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Apparatus and method for driving liquid crystal display

(57) A data driving apparatus and method for a liquid crystal display wherein a digital to analog converter
part is driven on a time-division basis to increase the number of output channels of a data driving IC without
excessively increasing a chip area or by reducing a chip area in comparison to the existing chip area, thereby
reducing the number of data driving IC's and TCP's. In the apparatus, a multiplexor part (38)performs a
time-division of input pixel data to output the time-divided pixel data. A digital to analog converter part (40)
converts the pixel data from the multiplexor part (38) into pixel voltage signals. A demuitiplexor part(42)
selectively supplies the pixel voltage signals from the digital to analog converter part (40) to a plurality of
output lines of the demultiplexor part {(42). A sampler and holder part (44) samples and holds the pixel voltage
signals from the demuitiplexor part (42) to output the sampled and held pixel voltage signals to a plurality of
data lines (DL1 ... DL2n) of the liquid crystal display.
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APPARATUS AND METHOD FOR DRIVING LIQUID CRYSTAL DISPLAY

The present invention relates to a liquid crystal display, and more particularly, to
an apparatus and method for driving a liquid crystal display. Although the present
invention is suitable for a wide scope of applications, it is particularly suitable for
reducing the number of digital to analog converter integrated circuits and data carrier
packages.

Generally, a liquid crystal display (LCD) controls light transmittance of the liquid
crystal by using an electric field in displaying an image. To this end, the LCD includes a
liquid crystal display panel having liquid crystal cells arranged in a matrix form, and a

driving circuit for driving the liquid crystai display panel.

In the liquid crystal display panel, a plurality of gate lines and data lines are
arranged in such a manner to cross each other. The liquid crystal cell is positioned at
every area where the gate lines cross the data lines. The liquid crystal display panel is
provided with a pixel electrode and a common electrode to apply an electric field to each
of the liquid crystal cells. Each pixel electrode is connected to one of data lines. through
source and drain electrodes of a thin film transistor as a switching device. The gate
electrode of the thin transistor is connected to one of the gate lines allowing a pixel

voltage signal to be applied to the pixel electrodes for each line.

The driving circuit includes a gate driver for driving the gate lines, a data driver
for driving the data lines, and a common voltage generator for driving the common

electrode. The gate driver sequentially applies a scanning signal to the gate lines to



sequentially drive the liquid crystal cells on the liquid crystal display panel line by line.
The data driver applies a data voltage signal to each of the data lines whenever the gate
signal is applied to one of the gate lines. The common voltage generator applies a
common voltage signal to the common electrode. Accordingly, the LCD controls light
transmittance by an electric field applied between the pixel electrode and the common
electrode in accordance with the data voltage signal for each liquid crystal cell, thereby
displaying a picture. The data driver and the gate driver are integrated into a plurality of
integrated circuits (IC’s). The integrated data driver IC and gate driver IC are mounted
on a tape carrier package (TCP) to be connected to the liquid crystal display panel by a
tape automated bonding (TAB) system, or mounted on the liquid crystal display panel by

a chip on glass (COQG) system.
FIG. 1 schematically shows a data driving apparatus in a conventional LCD.

Referring to FIG. 1, the data driving apparatus includes data driving IC’s 4
connected to a liquid crystal display panel 2 through TCP’s 6, and a data printed circuit

board (PCB) 8 connected to the data driving IC’s 4 through the TCP’s 6.

The data PCB 8 plays a role to receive various control signals from a timihg
controller (not shown), data signals and driving voltage sigr@ls from a power generator
(not shown) and interface to the data driving IC’s 4. Each‘of the TCP 6 is electrically
connected to a data pad provided at the upper portion of the liquid crystal display panel 2
and an output pad provided at each data PCB 8. The data driving IC’s 4 convert digital
pixel data into analog pixel signals to supply to data lines on the liquid crystal display

panel 2.



To this end, as shown in FIG. 2, each of the data driving IC’s 4 includes a shift
register part 14 for applying a sequential sampling signal, a latch part 16 for sequentially
latching a pixel data VD in response to the sequential sampling signal and outputting the
latched pixel data VD at the same time, a digital to analog converter (DAC) 18 for
converting the latched pixel data VD from the latch part 16 into a pixel signal, and an
output buffer part 26 for buffering and outputting the pixel signal from the DAC 18.
Further, the data driving IC 4 includes a signal controller 10 for interfacing various
control signals from a timing controller (not shown) and the pixel data VD, and a gamma
voltage part 12 for supplying positive and negative gamma voltages required in the DAC
18. Each data driving IC 4 having a configuration as mentioned above drives n data lines

D1 to Dn.

The signal controller 10 controls various control signals (i.e., SSP, SSC, SOE,
REV, and POL, etc.) and the pixel data VD outputs to the corresponding parts. The
gamma voltage part 12 further divides and outputs a plurality of gamma reference
voltages generated from a gamma reference voltage generator (not shown) for each gray

level.

vThere are 1n/6 shift registers included in the shift register part 14 sequentially
shifting a source start pulse SSP from the signal controller'li) in response to a source
sampling clock signal SSC to output as a sampling signal. The latch part 16 sequentially
samples and latches the pixel data VD from the signal controller 10 by a certain unit in
response to the sampling signal from the shift register part 14. To this end, the latch part

16 consists of n latches for latching n pixel data VD, each of which has a size



corresponding to the bit number (i.e., 3 bits or 6 bits) of the pixel data VD. Particularly,
the timing controller (not shown) simultaneously outputs the pixel data VD divided into
even-numbered pixel data VDeven and odd-numbered pixel data VDodd through each
transmission line so as to reduce the transmission frequency. Each of the even-numbered
data VDeven and the odd-numbered data VDodd includes red(R), green(G), and blue(B)
pixel data. Thus, the latch part 16 simultaneously latches the even-numbered pixel data
VDeven and the odd-numbered pixel data VDodd applied through the signal controller

10, that is, 6 pixel data for each sampling signal.

Subsequently, the latch part 16 simultaneously outputs n pixel data VD in
response to a source output enable signal SOE from the signal controller 10. In this case,
the latch part 16 restores the pixel data VD 1;10dulated in such a manner to have a reduced
transition bit number in response to a data inversion selecting signal REV and then to
output the restored pixel data VD having a reduced transition bit number. This is because
the pixel data VD having a transited bit number greater than the reference value is
supplied such that it is modulated to have a reduced transition bit number in order to
minimize electromagnetic interference (EMI) upon data transmission from the timing

controller.

The DAC 18 converts the pixel data VD from the lé.t;:h part 16 into positive and
negative pixel signals at the same time and outputs the converted pixel data VD. To this
end, the DAC 18 includes a positive (P) decoding part 20 and a negative (N) decoding
part 22 commonly connected to the latch part 16, and a multiplexor (MUX) 24 for

selecting output signals of the P and N decoding parts 20 and 22.



There are n P decoders in the P decoding part 20 converting n pixel data
simultaneously inputted from the latch part 16 into positive pixel signals by using positive
gamma voltages from the gamma voltage part 12. Similarly, the N decoding part 22
having n N decoders simultaneously converts n pixel data inputted from the latch part 16
into negative pixel signals by using negative gamma voltages from the gamma voltage
part 12. The multiplexor 24 responds to a polarity control signal POL from the signal
controller 10 to selectively outputs the positive pixel signals from the P decoding part 20

or the negative pixel signals from the N decoding part 22.

The output buffer part 26 having n output buffers consists of voltage followers
connected to the n data lines D1 to Dn in series. Such output buffers performs a buffering

of the pixel voltage signals from the DAC 18 and supplies to the data lines D1 to Dn.

FIG. 3 illustrates a transmission path of a portion of the pixel data within the data

driving IC 4 shown in FIG. 3.

In FIG. 3, latches 17 of the latch part 17 output 9 pixel data to 9 DAC’s 19
constructing the DAC part 18 to convert the pixel data into pixel voltage signals. The
pixel voltage signals are applied to the first to ninth data lines DLI1 to DL9 through

buffers 27 of the output buffer part 26.

As described above, each of the conventional data driving IC’s 4 should have n
DAC’s, each of which includes a P decoder, an N decoder and a multiplexor, so as to
drive n data lines DL 1 to DLn. Thus, the data driving IC has a complex configuration
causing a relatively high manufacturing cost. Accordingly, it is necessary to reduce the

number of data driving IC’s in order to lower a manufacturing cost.



In order to reduce the number of data driving IC’s, there has been considered a
scheme of increasing the number of data lines that can be driven by the data driving IC,
that is, the number of output channels. However, since the number of DAC’s having a
complex configuration is increased in accordance with the increase in the number of
driving channels of the data driving IC to enlarge a chip area, a cost of the TCP’s
proportional to the chip area is increased and their integration becomes difficult. Asa

result, manufacturing cost is increased and yield is likely to be reduced.

Accordingly, it is an object of the present invention to seek to provide an
apparatus and method for driving a liquid crystal display that substantially obviates one or

more of problems due to limitations and disadvantages of the related art.

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.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described, a data driving apparatus for a
liquid crystal display includes a multiplexor part having at least one multiplexor for
performing a time-division of input pixel data to output the time-divided pixel data, a
digital to analog converter part having at least one digital to analog converter for
converting the time-divided pixel data from the multiplexor part into pixel voltage

signals, a demultiplexor part having at least one demultiplexor for selectively supplying



the pixel voltage signals from the digital to analog converter part to a plurality of output
lines of the demultiplexor part, and a sampler and holder part having at least one sampler
and holder for sampling and holding the pixel voltage signals from the demultiplexor part
to output the sampled and held voltage signals to a plurality of data lines of the liquid

crystal display.

In the data driving apparatus, the multiplexor part may include at least 2n/3
multiplexors (wherein n is an integer) to perform an at least 2n/3 time-division of at least
2n pixel data, the digital to analog converter part may include at least 2n/3 digital to
analog converters to convert at least 2n/3 pixel data into pixel voltage signals, and the
demultiplexor part may include at least 2n/3 multiplexors to selectively supply each 2n/3

pixel voltage signals to at least 2n output lines.

The data driving apparatus may further include a shift register part for sequentially
generating sampling signals, a latch part for sequentially latching the at least 2n pixél data
by a unit in response to the sampling signals to simultaneously output the latched data to
the multiplexor part, and a buffer part for buffering the pixel voltage signals from the

sampler and holder array to output them to the plurality of data lines.

Each digital to analog converter may include a positive part for converting the
pixel data into positive voltage signals, a negative part for converting the pixel data into
negative voltage signals, and a multiplexor for selecting outputs of the positive and

negative parts.

Each multiplexor may include first to third switching devices for performing a

time-division of at least three pixel data to output the time-divided pixel data to one of the



digital to analog converters in response to first to third switching control signals,
respectively, and each demultiplexor may include fourth to sixth switching devices for
selectively supplying the pixel voltage signals from the digital to analog converter part to
at least three output lines in response to the first to third switching control signals,

respectively.

The sampler and holder part may include at least 2n sampler and holders
connected to at least 2n output lines of the demultiplexor part, each of which includes
first and second sampling switches connected in parallel to each output line of the
demultiplexor part, first and second capacitors for charging the pixel voltage signals
passing through the sampling switches, and first and second holding switches for holding
the pixel voltage signals charged in the first ?and second capacitors and discharging the

held pixel voltage signals into the data lines.

The first sampling switch for sampling the pixel voltage signals to be charged in
the first capacitor and the second holding switch for holding and discharging the pixel
voltage signals charged in the second capacitor may be driven in response to the first
switching control signal, and the second sampling swifch for sampling the pixel voltage
signals to be charged in the second capacitor and the first holding switch for holding and
discharging the pixel voltage signals charged in the first céﬁacitor may be driven in
response to the second switching control signal having a logical state inverted with

respect to the first switching control signal.

In another aspect of the present invention, a data driving method for a liquid

crystal display includes performing a time-division of pixel data inputted from a



multiplexor part to apply the time-divided pixel data, converting the time-divided pixel
data from the multiplexor part into a plurality of pixel voltage signals, selectively
supplying the pixel voltage signals from a digital to analog converter part to a plurality of
output lines of the multiplexor part, and sampling and holding the pixel voltage signals
from the demultiplexor part at a sampler and holder part to output the sampled and held

pixel voltage signals to a plurality of data lines of the liquid crystal display.

The data driving method may further include sequentially generating sampling
signals, sequentially latching at least 2n pixel data by a unit in response to the sampling
signals to simultaneously output the latched data to the multiplexor part, and buffering the
pixel voltage signals from the sampler and holder part to output the buffered pixel voltage

signals to at least 2n data lines.

In the data driving method, performing a time-division of the pixel data may
include performing a time-division of at least 2n pixel data into at least three regionsv in
response to first to third switching control signals, and selectively supplying the pixel
voltage signals to the plurality of output lines may include selectively supplying the pixel
voltage signals to at least three output lines in response to the first to third switching

control signals.

Herein, the sampler and holder part may have at least one sampler and holder
including first and second sampling switches, first and second capacitors, and first and
second holding switches. Sampling and holding the pixel voltage signals may include
allowing the first sampling switch to sample the pixel voltage signals from the

demultiplexor part to be charged in the first capacitor in one horizontal period and, at the



10

same time, may allow the second holding switch to discharge the pixel voltage signals in
the previous horizontal period charged in the second capacitor into the corresponding data
line, and may allow the second sampling switch to sample the pixel voltage signals from
the demultiplexor part to be charged in the second capacitor and, at the same time, may
allow the first holding switch to discharge the pixel voltage signals in the previous

horizontal period charged in the first capacitor to the corresponding data line.

Using of the present invention it is possible to provide an apparatus and method
for driving a liquid crystal display wherein a digital to analog converter part is driven on a
time-division basis to increase the number of output channels of the data driving IC while
the chip area is not greatly increased or reduced in comparison to the existing chip area,

thereby reducing the number of data driving IC’s and TCP’s.

It will be understood that the invention extends to a liquid crystal display panel

whenever driven by a data driving apparatus or method as hereinbefore defined.

It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application, illustrate embodiments of the invention and together with the description

serve to explain the principle of the invention.
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FIG. 1 is a schematic view showing a data driving apparatus of a conventional

liquid crystal display;

FIG. 2 is a detailed block diagram showing a configuration of the data driving

integrated circuit in FIG. 1;

FIG. 3 illustrates a transmission path of a portion of data within the data driving

integrated circuit shown in FIG. 2;

FIG. 4 is a block diagram showing a configuration of a data driving integrated

circuit of a liquid crystal display according to the present invention;

FIG. 5 illustrates a transmission path of a portion of data within the data driving

integrated circuit shown in FIG. 4;

FIG. 6 illustrates a transmission path of a data having a detailed configuration of

the sampler and holder shown in FIG. 5;

FIG. 7 is a waveform diagram of the switch control signals for controlling the

switches shown in FIG. 6; and

FIG. 8 is a schematic view showing a configuration of a data driving apparatus of
a liquid crystal display including the data driving integrated circuit according to the

present invention.

Reference will now be made in detail to the illustrated embodiments of the present
invention, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to the

same or like parts.
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FIG. 4 is a block diagram showing a configuration of a data driving apparatus of a

liquid crystal display according to he present invention.

Referring to FIG. 4, the data driving apparatus includes a shift register part 34 for
applying sequential sampling signals, a latch part 36 for sequentially latching pixel data
VD in response to the sampling signals and outputting the latched pixel data at the same
time, a multiplexor part 38 for performing a time-division of the pixel data VD from the
latch part 36, a digital to analog converter (DAC) part 40 for converting the pixel data VD
from the multiplexor part 38 into pixel voltage signals, a demultiplexor part 42 for
performing a time-divisional driving of output lines to apply the pixel voltage signals
from the DAC part 40, and a sampling and holding part 44 for sampling and holding the
pixel voltage signals inputted from the demﬁltiplexor part 38 to simultaneously supply to
the data lines DL1 to DL2n. Further, the data driving apparatus includes a signal
controller 30 for interfacing various control signals generated from a timing controller
(not shown) and the pixel data VD, and a gamma voltage part 32 for supplying positive
and negative gamma voltages to the DAC part 40. The data driving apparatus having a
configuration as mentioned above may be integrated into a single data driving IC to drive
2n data lines DL1 to DL2n, which are twice the data lines that can be driven by the

conventional data driving IC.

The signal controller 30 controls various control signals (i.e., SSP, SSC, SOE,
REV, and POL, etc.) and the pixel data VD to supply to the corresponding parts. The

gamma voltage part 32 further divides a plurality of gamma reference voltages generated
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from a gamma reference voltage generator (not shown) for each gray level and then

outputs the divided gamma reference voltages.

A plurality of shift registers included in the shift register part 34 sequentially shift
a source start pulse SSP generated from the signal controller 30 in response to a source

sampling clock signal SSC to output as a sampling signal.

The latch part 36 sequentially samples the pixel data VD outputted from the signal
controller 30 by a certain unit in response to the sampling sigﬁal from the shift register
part 34 to latch the sampled pixel data. To this end, the latch part 36 consists of 2n
latches 46 for latching 2n pixel data VD as shown in FIG. 5, each of which has a size
corresponding to the bit number (i.e., 3 bits or 6 bits) of the pixel data VD. The latch part
36 simultaneously latches even-numbered pixel data VDeven and odd-numbered pixel
data VDodd applied through the signal controller 30, that is, 6 pixel data for each
sampling signal. Subsequently, the latch part 36 simultaneously outputs the latched‘2n
pixel data VD in response to a source output enable signal SOE from the signal controller
30. In this case, the latch part 36 restores the pixel data VD modulated in such a manner
to have a reduced transition bit number in response to a data inversion selecting signal

REYV and then outputs the restored pixel data having a reduced transition bit number.

The multiplexor part 38 performs a time-division of the 2n pixel data inputted
from the latch part 36 to output the time-divided pixel data. When the 2n pixel data are
time-divided into three regions, the multiplexor part 38 includes 2n/3 multiplexors 48
connected to each three latches 46, as shown in FIG. 5. Each of the multiplexors 48

performs a time-division of the pixel data inputted from each three latches 46 to
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sequentially supply to one output line. In other words, the multiplexor part 36 performs a
2n/3 time-division of the 2n pixel data inputted from the latch part 36 to output the time-

divided pixel data to the DAC part 40.

The DAC part 40 converts the pixel data VD from the multiplexor part 38 into
positive and negative pixel voltage signals, and selectively outputs the positive and
negative pixel voltage signals in response to a polarity control signal POL. To this end,
the DAC part 40 consists of 2n/3 DAC’s 50 which are the same number as the
multiplexors 48, as shown in FIG. 5. Each of the DAC’s 50 includes a positive (P)
decoder and a negative (N) decoder that are commonly connected to the multiplexor 48,
and a multiplexor for selecting output signals of the P and N decoders. The P decoder
converts the pixel data into positive pixel véltage signals by using positive gamma
voltages generated from the gamma voltage part 34. The N decoder converts the pixel
data into negative pixel voltage signals by using negative gamma voltages from the -
gamma voltage part 34. The multiplexor responds to the polarity control signal POL
from the signal controller 32 to selectively output the positive pixel voltage signals or the

negative pixel voltage signals.

The demultiplexor part 42 performs a time-divisional driving of the output lines to
selectively apply the pixel voltage signals from the DAC part 40. To this end, the
demultiplexor part 42 includes 21/3 demultiplexors, which are the same number as the
DAC’s 50, as shown in FIG. 5. Each of the demultiplexors 52 performs a time-divisional
driving of three output lines to selectively apply the pixel voltage signals from the DAC

50. In other words, the demuitiplexor part 42 sequentially outputs each 2n/3 pixel voltage
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signal inputted from the DAC part 40 to the sampler and holder part 44 through different

output lines.

The sampler and holder part 44 samples and holds the pixel voltage signals from
the demultiplexor part 42 and then simultaneously outputs to the data lines DL1 to DL2n.
To this end, the sampler and holder part 44 consists of 2n samplers and holders 54, which
are the same number as the number of the data lines DL1 to DL2n, as shown in FIG. 5.
Each of the samplers and holders 54 samples and holds the pixel voltage signals inputted
with a time difference from the demultiplexor 52 and then simultaneously outputs to the
data lines DL1 to DL2n. In other words, the sampler and holder part 44 samples and
holds each 2n/3 pixel voltage signals inputted from the demultiplexor part 42 and, if all
the 2n pixel voltage signals have been saml;led, then simultaneously outputs the pixel

voltage signals to the 1% to (2n)th data lines DL1 to DL2n.

FIG. 6 illustrates a transmission path of three red(R), green(G), and blue(B) pixei
data within the data driving IC shown in FIG. 5. FIG. 7 is a waveform diagram of the

control signals for controlling driving of each part shown in FIG. 6.

In FIG. 6, each of the three latches 46 responds to an output enable signal SOE
inputted through the signal controller 30, shown in FIG. 4, _ﬁ'om the timing controller (not
shown) to output the R, G, and B pixel data to the multiplexor 48. The output enable
signal SOE is commonly applied to the latches 46 for each one horizontal period 1H, as

shown in FIG. 7.

The multiplexor 48 performs a time-division of the R, G, and B pixel data inputted

from the three latches 46 to sequentially supply the time-divided pixel data to a single
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DAC 50. To this end, the multiplexor 48 includes first to third switches 56, 58, and 60,
each of which has an input line connected to each of the three latches 46 and an output
line commonly connected to the DAC 50. The first to third switches 56, 58, and 60
respond to first to third switching control signals SW1, SW2, and SW3 inputted through
the signal controller 30 from the timing controller to output the pixel data from the latches
46. For instance, the first to third switches 56, 58, and 60 respond to the first to third
switching control signals SW1, SW2, and SW3 enabled sequentially, as shown in FIG. 7,
to sequentially output the R, G, and B pixel data inputted from the latches 46 to the DAC

50.

The DAC 50 converts the R, G, and B pixel data sequentially inputted from the
multiplexor 48 to R, G, and B pixel voltagé signals to output the converted pixel data to

the demultiplexor 52.

The demultiplexor 52 outputs the R, G, and B pixel voltage signals sequentié.lly
inputted from the DAC 50 through different output lines to each of the three samplers and
holders 54. To this end, the demultiplexor 52 includes fourth to sixth switches 62, 64,
and 66, each of which has an input line commonly connected to an output line of the
DAC 50 and an output line connected to each of the three samplers and holders 54. The
fourth to sixth switches 62, 64, and 66 respectively respom—i to the first to third switching
control signals SW1, SW2, and SW3 inputted through the signal controller 30 from the
timing controller to output the pixel data from the DAC 50 through different output lines.
In this case, the demultiplexor 52 uses the first to third switching control signals SW1,

SW2, and SW3 like the multiplexor 48. For instance, the fourth to sixth switches 62, 64,
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and 66 respond to the first to third switching control signals SW1, SW2, and SW3
sequentially enabled, as shown in FIG. 7, to separately apply the R, G, and B pixel
voltage signals sequentially inputted from the DAC 50 to the three samplers and holders

54.

The three samplers and holders 54 sample and hold the R, G, and B pixel voltage
signals sequentially inputted from the demultiplexor 52 and then simultaneously output to
each of the first to third data lines DL1 to DL3. To this end, the sampler and holder 54
includes seventh and eighth switches 68 and 70 each of which has an input line
commonly connected to one output line of the demultiplexor 52, first and second
capacitors Ca and Cb connected to the output lines of the seventh and eighth switches 68
and 70, respectively, and ninth and tenth switches 72 and 74 each of which has an input
line connected to each output line of the seventh and eighth switches 68 and 70 and an
output line commonly connected to one of the data line DL. Further, the sampler and
holder 54 includes a buffer 76 connected between the output lines of the ninth and tenth

switches 72 and 74 and the data line DL.

The seventh and tenth switches 68 and 74 positioned in a diagonal direction
respond to the same fourth switching control signal SW4, whereas the eighth and ninth
switches 70 an 72 respond to the fifth switching control signal SW5 having a logical state
opposite to the fourth switching control signal SW4. The fourth and fifth switching
control signals SW4 and SW5 are applied through the signal controller 30 from the

timing controller in similar to other control signals. The first and second capacitors Ca
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and Cb charge data on the horizontal lines different from each other, that is, adjacent to

each other on a time basis.

For instance, in one horizontal period, the seventh and tenth switches 68 and 74
are turned on in response to the fourth switching control signal SW4 having a high state,
as shown in FIG. 7. Thus, the pixel voltage signals applied from the demultiplexor 52 are
sampled by means of the turned-on seventh switch 68 and charged and held in the first
capacitor Ca. At the same time, the pixel voltage signals charged in the second capacitor
Cb in the previous horizontal period are applied through the turned-on tenth switch 74

and the buffer 76, to the corresponding data line DL.

In the next horizontal period, the eighth and ninth switches 70 and 72 are turned
on in response to the fifth switching control signal SWS5 having a high state, as shown in
FIG. 7. Thus, the pixel voltage signals applied from the demultiplexor 52 are sampled by
means of the turned-on eighth switch 70 and charged and held in the second capacifor Cb.
At the same time, in the previous horizontal period, the pixel voltage signals having been
charged in the first capacitor Ca are applied to the corresponding data line DL through the

turned-on ninth switch 72 and the buffer 76.

As described above, the sampler and holder 54 includes a pair of seventh and
eighth switches 68 and 70 for sampling the pixel voltage signals, a pair of first and second
capacitors Ca and Cb for charging the pixel voltage signals, and a pair of ninth and tenth
switches 72 and 74 for holding the pixel voltage signals to be driven alternately, thereby

preventing a signal delay caused by such sampling and holding operations.
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As described above, in the data driving IC embodying the present invention, the
number of DAC’s are reduced to at least 1/3 by a time-divisional driving of the DAC part,
thereby reducing a space occupied by the DAC part within the IC. Accordingly, the
number of data lines driven by the data driving IC is increased. In other words, the
number of output channels becomes twice of the previously known device while a chip
area is not greatly increased or reduced in comparison to the existing chip area. Thus, the

number of data driving IC’s and TCP’s mounted with the IC’s may be reduced to 1/2.

More specifically, the data driving IC’s 82 having twice the output channels of the
conventional device are mounted on the TCP’s 84 and connected to a liquid crystal

display panel 80, as shown in FIG. 8.

For example, to drive the liquid cryétal display panel 80 with a SXGA
(1280%1024) mode, the conventional device needs 10 data driving IC’s each having 384
channels, whereas the present invention requires only 5 data driving IC’s 82, which is 1/2
of the conventional device because 768 channels are available without an enlargement of
the chip area. Accordingly, the number of data driving IC’s 82 and TCP’s 84 is reduced
to at least 1/2 in comparison to the conventional device, thereby lowering manufacturing

cost.

As described above, according to apparatus embodying the present invention, the
DAC part is driven on a time-division basis to increase the channel number of data
driving IC’s to twice of the conventional device without greatly enlarging the chip area or

by reducing the chip area. Accordingly, the channel number of data driving IC’s is
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increased and the number of data driving IC’s and TCP’s is reduced to 1/2 in comparison

to the conventional device, thereby lowering manufacturing cost.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the apparatus and method for driving a liquid crystal display of
the present invention without departing from the spirit or scope of the inventions. Thus, it
is intended that the present invention covers the modifications and variations of this
invention provided they come within the scope of the appended claims and their

equivalents.
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CLAIMS
1. A data driving apparatus for a liquid crystal display, comprising:

a multiplexor part having at least one multiplexor for performing a time-division
of input pixel data to output the time-divided pixel data;

a digital to analog converter part having at least one digital to analog converter for
converting the time-divided pixel data from the multiplexor part into pixel voltage
signals;

a demultiplexor part having at least one multiplexor for selectively supplying the
pixel voltage signals from the digital to analog converter part to a plurality of output lines
of the demultiplexor part; and

a sampler and holder part having atA least one sampler and holder for sampling and
holding the pixel voltage signals from the demultiplexor part to output the sampled and

hold pixel voltage signals to a plurality of data lines of the liquid crystal display.

2. Data driving apparatus according to claim 1, wherein the multiplexor part
includes at least 2n/3 multiplexors (wherein n is an integer) to perform an at least 2n/3

time-division of at least 2n pixel data,

the digital to analog converter part includes at least 2n/3 digital to analog

converters to convert at least 2n/3 pixel data into the pixel voltage signals, and

the demultiplexor part includes the at least 2n/3 multiplexors to selectively supply

each 2n/3 pixel voltage signals to at least 2n output lines of the demultiplexor part.

3. Data driving apparatus according to claim 1 or claim 2, further comprising:
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a shift register part for sequentially generating a plurality of sampling signals;

a latch part for sequentially latching at least 2n pixel data by a unit in response to
the sampling signals to simultaneously output the latched data to the multiplexor part; and

a buffer part for buffering the pixel voltage signals from the sampler and holder
part to output the buffered pixel voltage signals to the plurality of data lines of the liquid

crystal display.

4, Data driving apparatus according to any preceding claim , wherein each
digital to analog converter includes a positive part for converting the pixel data into
positive voltage signals, a negative part for converting the pixel data into negative voltage

signals, and a multiplexor for selecting outputs of the positive and negative parts.

5. Data driving apparatus according to any of claims 2-4, wherein each
multiplexor includes first to third switching devices for performing a time-division of at
least three pixel data to output the time-divided pixel data to one of the digital to analog

converters in response to first to third switching control signals, respectively, and

each demultiplexor includes fourth to sixth switching devices for selectively
supplying the pixel voltage signals from the digital to analog converter to at least three

output lines in response to the first to third switching control signals, respectively.

6. Data driving apparatus according to any preceding claim, wherein the
sampler and holder part includes at least 2n sampler and holders connected to at least 2n

output lines of the demultiplexor part, each sampler and holder including:
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first and second sampling switches connected in parallel to each output line of the

demultiplexor part;

first and second capacitors for charging the pixel voltage signals passing through

the sampling switches; and

first and second holding switches for holding the pixel voltage signals charged in
the first and second capacitors and discharging the held pixel voltage signals into the data

lines of the liquid crystal display.

7. Data driving apparatus according to claim 6, wherein the first sampling
switch for sampling the pixel voltage signals to be charged in the first capacitor and the
second holding switch for holding and discharging the pixel voltage signals charged in

the second capacitor are driven in response to a first switching control signal, and

the second sampling switch for sampling the pixel voltage signals to be charged in
the second capacitor and the first holding switch for holding and discharging the pixel
voltage signals charged in the first capacitor are driven in response to a second switching
control signal having a logical state inverted with respect to the first switching control
signal.

8. A data driving method for a liquid crystal-display, comprising:

performing a time-division of pixel data inputted from a multiplexor part to apply
the time-divided pixel data;

converting the time-divided pixel data from the multiplexor part into a plurality of

pixel voltage signals;
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selectively supplying the pixel voltage signals from a digital to analog converter
part to a plurality of output lines of the multiplexor part; and

sampling and holding the pixel voltage signals from the demultiplexor part at a
sampler and holder part to output the sampled and held pixel voltage signals to a plurality

of data lines of the liquid crystal display.
9. A data driving method according to claim 8, further comprising:

sequentially generating a plurality of sampling signals;

sequentially latching at least 2n pixel data by a unit in response to the sampling
signals to simultaneously output the latched data to the multiplexor part; and

buffering the sampled and held pixel voltage signals to output the buffered pixel

voltage signals to at least 2n data lines of the liquid crystal display.

10. A data driving method according to claim 8 or claim 9, wherein performing
a time-division of the pixel data includes performing a time-division of at least 2n pixel

data into at least three regions in response to first to third switching control signals, and

the step of selectively supplying the pixel voltage signals includes selectively
supplying the pixel voltage signals to at least three output lines in response to the first to

third switching control signals.

11. A data driving method according to any of claims 8-10, wherein the
sampler and holder part has at least one sampler and holder including first and second

sampling switches, first and second capacitors, and first and second holding switches.
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12. A data driving method according to claim 11, wherein the step of sampling
and holding the pixel voltage signals includes allowing the first sampling switch to
sample the pixel voltage signals from the demultiplexor part to be charged in a first
capacitor in one horizontal period and, at the same time, allowing the second holding
switch to discharge the pixel voltage signals in a previous horizontal period charged in

the second capacitor into a corresponding data line, and

allowing the second sampling switch to sample the pixel voltage signals from the
demultiplexor part to be charged in a second capacitor and, at the same time, allowing the
first holding switch to discharge the pixel voltage signals in a previous horizontal period

charged in the first capacitor to a corresponding data line.

13. A data driving apparatus, substantially as hereinbefore described with

reference to Figures 4-8 of the accompanying drawings.

14. A data driving method for a liquid crystal display, substantially as
hereinbefore described with reference to Figures 4-8 of the accompanying

drawings.

15. A liquid crystal display, whenever driven by data driving apparatus
according to any of claims 1-7 or 13 or by a method according to any one

of claims 8-12 or 14.
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