples the even pixel data (RGBeven)
and the odd pixel data (RGBodd) (i.e. 6 numbers of the pixel
data for each sampling signal), and then provides all of them
at the same time.

[0080] The second latch array 50 latches the pixel data
(R,G,B) from the first latch array 46 at the same time in
response to the source output enable (SOE) from the timing
controller and then provides them. The second latch array 50
comprises the 2N-number of the second latches 52 (here,
N=6)identically to those of the first latch array 46. The source
output enable (SOE), as shown in FIGS. 9A and 9B, is gen-
erated by the horizontal period unit.

[0081] The first MUX array 54 provides and time-divides
the 2N-number of the pixel data (here, N=6) from the second
latch array 50 on an N-by-N basis for each of the H/4 period
in response to the first and the second selection control signals
01 and 02 from the timing controller for its output. For this
purpose, the first MUX array 54 is comprised of the N-num-
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ber of the first MUXs, wherein each of the first MUXs 56
provides and selects an output of any one of two the second
latches 52 in the second latch array 50. In other words, each of
the first MUXs 56 supplies and time-divides output of the two
second latches 52 for each 1/4 horizontal period.

[0082] Explaining this in full detail, for dot inversion driv-
ing, the first odd MUX 56 responds to the first selection
control signal 81 and provides and selects any one of outputs
of the two odd second latches and the first even MUX 56
responds to the second selection control signal 62 and pro-
vides and selects any one of outputs of the two even second
latches 52. Here, the first selection control signal 61 has a
period of 1/2 horizontal term, and the second selection control
signal 62 also has a period of 1/2 horizontal term and in
addition has a polarity contrary to that of the first selection
control signal 81. Accordingly, one horizontal term is driven
as being divided by the 1/4 term for driving.

[0083] For example, the first MUX 56 of the first order
responds to the first selection control signal 61 and selects the
first pixel data from the second latch 52 in the first 1/4 hori-
zontal term (0~1/4) and the third 1/4 horizontal term (2/4~3/
4) of one horizontal term and provides it. In addition, the first
MUX 56 of the first order selects the third pixel data in the
second 1/4 horizontal term (1/4~2/4) and the fourth 1/4 hori-
zontalterm (3/4~4/4) and provides it. The first MUX 56 of the
second order responds to the second selection control signal
02 and selects the second pixel data in the first 1/4 horizontal
term (0~1/4) and the third 1/4 horizontal term (2/4~3/4) and
provides it. The first MUX 56 of the second order selects the
fourth pixel data in the second 1/4 horizontal term (1/4~2/4)
and the fourth 1/4 horizontal term (3/4~4/4) and provides it.
[0084] The second MUX array 58 responds to the polarity
control signal (POL) and determines the proceeding path of
the pixel data (R,G,B) supplied from the first MUX array 54.
For this purpose, the second MUX array 58 comprises an
“N-17-number of the second MUXs 60, wherein each of the
second MUXSs 60 receives the outputs of the two adjacent first
MUX 56 and selectively provides one of them in accordance
with the polarity control signal (POL). Here, the output of
each of the remaining first MUXs 56 except for the first
MUXs 56 of the first and the last order receives in common to
the two adjacent second MUXs 60. The output of the first
MUXs 56 of the first and the last order is commonly received
to the PDAC 66 and the second MUX 60. The second MUX
array 58 controls in accordance with the polarity control
signal (POL) so that the pixel data (R,G,B) from each of the
first MUX s may be proceeded to the DAC array 62 as it is, or
controls so that they may be proceeded to the DAC array 62 as
shifting to the right line by line. For dot inversion driving, the
polarity of the polarity control signal (POL) is inverted for
each horizontal term, as shown in FIGS. 5A and 5B. There-
fore, the second MUX array 58 allows each of the pixel data
(R,G,B) from the first MUX array 54 to respond to the polar-
ity control signal (POL) by means of being provided to the
PDAC 64 or the NDAC 66 disposed alternately in the DAC
array 62.

[0085] For example, the first and the third pixel data
sequentially provided from the first MUX 56 of the first order
in the first horizontal term are supplied to the PDAC1 66 and
do not directly pass through the second MUX 60. The second
and the fourth pixel data sequentially provided from the first
MUX 56 of the second order are supplied to NDAC1 64 by the
second MUX 60 of the first order. In the second horizontal
term, the first and the third pixel data are supplied to the
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NDAC1 64 by the second MUX 60 of the first order, and the
second and the fourth pixel data are supplied to PDAC2 66 by
the second MUX 60 of the second order.

[0086] The DAC array 62 provides and converts the pixel
data (R,G,B) from the second MUX array 58 into the pixel
voltage signal in use of the positive and the negative gamma
voltages (GH(+VH),GL(-VH)) from the gamma voltage part
90. DAC array 62 provides some voltage of the positive and
the negative gamma compensation voltages (GH,GL) in cor-
respondence to the pixel data received from the second MUX
array 58 to the pixel voltage signal. For example, the PDAC2
64, which was provided the first data from the second MUX
array 58, provides a VH6 voltage, as shown in F1G. 4, as the
pixel voltage signals.

[0087] For this purpose, the DAC array 62 comprises an
“N+17-number of PDAC 66 and NDAC 64. For dot inversion
driving, the PDAC 66 and the NDAC 64 are disposed alter-
nately in parallel, wherein the PDAC 66 converts the pixel
data (R,G,B) from the second MUX array 58 into positive
pixel voltage signals using positive gamma voltage (GH). The
NDAC 64 converts the pixel data (R,G,B) from the second
MUX array 58 into negative pixel voltage signals using nega-
tive gamma voltage (GL). Such PDAC 66 and NDAC 64
convert the digital pixel data provided by the 1/4 horizontal
term into analog pixel voltage signals. Each of an “N+1”-
number of the buffers included in the buffer array 68 provides
as signal-buffering the pixel voltage signal provided from
each of the PDAC 66 and NDAC 64 of the DAC array 62.
[0088] The third MUX 80 responds to the polarity control
signal (POL) from the timing controller and determines the
proceeding path of the pixel voltage signal supplied from the
buffer array 68. For this purpose, the third MUX array 80
comprises an N-number of the third MUXs 82 (here, N=6).
Each of the third MUXs 82 responds to the polarity control
signal (POL) and selects output of any one of two adjacent
buffers 70. Here, the output stage of the remaining buffers 70,
except for the first and the last buffer 70, are commonly
received to the two adjacent third MUXs 82. The third MUX
array 82 responds to the polarity control signal (POL) and
permits the pixel voltage signals from each of the buffers 70,
except for the last buffer 70, to be provided as corresponding
to the DEMUXs 86. Further, the third MUX array 82
responds to the polarity control signal (POL) and permits the
pixel voltage signal from each of the remaining buffers 70,
except for the first buffer 70, to be provided as corresponding
to the DEMUXs 86. The polarity of the polarity control signal
(POL), as shown in FIGS. 9A and 9B, inverted by the hori-
zontal term for dot inversion driving as similar as the second
MUX array 58. The third MUX array 80 like this responds to
the polarity control signal (POL) and determines the polarity
of the pixel voltage signal as well as the second MUX array
58. As a result, the pixel voltage signals provided from the
third MUX array 80 have polarities contrary to adjacent pixel
voltage signals and the polarities are inverted for each hori-
zontal term.

[0089] The DEMUX array 84 responds to the first and the
second selection control signal 01 and 02 from the timing
control signal and selectively supplies the pixel voltage sig-
nals from the third MUX array 80 to the 2N-number of the
data lines (here, N=6). For this purpose, the DEMUX array 84
comprises the N-number of the DEMUXs 86, wherein each of
the DEMUXSs 85 supply and time-divide the pixel voltage
signals supplied from each of the third MUX 82 to the two
data lines. Explaining this in full detail, the odd DEMUX 86
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responds to the first selection control signal 61 and supplies
and time-divides the output of the odd third MUX 82 to the
two odd data lines. The even DEMUX 86 responds to the
second selection control signal 62 and performs the time-
division on the output of the two even third MUX 82 to the
two even data lines. The first and the second selection control
signal 81 and 62, as shown in FIGS. 9A and 9B, have the 1/4
horizontal term period, and in addition have polarities con-
trary to each other as similar as applying to the first MUX
array 54,

[0090] For example, the DEMUX 86 of the first order, as
shown in FIGS. 5A and 5B, responds to the first selection
control signal 61 and selectively supplies the output of the
third MUX 82 of the first order for each 1/4 horizontal term to
the first and the third data lines. Similarly, the DEMUX 86 of
the second order also, as shown in FIGS.9A and 9B, responds
to the second selection control signal 62 and selectively sup-
plies the output of the third MUX 82 of the second order for
each 1/4 horizontal term to the second and the fourth data
lines DL2 and DL4.

[0091] More specifically, the DEMUX 86 of the first order
responds to the first selection control signal 81, and supplies
the pixel voltage signal [1,1]to the first data line (DL1) during
the first 1/4 horizontal term (0~1/4) and the second 1/4 hori-
zontal term (2/4~3/4) of the first horizontal term in which the
first gate line (GL1) is activated, and supplies the pixel volt-
age signal [1,3] to the third data line (DL.3) during the second
1/4 horizontal term (1/4~2/4) and the fourth 1/4 horizontal
term (3/4~4/4). At the same time, the DEMUX 86 of the
second order responds to the second selection control signal
02, and supplies the pixel voltage signal [1,2] to the second
data line (DL2) during the first 1/4 horizontal term (0~1/4)
and the third 1/4 horizontal term (2/4~3/4) of the first hori-
zontal term, and supplies the pixel voltage signal [1,4] to the
fourth data line (DL4) during the second 1/4 horizontal term
(1/4~2/4) and the fourth 1/4 horizontal term (3/4~4/4).

[0092] The DEMUX 86 of the first order supplies the pixel
voltage signals [2,1] and [3,1] to the first data line (DL1)
during the first 1/4 horizontal term (0~1/4) and the third 1/4
horizontal term (2/4~3/4) of the second horizontal term (H2)
and the third horizontal term (H3), and supplies the pixel
voltage signals [2,3] and [3,3] to the third data line (DL3)
during the second 1/4 horizontal term (1/4~2/4) and the fourth
1/4 horizontal term (3/4~4/4). The DEMUX 86 of the second
order supplies the pixel voltage signals [2,2] and [3,2] to the
first data line (DL.1) during the first 1/4 horizontal term (0~1/
4) and the third 1/4 horizontal term (2/4~3/4) of the second
horizontal term (H2) and the third horizontal term (H3), and
supplies the pixel voltage signals [2,4] and [3,4] to the third
data line (DL3) during the second 1/4 horizontal term (1/4~2/
4) and the fourth 1/4 horizontal term (3/4~4/4).

[0093] By the datadrive IC having such a configuration, the
pixel voltage signal provided to the odd data lines DL1 and
DL2, and the pixel voltage signals provided to the even data
lines DL2 and DL4, as shown in FIGS. 9A and 9B, have a
polarity contrary to each other. The polarity of the odd data
lines (DL1, DL3, ... ) and the even data lines (DL2, DL4, . .
. ) are inverted for each one horizontal period (1H) and in
addition inverted for the frame. Namely, in accordance with
the present invention, one horizontal term is divided in four.
Then, in the first and the third 1/4 term, the pixel voltage
signals are supplied, or in the second and the fourth 1/4 term
the pixel voltage signals are supplied.
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[0094] On the other hand, in accordance with the present
invention, since the present invention divides in four one
horizontal term (1H) and respectively supplies the pixel volt-
age signals in the first and the third 1/4 horizontal term and in
the second and the fourth 1/4 horizontal term, the problem
arises in that the difference of the pixel voltage charging
quantity between liquid crystal cells may induced.

[0095] FIG. 10 is aschematic waveform diagram of another
exemplary discharging process of a pixel voltage signal
according to the present invention. In FIG. 10, in the first and
the third 1/4 horizontal term of one horizontal term, the liquid
crystal cells supplied the pixel voltage float in the second and
the fourth 1/4 horizontal term. Accordingly, in the second and
the fourth 1/4 horizontal term in which the liquid crystal cells
float, the pixel voltage signals charged to the liquid crystal
cell becomes discharged. As described above, if the pixel
voltage charged to liquid crystal cell in the second and the
fourth 1/4 horizontal term are discharged, the voltage that is
lower than a desired voltage (as low as AV1) becomes
charged to the liquid crystal cell. Thus, image quality of the
liquid crystal display panel deteriorates.

[0096] To solve this problem, the DAC array 62 of the
present invention provides the positive and negative polarity
gamma compensation voltages (GH,GL) having the voltage
of absolute value higher than that of original voltage (prefer-
ably as high as AV) as the pixel voltage signal in correspon-
dence to the pixel data (R,G,B) provided in the first and the
third 1/4 horizontal term of the pixel data (R,G,B) supplied
from the first MUX array 54 and/or the second MUX array 58.
Explaining this in full detail, the DAC array 62 is provided the
pixel data (R,G,B) from the first MUX array 54 and/or the
second MUX array 58. Then, the DAC array 62 receives the
pixel voltage signal corresponding to the pixel data (R,G,B)
of the pixel voltage signal provided from the gamma voltage
part 90. At this time, the DAC array 62 provides the pixel
voltage signal having the absolute value voltage higher than
that of the pixel voltage signal (at least more than one step)
corresponding to the original pixel data (R,G,B) of the pixel
voltage signal having a plurality of levels. For example, if the
pixel voltage signal originally provided from the PDAC 64
receiving the first data is a VH6 voltage, as shown in FIG. 4,
the PDAC 64 of the present invention provides the pixel
voltage signal (VHS, VH4, . . . ) having the absolute value
voltage level higher than the VH6 ( at least more than one
step) as pixel voltage signal.

[0097] On the other hand, the DAC array 62 of the present
invention further receives the selection control signal 61 and
62, as shown in FIG. 6. in order to select the pixel data
(R,G,B) provided in the first and the third 1/4 horizontal term
of one horizontal period. More specifically, the DAC array 62
selects the pixel data (R,G,B) provided in the first and the
third 1/4 horizontal term of one horizontal period in use of the
selection control signal 81 and 62, and can compensate the
difference of the pixel voltage charging quantity between
liquid crystal cells by means of providing the pixel voltage
signal having the absolute value voltage higher than original
pixel voltage signal (at least more than one step) in correspon-
dence to this pixel data.

[0098] As described above, the data driving apparatus and
the method of the liquid crystal display according to the
present invention can drive the data lines of at least a 2N-num-
ber using a “N+1”-number of the DAC by means of time-
division-driving the DAC part. Therefore, in accordance with
the data driving apparatus and the method of the liquid crystal
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display of the present invention, it is possible to reduce the
number of the data drive IC as half as that of the prior art
which leads the reduction of fabrication cost.

[0099] Further, the data driving apparatus and the method
ofthe liquid crystal display according to the present invention
can compensate the difference of charging quantity between
liquid crystal cells by means of providing the pixel voltage
signal having the voltage level higher than original voltage
level in correspondence to the pixel data.

[0100] It will be apparent to those skilled in the art that
various modification and variations can be made to the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

1. A driving apparatus of a liquid crystal display device,

comprising:

amultiplexer array for performing time-division on input-
ted pixel data to supply time-divided pixel data signals;

a digital-to-analog converter array for converting the time-
divided pixel data signals into pixel voltage signals; and

a demultiplexer array for driving data lines in a time-divi-
sion manner to supply the converted pixel voltage sig-
nals,

wherein the digital-to-analog converter array receives a
first time-divided pixel data signal from the multiplexer
array and generates a first pixel voltage signal level
having a first voltage value corresponding to the first
time-divided pixel data signal, generates a second pixel
voltage signal level having a voltage at least one-step
higher in absolute value than the first pixel voltage signal
level and corresponding to the first time-divided pixel
data signal.

2. The driving apparatus according to claim 1, further com-

prising:

a shift register array for sequentially generating a sampling
signal,

a latch array for sequentially latching the pixel data by
designated units in response to the sampling signal to
simultaneously output the latched pixel data to the first
multiplexer array; and

a buffer array for buffering the pixel voltage signal to
supply the buffered signal to the demultiplexer array.

3. The driving apparatus according to claim 1, wherein the

first multiplexer array includes at least an N-number (N is a
positive integer) of multiplexers and performs time-division
on a plurality of input pixel data to supply the time-divided
pixel data, the digital-to-analog converter array converts the
time-divided pixel data into the pixel voltage signals, and the
demultiplexer array includes at least an N-number of demul-
tiplexers and supplies the pixel voltage signals to a plurality of
data lines.

4. The driving apparatus according to claim 3, wherein the

digital-to-analog converter array includes:

at least an “N+1”-number of positive and negative digital-
to-analog converters for converting the time-divided
pixel data into the pixel voltage signals,

wherein the positive and negative digital-to-analog con-
verters are alternately arranged.

5. The driving apparatus according to claim 4, further com-

prising:

a second multiplexer array for determining a progress path
of the time-divided pixel data in response to an input
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polarity control signal to make the time-divided pixel
data inputted to at least an N-number of positive and
negative digital-to-analog converters among at least the
N-number of positive and negative digital-to-analog
converters; and

athird multiplexer array for determining a progress path of

the pixel voltage signal in response to the polarity con-
trol signal to make the pixel voltage signal inputted to
the demultiplexer array.

6. The driving apparatus according to claim 5, wherein the
second multiplexer array includes at least an “N-1"-number
of second multiplexers for selecting any one among outputs
of at least two of the first multiplexers, the third multiplexer
array includes at least an N-number of third multiplexers for
selecting any one among outputs of at least two of the digital-
to-analog converters, and an output of each of the first mul-
tiplexers is commonly inputted to at least the two of the
second multiplexers, and an output of each of the digital-to-
analog converters is commonly inputted to at least the two of
the third multiplexers.

7. The driving apparatus according to claim 3, wherein the
N-number of the first multiplexers include an odd-numbered
multiplexer performs time-division on odd-numbered pixel
data in response to an inputted first selection control signal to
output the time-divided data, and an even-numbered multi-
plexer performs time-division on even-numbered pixel data
in response to an inputted second selection control signal to
output the time-divided data.

8. The driving apparatus according to claim 7, wherein the
N-number of the demultiplexers include an odd-numbered
demultiplexer performs time-division on odd-numbered data
lines in response to the first selection control signal to drive
the time-divided data lines, and an even-numbered demulti-
plexer performs time-division on even-numbered data lines in
response to the second selection control signal to drive the
time-divided data lines.

9. The driving apparatus according to claim 8, wherein the
first and second selection control signals have a logical state
opposite to each other, and the logical state is inverted at least
for each half horizontal period.

10. The driving apparatus according to claim 9, wherein the
digital-to-analog converter array generates the pixel voltage
signal in use of the pixel voltage signal level having a voltage
at least one step higher in absolute value than the original
pixel voltage signal level in correspondence to the pixel data
outputted during the first half of one horizontal period, and
generates the pixel voltage signal in use of the original pixel
voltage signal level in correspondence to the pixel data out-
putted during the second half of the one horizontal period.

11. The driving apparatus according to claim 8, wherein the
first and second selection control signals have a logical state
opposite to each other, and the logical state is inverted at least
for each quarter horizontal period.
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12. The driving apparatus according to claim 11, wherein
the digital-to-analog converter array generates the pixel volt-
age signal in use of the pixel voltage signal level having a
voltage at least one step higher in absolute value than the
original pixel voltage signal level in correspondence to the
pixel data outputted during the first and third quarters of one
horizontal period, and generates the pixel voltage signal in
use of the original pixel voltage signal level in correspon-
dence to the pixel data outputted during the second and fourth
quarters of the one horizontal period.

13. A method for driving a liquid crystal display device,
comprising the steps of:

performing time-division on pixel data inputted from an

external source to output time-divided pixel data;
converting the time-divided pixel data into pixel voltage
signals; and

performing time-division on data lines to supply the con-

verted pixel voltage signals thereto,

wherein the step of converting the pixel data into the pixel

voltage signals includes:

generating the pixel voltage signals each having a first pixel

voltage signal level corresponding to the first time
divided pixel data and a second pixel voltage signal level
having avoltage at least one step higher in absolute value
than the first pixel voltage signal level in correspondence
to the first pixel time divided pixel data.

14. The method according to claim 13, wherein one hori-
zontal period is divided into two half horizontal periods and
the pixel data are time-divided to be supplied.

15. The method according to claim 14, wherein the pixel
voltage signals are generated using the pixel voltage signal
level having a voltage at least one step higher in absolute
value than the original pixel voltage signal level in correspon-
dence to the pixel data and output to a pixel of the liquid
crystal display device during the first half of the one horizon-
tal period, and is generated in use of the original pixel voltage
signal level in correspondence to the pixel data and output to
the pixel during the second half of the one horizontal period.

16. The method according to claim 13, wherein one hori-
zontal period is divided into four quarter horizontal periods
and the pixel data are time-divided to be supplied.

17. The method according to claim 16, wherein the pixel
voltage signals are generated using the pixel voltage signal
level having a voltage at least one step higher in absolute
value than the original pixel voltage signal level in correspon-
dence to the pixel data and output to a pixel of the liquid
crystal display device during the first and third quarters of the
one horizontal period, and is generated in use of the original
pixel voltage signal level in correspondence to the pixel data
and output to the pixel during the second and fourth quarters
of the one horizontal period.

* 0ok ok kK
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