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CONVENTIONAL ART
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DATA DRIVING APPARATUS AND METHOD FOR
LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korean
Patent Application No. P2001-85336 filed in Korea on Dec.
26, 2001, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display, and more particularly, to a data driving apparatus
and method for a liquid crystal display wherein data lines
can be driven on a time division basis to reduce the number
of data driver integrated circuits.

[0004] 2. Discussion of the Related Art

[0005] In general, a liquid crystal display (LCD) controls
a light transmittance of a liquid crystal by using an applied
electric field in order to display an image (picture). The LCD
includes a liquid crystal display panel-having liquid crystal
cells arranged in a matrix type, and a driving circuit for
driving the liquid crystal display panel. The liquid crystal
display panel includes gate lines and data lines arranged to
cross each other, and each liquid crystal cell is positioned
where the gate lines cross the data lines. The liquid crystal
display panel is provided with a pixel electrode and a
common electrode for applying an electric field to each of
the liquid crystal cells. Each pixel electrode is connected to
a corresponding one of the data lines via source and drain
clectrodes of a thin film transistor, which functions as a
switching device. The gate electrode of the thin film tran-
sistor is connected to a corresponding one of the gate lines,
thereby allowing a pixel voltage signal to be applied to the
pixel electrodes for each corresponding data line.

[0006] The driving circuit includes a gate driver for driv-
ing the gate lines, a data driver for driving the data lines, and
a common voltage generator for driving the common elec-
trode. The gate driver sequentially applies a scanning signal
to each of the gate lines in order to sequentially drive the
liquid crystal cells on the liquid crystal display panel one
gate line at a time. The data driver applies a data voltage
signal to each of the data lines whenever the gate signal is
applied to any one of the gate lines. The common voltage
generator applies a common voltage signal to the common
electrode. Accordingly, the LCD controls a light transmit-
tance by application of an electric field between the pixel
electrode and the common electrode in accordance with the
data voltage signal for each liquid crystal cell, thereby
displaying an image. The data driver and the gate driver are
incorporated into a plurality of integrated circuits (IC’s). The
integrated data driver IC and gate driver [C are mounted in
a tape carrier package (TCP) to be connected to the liquid
crystal display panel by a tape automated bonding (TAB)
system, or mounted in the liquid crystal display panel by a
chip on glass (COG) system.

[0007] FIG.1 schematically shows a data driving block of
an LCD according to the conventional art. In FIG. 1, a data
driving block includes data driving IC’s 6 connected to a
liquid crystal display panel 2 via data TCP’s 4, and gate
driving IC’s 9 connected to gate lines of the liquid crystal
display panel 2 via gate TCP’s 8. The gate TCP’s 8 mounted
with the gate driving IC’s 9 are electrically connected to gate
pads provided at one side of the liquid crystal display panel
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2. The gate driving IC’s 9 apply a gate signal (scanning
signal) to the gate lines of the liquid crystal display panel 2.
The data TCP’s 4 mounted with the data driving IC’s 6 are
electrically connected to data pads provided at an upper
portion of the liquid crystal display panel 2. The data driving
IC’s 6 convert digital pixel data signals into analog pixel
voltage signals and apply the analog pixel voltage signals to
the data lines of the liquid crystal display panel 2.

[0008] FIG. 2 is a detailed block diagram showing a
configuration of the data driving integrated circuit in FIG. 1.
In FIG. 2, each of the data driving IC’s 6 includes a shift
register part 14 for applying a sequential sampling signal, a
latch part 16 for sequentially latching and outputting a pixel
data VD in response to the sampling signal, a digital-to-
analog converter (DAC) 18 for converting the 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. Furthermore, each of the data driving IC’s
6 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 of the data driving IC’s 6 drives an n-number of
data lines D1 to Dn.

[0009] The signal controller 10 controls various control
signals (SSP, SSC, SOE, REV and POL) and the pixel data
VD to output the control signals and pixel data VD to
various corresponding elements. The gamma voltage gen-
erator part 12 sub-divides several gamma reference voltages
generated from a gamma reference voltage generator (not
shown) for each gray level, and outputs signals to the DAC
18.

[0010] The shift register part 14 includes a plurality of
shift registers that sequentially shift a source start pulse SSP
that is received from the signal controller 10 in response to
a source sampling clock signal SSC, and output the source
start pulse SSP as a sampling signal.

[0011] The latch part 16 sequentially samples the pixel
data VD received from the signal controller 10 in response
to the sampling signal received from the shift register part 14
to latch the pixel data VD. Accordingly, the latch part 16
comprises an n-number of latches for latching an n-number
of the pixel data VD, wherein each of the n-number of
latches has a size corresponding to a bit number (i.e., 3 bits
or 6 bits) of the pixel data VD. Subsequently, the latch part
16 simultaneously outputs an n-number of pixel data VD in
response to a source output enable signal SOE received from
the signal controller 10.

[0012] The DAC 18 simultaneously converts and outputs
the pixel data VD received from the latch part 16 into
positive and negative pixel signals. Accordingly, the DAC
18 includes a positive (P) decoding part 20 and a negative
(N) decoding part 22 that are both commonly connected 1o
the latch part 16, and a multiplexor (MUX) 24 for selecting
output signals of the P decoding part 20 and the N decoding
part 22. The P decoding part 20 includes P decoders that
convert the n-number of pixel data simultancously input
from the latch part 16 into positive pixel signals in combi-
nation with the positive gamma voltages output from the
gamma voltage part 12. The N decoding part 22 includes N
decoders that convert the n-number of pixel data simulta-
neously input from the latch part 16 into negative pixel
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signals in combination with the gamma voltages output from
the gamma voltage part 12. The multiplexor 24 responds to
a polarity control signal POL received from the signal
controller 10 to selectively output either one of the positive
pixel signals received from the P decoding part 20 or the
negative pixel signals received from the N decoding part 22.

[0013] The output buffer part 26 includes an n-number of
output buffers that comprise voltage followers connected in
series to the n-number of data lines D1 to Dn. The n-number
of output buffers buffer the pixel voltage signals received
from the DAC 18, and applies the buffered pixel voltage
signals to the n-number of data lines D1 to Dn.

[0014] Accordingly, each of the data driving IC’s 6
according to the conventional art require a 2n-number of
decoders in addition to an n-number of latches, multiplexors
and output buffers in order to drive the n-number of data
lines D1 to Dn. As a result, the data driving IC’s 6 according
to the conventional art have a complex configuration, and
hence a manufacturing cost that is 20% to 30% of the total
manufacturing cost of a liquid crystal display module.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to a
data driving apparatus and method for a liquid crystal
display that substantially obviates one or more of problems
due to limitations and disadvantages of the related art.

[0016] Another object of the present invention is to pro-
vide a data driving apparatus and method for driving a liquid
crystal display wherein data lines can be driven on a time
division basis to reduce the number of data driving IC’s.

[0017] Additional features and advantages of the inven-
tion 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 descrip-
tion and claims hereof as well as the appended drawings.

[0018] 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 plurality of data
driving integrated circuits adjacent to a liquid crystal display
panel for converting input pixel data into pixel voltage
signals, and one or more multiplexor arrays provided adja-
cent to the liquid crystal display panel to make a time-
division of a plurality of data lines into a plurality of regions
to selectively apply the pixel voltage signals from the
plurality of data driving integrated circuits to the plurality of
data lines.

[0019] In another aspect of the present invention, a data
driving method for a liquid crystal display includes convert-
ing input pixel data into pixel voltage signals, performing a
time-division of a plurality of data lines into a plurality of
regions by a multiplexor array to selectively apply the pixel
voltage signals from a plurality of data driving integrated
circuits to the plurality of data lines, and controlling the data
driving integrated circuits and the multiplexor array for
re-arranging the pixel data to be supplied to each of the data
driving integrated circuits to make the time-division of the
pixel data into the plurality of regions.
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[0020] Tt 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] 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 inven-
tion.

[0022]

[0023] FIG. 1 is a schematic view showing a data driving
apparatus of a liquid crystal display according to the con-
ventional art;

[0024] FIG. 2 is a detailed block diagram showing a
configuration of the data driving integrated circuit in FIG. 1;

[0025] FIG. 3 is a plane view of a exemplary liquid crystal
display including a data driving apparatus according to the
present invention,

[0026] FIG. 4 is a detailed circuit diagram of the exem-
plary multiplexor array shown in FIG. 3 according to the
present invention; and

[0027] FIG. 5 is a planc view showing an exemplary
configuration of the thin film transistor shown in FIG. 4
according to the present invention.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] Reference will now be made in detail to the illus-
trated embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0029] FIG. 3 is a plane view of a exemplary liquid crystal
display including a data driving apparatus according to the
present invention. In FIG. 3, a liquid crystal display may
include a plurality of data driving IC’s 36 connected to an
n-number of data lines DL1 to DI.2n of a liquid crystal
display panel 30 via a plurality of TCP’s 34, a plurality of
gate driving [C’s 39 connected to an m-number of gate lines
GL1 to GL2m of the liquid crystal display panel 30 via a
plurality of gate TCP’s 38, a plurality of multiplexor arrays
40 provided within the liquid crystal display panel 30 to
apply pixel voltage signals received from the plurality of
data driving IC’s 36 to the n-number of data lines DL1 to
DI 2n on a time-division basis, and a timing controller (not
shown) for controlling a driving of the plurality of data
driving IC’s 36 and the plurality of gate driving IC’s 39.
Each of the plurality of multiplexor arrays 40 may make an
N frequency division (wherein N=2, 3, . . .) of the n-number
of data lines DL1 to DL.2n driven with a signal received of
a corresponding data driving IC 36, thereby reducing a total
number of the plurality of data driving IC’s 36 to 1/N.

[0030] A case where the n-number of data lines DL1 to
DI 2n are subject to a two frequency division (N=2) by the
plurality of multiplexor arrays 40 will now be described. The
timing controller (not shown) applies pixel data signals to
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the data driving IC’s 36, and controls the driving of the gate
driving IC’s 39 and the data driving IC’s 36. In particular,
the timing controller re-arranges an arrangement sequence
of a 2n-number of pixel data that is to be supplied to a
2n-number of data lines DL1 to DL2n in conformity to a
driving sequence of the 2n-number of data lines DL1 to
DIL2n. The timing controller re-arranges the sequence by the
signal of the data driving IC 36, and then makes an n-time
division of the re-arranged pixel data. For example, first the
timing controller re-arranges the 2n-number of pixel data
that is to be supplied to the signal of the data driving IC 36
by separating the rearranged 2n-number of pixel data into
odd-numbered data and even-numbered data, then the tim-
ing controller applies an n-numbered odd pixel data to the
data driving IC 36 and an n-numbered even pixel data to the
data driving IC 36.

[0031] The gate TCP’s 38 that are mounted with the gate
driving IC’s 39 may be electrically connected to gate pads
that extend from an m-number of gate lines GL1 to GL.2m
of the liquid crystal display panel 30. The gate driving IC’s
39 may apply a gate signal (scanning signal) to the m-num-
ber of gate lines GL1 to GIL.2m of the liquid crystal display
panel 30. Each of the plurality of data TCP’s 34 mounted
with the plurality of data driving IC’s 36 may be electrically
connected to input terminal pads of the multiplexor array 40
that may be provided at an upper portion of the liquid crystal
display panel 30. The plurality of data driving IC’s 36 may
convert and apply digital pixel data signals into analog pixel
voltage signals to the plurality of multiplexor arrays 40 of
the liquid crystal display panel 30. In particular, each data
driving IC 36 may apply a 2n-number of pixel voltage
signals to be supplied to the 2n-number of data lines DL to
DI2n to the multiplexor array 40 in an “n-by-n” order.
Accordingly, each of the plurality of data driving IC’s 36
may include similar elements as the data driving IC 6 shown
in FIG. 2, whereby each data driving IC 36 outputs pixel
voltage signals twice in the “n-by-n” order during every
frame.

[0032] FIG. 4 is a detailed circuit diagram of the exem-
plary multiplexor array shown in FIG. 3 according to the
present invention. In FIG. 4, each multiplexor array 40 may
make a two frequency division of the 2n-number of data
lines DL1 to DL2n to selectively apply the pixel voltage
signals inputted from each data driving IC 36 in the “n-by-
n=38 order to the 2n-number of data lines DL1 to DL2n.
More specifically, each multiplexor array 40 includes an
n-number of multiplexors 42 for selectively connecting an
n-number of output terminals D1 to Dn of the data driving
IC’s 36 to any two of the data lines DL1 to DL2n.

[0033] Each of the multiplexors 42 may include a first
transistor T1 for providing a switching operation in response
to a control signal CS received from the timing controller,
and a second transistor T2 for providing a switching opera-
tion in response to an phase-inverted control signal/CS
received from an inverter INV. The first and second tran-
sistors T1 and T2 selectively output one pixel voltage signal
to the odd data lines or the even data lines by an opposite
switching operation. Accordingly, the multiplexor array 40
makes a two frequency division of the 2n-number of data
lines DL1 to DI2n into an n-number of odd data lines DL1,
DL3,...,DL2n-1 and an n-number of even data lines DL2,
D14, ..., DL2n to drive the data lines.

Jun. 26, 2003

[0034] The multiplexor array 40 is provided on the liquid
crystal display panel 30, and may be formed simultaneously
with formation of a thin film transistor (TFT) array of the
liquid crystal display panel 30. The TFT may be used as a
switching device for each liquid crystal cell in the liquid
crystal display panel 30, and may have an active layer
formed from amorphous silicon, for example. Thus, the TFT
may have a relatively low conductivity. Accordingly, a
typical channel size (i.e., W/L=30/6) of the TFT may result
in a relatively large turn-on resistance on the order of several
MQ, thereby permitting a current flow of only a few uA.
However, the transistors T1 and T2 included in the multi-
plexor array 40 should maintain a turn-on resistance of about
several kQ in order to provide time-divisional driving of the
data lines DL1 to DL2n. Accordingly, in order to reduce
turn-on resistances of the amorphous silicon type transistors
T1 and T2 included in the multiplexor array 40 to several
kQ, it may be necessary to provide a channel width ratio
WI/L as large as possible.

[0035] FIG. 5 is a planc view showing an exemplary
configuration of the thin film transistor shown in FIG. 4
according to the present invention. In FIG. 5, each of the
transistors T1 and T2 may include a gate electrode 44, an
active layer 50 interposed between the gate electrode 44 and
a gate insulating film, and source and drain electrodes 46 and
48 provided on the active layer 50, thereby forming a
finger-shaped channel 52. The source electrode 46 may
include a square band for enclosing an outside portion of the
active layer 50, and a plurality of portion symmetrically
extended inwardly from two opposite sides of the square
band. The drain electrode 48 may be formed to have a
spacing from the square band and the extending portions of
the source electrode 46 at an area defined at an inner side of
the source electrode 46. Thus, the semiconductor layer 50
located between the source electrode 46 and the drain
electrode 48 is provided with the finger-shaped channel 52.

[0036] The transistors T1 and T2 may have an enlarged
channel size due to the finger-shaped channel 52, thereby
reducing their turn-on resistance to about several k€. Fur-
thermore, the transistors T1 and T2 of the multiplexor array
40 may be configured by parallel connection of a plurality of
transistors each having a finger-shaped channel 52, thereby
reducing a turn-on resistance of the entire channel 52. As a
result, the multiplexor array 40 may be provided at a sealed
area between an area attached with the data TCP and a
picture display area of the liquid crystal display panel 30
without any increase of the panel dimension. Furthermore,
the multiplexor array 40 may be used without any modifi-
cation or additional processing steps of the TFT array
process. Alternatively, a polycrystalline silicon active layer
may be formed by annealing only a multiplexor array
portion by means of a laser in order to reduce turn-on
resistances of the transistors T1 and T2 included in the
multiplexor array 40.

[0037] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the data
driving apparatus and method for 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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What is claimed is:
1. A data driving apparatus for a liquid crystal display,
comprising;

a plurality of data driving integrated circuits adjacent to a
liquid crystal display panel for converting input pixel
data into pixel voltage signals; and

one or more multiplexor arrays provided adjacent to the
liquid crystal display panel to make a time-division of
a plurality of data lines into a plurality of regions to
selectively apply the pixel voltage signals received
from the plurality of data driving integrated circuits to
the plurality of data lines.
2. The apparatus according to claim 1, further comprising
a timing controller for controlling the data driving integrated
circuits and the multiplexor array and for re-arranging the
pixel data to be supplied to each of the data driving inte-
grated circuits to make the time-division of the pixel data
into the plurality of regions.
3. The apparatus according to claim 1, wherein each of the
data driving integrated circuits includes:

shift register means for sequentially generating a sam-
pling signal,

latch means for sequentially latching and outputting the
pixel data by a certain unit in response to the sampling
signal,

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

output buffer means for buffering and outputting the pixel
voltage signals from the digital-to-analog converter.

4. The apparatus according to claim 1, wherein the
multiplexor array includes a plurality of switching devices
for selectively driving the plurality of data lines, each of the
plurality of switching devices being an individual transistor
having a finger-shaped channel provided at an amorphous
silicon active layer.

5. The apparatus according to claim 4, wherein each of the
individual transistors having the finger-shaped channel
includes:

a gate electrode;

a gate insulating film adjacent to the gate electrode and the
amorphous silicon active layer;

a source electrode having an outer periphery enclosing an
outside perimeter of the gate electrode, the source
electrode having a plurality of portions symmetrically
extending inwardly from two opposing sides of the
outer periphery;

a drain electrode having a constant distance from the outer
periphery of the source electrode, the drain electrode
having portions disposed between the plurality of por-
tions of the source electrode; and

a continuous finger-shaped channel formed in the active

layer between the source and drain electrodes.

6. The apparatus according to claim 1, wherein the
multiplexor array includes a plurality of switching devices
for selectively driving the plurality of data lines, each of the
plurality of switching devices being a parallel connection of
a plurality of individual transistors each having a finger-
shaped channel provided at an amorphous silicon active
layer.
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7. The apparatus according to claim 6, wherein each of the
individual transistors having the finger-shaped channel
includes:

a gate electrode;

a gate insulating film adjacent to the gate electrode and the
amorphous silicon active layer;,

a source electrode having an outer periphery enclosing an
outside perimeter of the gate electrode, the source
electrode having a plurality of portions symmetrically
extending inwardly from two opposing sides of the
outer periphery;

a drain electrode having a constant distance from the outer
periphery of the source electrode, the drain electrode
having portions disposed between the plurality of por-
tions of the source electrode; and

a continuous finger-shaped channel formed at the active

layer between the source and drain electrodes.

8. The apparatus according to claim 1, wherein the
multiplexor array is positioned at a region between an
attached area of a tape carrier package mounted with the
plurality of data driving integrated circuits and an image
display area of the liquid crystal display panel.

9. The apparatus according to claim 1, wherein the
multiplexor array includes a plurality switching devices for
selectively driving the plurality of data lines, each of the
plurality of switching devices including at least one transis-
tor having a polycrystalline silicon active layer.

10. A method of data driving for a liquid crystal display,
comprising:

converting input pixel data into pixel voltage signals;

performing a time-division of a plurality of data lines into
a plurality of regions by a multiplexor array to selec-
tively apply the pixel voltage signals from a plurality of
data driving integrated circuits to the plurality of data
lines; and

controlling the data driving integrated circuits and the
multiplexor array for re-arranging the pixel data to be
supplied to each of the data driving integrated circuits
to make the time-division of the pixel data into the
plurality of regions.
11. The method according to claim 10, wherein each of
the plurality of data driving integrated circuits includes:

shift register means for sequentially generating a sam-
pling signal;

latch means for sequentially latching and outputting the
pixel data by a certain unit in response to the sampling
signal;

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

output buffer means for buffering and outputting the pixel
voltage signals from the digital-to-analog converter.

12. The method according to claim 10, wherein the
multiplexor array includes a plurality of switching devices
for selectively driving the plurality of data lines, each of the
plurality of switching devices being an individual transistor
having a finger-shaped channel provided at an amorphous
silicon active layer.
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13. The method according to claim 12, wherein each of
the individual transistors having the finger-shaped channel
includes:

a gate electrode;

a gate insulating film adjacent to the gate electrode and the
amorphous silicon active layer;

a source electrode having an outer periphery enclosing an
outside perimeter of the gate electrode, the source
electrode having a plurality of portions symmetrically
extending inwardly from two opposing sides of the
outer periphery;

a drain electrode having a constant distance from the outer
periphery of the source electrode, the drain electrode
having portions disposed between the plurality of por-
tions of the source electrode; and

a continuous finger-shaped channel formed in the active

layer between the source and drain electrodes.

14. The method according to claim 9, wherein the mul-
tiplexor array includes a plurality of switching devices for
selectively driving the plurality of data lines, each of the
plurality of switching devices being a parallel connection of
a plurality of individual transistors each having a finger-
shaped channel provided at an amorphous silicon active
layer.

15. The method according to claim 14, wherein each of
the individual transistors having the finger-shaped channel
includes:
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a gate electrode;

a gate insulating film adjacent to the gate electrode and the
amorphous silicon active layer;

a source electrode having an outer periphery enclosing an
outside perimeter of the gate electrode, the source
electrode having a plurality of portions symmetrically
extending inwardly from two opposing sides of the
outer periphery;

a drain electrode having a constant distance from the outer
periphery of the source electrode, the drain electrode
having portions disposed between the plurality of por-
tions of the source electrode; and

a continuous finger-shaped channel formed at the active
layer between the source and drain electrodes.

16. The method according to claim 10, wherein the
multiplexor array is positioned at a region between an
attached area of a tape carrier package mounted with the
plurality of data driving integrated circuits and an image
display area of the liquid crystal display panel.

17. The method according to claim 10, wherein the
multiplexor array includes a plurality switching devices for
selectively driving the plurality of data lines, each of the
plurality of switching devices including at least one transis-
tor having a polycrystalline silicon active layer.
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