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LIQUID CRYSTAL DISPLAY AND METHOD OF
DRIVING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority from Korean
Patent Application No. 10-2005-0101489, filed on Oct. 26,
2005, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] Apparatuses and methods consistent with the
present invention relate to a liquid crystal display (LCD) and
a method of driving the same, and more particularly, to an
LCD with an improved frame rate and brightness and a
method of driving the same.

[0004] 2. Description of the Related Art

[0005] LCDs display images by applying a voltage to each
pixel on a liquid crystal panel according to an input image
signal and adjusting transmittance of light for each pixel and
are used in notebooks, desktop computers, LCD-TVs, and
mobile communication terminals. An LCD is a non-emissive
flat panel display that needs external light to produce images
since it does not emit light. Thus, an LCD requires a
backlight unit that is located behind a liquid crystal panel
and a driver unit for driving the liquid crystal panel.

[0006] FIG. 1 is a schematic diagram of a related LCD.
Referring to FIG. 1, the related LCD includes a liquid crystal
panel 10, a backlight unit 35 supplying light to the liquid
crystal panel 10, and a driver unit driving the liquid crystal
panel 10. The liquid crystal panel 10 includes mxn liquid
crystal pixels arranged in a matrix form, m data lines D,
through D, and n gate lines G, through G, arranged to
intersect each other, and thin film transistors (TFTs) dis-
posed at positions where the data lines D, through D,_, and
the gate lines G, through G, intersect. The driver unit
includes a data driver 15 supplying data signals to the data
lines D, through D_, a gate driver 20 supplying scan signals
to the gate lines G, through G_, a timing controller 25
controlling the data driver 15 and the gate driver 20 using a
synchronization signal, and an inverter 30 driving the back-
light unit 35.

[0007] The TFT formed in each liquid crystal pixel per-
forms a switching operation according to a data signal
supplied from a corresponding one of the data lines D,
through D, in response to a scan signal supplied from a
corresponding one of the gate lines G, through G..

[0008] The timing controller 25 uses a vertical/horizontal
synchronization signal to generate control signals for the
gate driver 20 and the data driver 15. The data driver 15
converts digital image signals into analog data signals in
response to the control signal received from the timing
controller 25 and supplies the analog data signals to the data
lines D, through D_. The gate driver 20 sequentially sup-
plies scan pulses to the gate lines G, through G, in response
to the control signal received from the timing controller 25
and selects horizontal lines of the liquid crystal panel to
which data signals are supplied. The inverter 30 supplies a
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driving voltage to the backlight unit 35. The backlight unit
35 generates a beam corresponding to the driving voltage
and supplies the beam to the liquid crystal panel 10.

[0009] TFTs are the most common type of switching
devices used in LCDs, and LCDs using TFTs as switching
devices are referred to as TFT-LCDs. Producing a color
image in a LCD is accomplished by spatial division in which
each pixel represents one of red (R), green (G), and blue (B)
or time division in which every pixel sequentially represents
R, G, and B colors. When the time division method is used,
the LCD includes R, G, and B light sources that are
sequentially turned on. More specifically, after all pixels are
scanned according to the operation of a gate driver and a
data driver, a red light source is turned on and then off. All
pixels are scanned again and then a green light source is
turned on. The green light source is turned off and all pixels
are scanned again before a blue light source is turned on. On
the other hand, according to the spatial division method, R,
G, and B color filters are disposed in respective regions
corresponding to pixel electrodes to realize respective col-
ors. Thus, when an LCD operates at the same frame fre-
quency, the time division method requires a shorter time
during which each color light source is turned on than taken
using the spatial division method.

[0010] Meanwhile, to display a moving image, the
response rate and operating speed of liquid crystals must be
equal to or greater than the number of frames in the moving
images. Further, LCD frame frequency must be increased to
realize a high-resolution precise moving image. When the
response rate and operating speed of liquid crystals are low,
the screen may appear crumpled or scattered because there
is insufficient time to arrange the liquid crystals in a liquid
crystal panel. Moreover, because the response rate and
operating speed of liquid crystals can be increased only by
limited degree, it is also difficult to increase frame fre-
quency.

[0011] FIG. 2 illustrates arranging lines of a liquid crystal
panel with respect to time showing a process of aligning
liquid crystals according to data supplied from a data driver
and corresponding color light being supplied with respect to
time.

[0012] The time during which liquid crystals are switched
from an “off” state to an “on” state according to a data signal
is called rising time (t) and the time during which all liquid
crystals are switched from an “on” state to an “off” state is
called falling time. The designations S, U, and T denote a
rising interval, an interval during which the liquid crystals
remain in the on state, and a falling interval, respectively. A
backlight unit supplies light during interval U. This process
is repeated sequentially for R, G, and B colors. For example,
when the total time taken for the liquid crystal panel to
display an image frame is 16 msec, data is supplied for less
than 2 msec, and all TFTs are turned on for less than 8 msec
to align liquid crystals, light must be supplied for less than
6 msec. Thus, as frame frequency decreases, the time during
which light is supplied becomes shorter, thus resulting in
significant degradation of brightness. Further, as LCD
screen size increases, brightness degradation becomes more
severe because the time taken for the liquid crystal panel to
turn on increases.
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SUMMARY OF THE INVENTION

[0013] Exemplary embodiments of the present invention
overcome the above disadvantages and other disadvantages
not described above. Also, the present invention is not
required to overcome the disadvantages described above,
and an exemplary embodiment of the present invention may
not overcome any of the problems described above.

[0014] An aspect of the present invention provides a liquid
crystal display (LCD) for providing a high quality image by
increasing frame frequency of a liquid crystal panel while
the response rate remains constant and a method of driving
the LCD.

[0015] An aspect of the present invention also provides an
LCD having an increased frame rate and brightness and a
method of driving the LCD.

[0016] According to an aspect of the present invention,
there is provided an LCD including: a liquid crystal panel
that is partitioned into a plurality of panel regions, each
panel region being independently driven and having data
lines and gate lines; a backlight unit that is partitioned into
a plurality of backlight regions corresponding to the plural-
ity of panel regions and that irradiate light to the panel
regions; and a driver unit that drives the panel regions.

[0017] The driver unit includes: a plurality of data drivers,
one for each of the panel regions, that supply data signals to
the data lines; a plurality of gate drivers, one for each of the
panel regions, that supply scan signals to the gate lines; an
inverter that drives the backlight unit; and a timing control-
ler that controls the inverter and the data drivers and the gate
drivers using vertical and horizontal synchronization sig-
nals, respectively. The panel regions may be driven simul-
taneously.

[0018] The backlight unit includes a plurality of color light
sources that emit light of different colors and the liquid
crystal panel and the backlight unit are sequentially driven
for each color. The liquid crystal panel may be vertically
partitioned with respect to the data lines. The backlight
regions in the backlight unit may be driven simultaneously
in response to a vertical synchronization signal received
from the timing controller.

[0019] Each of the backlight regions is vertically parti-
tioned with respect to the data lines into sub-regions and
light is cyclically supplied from light sources in a sub-region
of the sub-regions after a scan is completed for a panel
region disposed opposite the sub-region.

[0020] According to another aspect of the present inven-
tion, the LCD may include: a liquid crystal panel vertically
partitioned with respect to the data lines into first and second
panel regions, each panel region being independently driven
and having data lines and gate lines arranged in a two-
dimensional array; a backlight unit having first and second
backlight regions that are disposed opposite the first and
second panel regions, respectively, and that irradiate light to
the first and second panel regions; and a driver unit that
independently drives the first and second panel regions.

[0021] The driver unit includes: a first data driver that
supplies data signals to data lines in the first panel region; a
first gate driver that supplies scan signals to gate lines in the
first panel region; a second data driver that supplies data
signals to data lines in the second panel region; and a second
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gate driver that supplies scan signals to gate lines in the
second panel region; an inverter that drives the first and
second backlight regions; and a timing controller that con-
trols the first and second data drivers and gate drivers using
vertical and horizontal synchronization signals, respectively,
and controls the inverter in synchronization with the first and
second data drivers.

[0022] According to another aspect of the present inven-
tion, there is provided a method for driving an LCD includ-
ing the steps of: partitioning a liquid crystal panel having
data lines and gate lines into a plurality of panel regions that
can be independently driven; simultaneously driving the
panel regions; partitioning a backlight unit into a plurality of
backlight regions corresponding to the panel regions; and
irradiating light from each of the backlight regions after
completing a scan of a corresponding panel region.

[0023] The driving the panel regions includes: supplying
data signals to data lines in the panel regions using data
drivers, one for each of the panel regions; supplying scan
signals to gate lines in the panel regions using gate drivers,
one for each panel region; and controlling the data drivers
and the gate drivers using vertical and horizontal synchro-
nization signals, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other aspects of the present inven-
tion will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

[0025] FIG. 1 schematically illustrates a related liquid
crystal display (LCD);

[0026] FIG. 2 illustrates a driving scheme for a related
LCD:;
[0027] FIG. 3 is a schematic diagram of an LCD according

to an exemplary embodiment of the present invention;

[0028] FIGS. 4A and 4B are timing diagrams respectively
showing time taken to form one frame for a related LCD and
time taken to display one frame for the LCD of FIG. 3;

[0029] FIG. 51is a schematic diagram of an LCD according
to another exemplary embodiment of the present invention;

[0030] FIGS. 6A-6C are diagrams for explaining a method
of driving the LCD of FIG. 5 according to an exemplary
embodiment of the present invention; and

[0031] FIG. 7 is a flowchart illustrating a method of
driving an LCD according to an exemplary embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
INVENTION

[0032] Hereinafter, the present invention will be described
in detail by explaining exemplary embodiments of the
invention with reference to the attached drawings. FI1G. 3 is
a schematic diagram of an LCD according to an exemplary
embodiment of the present invention. Referring to FIG. 3,
the LCD includes a liquid crystal panel 100 divided into a
plurality of panel regions, and a backlight unit 110 supplying
light to the panel regions.
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[0033] The backlight unit 110 includes backlight regions
corresponding to the panel regions. The LCD further
includes a data driver and a gate driver for each panel region.
The data driver and the gate driver respectively supply a data
signal and a scan signal to a corresponding panel region.

[0034] For example, the liquid crystal panel 100 may
include first and second panel regions 101 and 102 and the
backlight unit 110 includes first and second backlight
regions 111 and 112 corresponding to the first and second
panel regions 101 and 102. The LCD further includes first
and second data drivers 121 and 122 for supplying data
signals to data lines in the first and second panel regions 101
and 102, respectively, and first and second gate drivers 131
and 132 for supplying scan signals to gate lines in the first
and second panel regions 101 and 102, respectively.

[0035] The first and second data drivers 121 and 122 and
the first and second gate drivers 131 and 132 are controlled
by a timing controller 140. The timing controller 140 uses a
horizontal synchronization signal to control the first and
second data drivers 121 and 122. The timing controller 140
also uses a vertical synchronization signal to control the first
and second gate drivers 131 and 132. The backlight unit 110
is driven by an inverter 145 that is controlled by the timing
controller 140.

[0036] The first panel region 101 of the liquid crystal
panel 100 includes m1xnl liquid crystal pixels arranged in
amatrix, m1 data lines D, through D, ; and n1 gate lines G,
through G, arranged to intersect each other, and thin film
transistors (TFTs) disposed at positions where the data lines
D, through D_, and the gate lines G, through G, intersect.
The second panel region 102 includes m2xn2 liquid crystal
pixels arranged in a matrix, m2 data lines D, through D_,
and n2 gate lines G, through G, , arranged to intersect each
other, and thin film transistors (TFTs) disposed at positions
where the data lines D, through D_, and the gate lines G,
through G, intersect.

[0037] The liquid crystal panel 100 may be vertically
partitioned into a plurality of panel regions with respect to
the data lines D, through D, ;. According to the current
exemplary embodiment of the present invention, the liquid
crystal panel 100 is divided into the two panel regions 101
and 102. The backlight unit 110 is divided into the first and
second backlight regions 111 and 112 corresponding to the
first and second panel regions 101 and 102 and irradiates
light onto the corresponding panel regions 101 and 102.

[0038] The first and second panel regions 101 and 102
may be simultaneously driven through their corresponding
gate drivers and the data drivers. The first panel region 101
is scanned and then irradiated with light emitted from the
first backlight region 111. At the same time, the second panel
region 102 is scanned and then irradiated with light emitted
from the second backlight region 112. The first and second
panel regions 101 and 102 can be scanned from top to
bottom or from bottom to top.

[0039] FIG. 4A is a timing diagram showing time taken to
display one frame when a related liquid crystal panel is
constituted of a single region and FIG. 4B is a timing
diagram showing time taken to display one frame when the
liquid crystal panel is divided into two panel regions, as
illustrated in FIG. 3, with liquid crystals having the same
response rate as liquid crystals in the related liquid crystal
panel. As is evident from FIGS. 4A and 4B, the LCD
according to the current exemplary embodiment of the
present invention has a higher frame rate than that of the
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conventional LCD. Thus, according to the current exem-
plary embodiment of the present invention, it is possible to
easily improve an LCD frame rate, considering that there is
a restriction in increasing the response rate of liquid crystals.

[0040] 1Inorder to increase brightness as well as frame rate
by increasing the time during which light is supplied, each
of the first and second panel regions 101 and 102 is further
divided into a plurality of sub-regions. The sub-regions are
virtual regions that need not be independently driven.

[0041] Each of the first and second backlight regions 111
and 112 can be further divided into a plurality of sub-regions
corresponding to the sub-regions of the first and second
panel regions 101 and 102. The sub-regions of the first and
second backlight regions 111 and 112 can be driven inde-
pendently by the inverter 145. FIG. 5 is a schematic diagram
of an LCD according to another exemplary embodiment of
the present invention. Referring to FIG. 5, a first backlight
region 111 contains first through third backlight sub-regions
111a through 111c¢ and a second backlight region 112
contains fourth through sixth sub-regions 112a through
112¢. A first panel region 101 is partitioned into first through
third panel sub-regions 101a through 101¢ corresponding to
the first through third backlight sub-regions 111a through
111c. The second panel region 102 is partitioned into fourth
through sixth panel sub-regions 102a through 102¢ corre-
sponding to the fourth through sixth backlight sub-regions
112a through 112¢.

[0042] FIGS. 6A-6C are diagrams for explaining a method
of driving the LCD of FIG. 5. Referring to FIG. 6A, once a
scan of the first and fourth sub-regions 101a and 1024 is
completed, light sources in the first and fourth backlight
sub-regions 111a and 112q are turned on to irradiate light on
the first and fourth panel sub-regions 101a¢ and 102a while
light sources in the remaining panel sub-regions are turned
off. Then, once a scan of the second and fifth panel sub-
regions 1015 and 1025 is completed, light sources in the
second and fifth backlight sub-regions 1116 and 1125 are
turned on to irradiate light on the second and fifth panel
sub-regions 1015 and 1024 as illustrated in FIG. 6B. In this
case, light sources in the first, second, fourth, and fifth
backlight sub-regions 110a, 1105, 1114, and 1115 are turned
on while light sources in the third and sixth backlight
sub-regions 110¢ and 111c are turned off. Referring to FIG.
6C, after a scan of the third and sixth panel sub-regions 101¢
and 102¢ is completed, light sources in the third and sixth
panel backlight sub-regions 111¢ and 112¢ are turned on to
irradiate light on the third and sixth panel sub-regions 101¢
and 102¢. Then, new image data for light of another color is
input and light sources in all of the backlight sub-regions
1114 through 112¢ are turned off before the first and third
panel sub-regions 101a and 102a are scanned according to
the new image data. The above process is cyclically
repeated, thereby increasing light supply time and brightness
of an LCD.

[0043] FIG. 7 is a flowchart illustrating a method of
driving an LCD according to an exemplary embodiment of
the present invention. Referring to FIG. 7, in operation S10,
a liquid crystal panel having data lines and gate lines is
vertically partitioned with respect to the data lines into a
plurality of panel regions having substantially the same area
and the same shape and that can be independently driven. In
operation S20, the plurality of panel regions are driven
simultaneously using a data driver and a gate driver for each
panel region. In operation S30, a backlight unit for supply-
ing light to the liquid crystal panel is divided into a plurality
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of backlight regions corresponding to the plurality of panel
regions. The plurality of backlight regions may be simulta-
neously or independently driven. In operation S40, after
completing a scan of each panel region, a corresponding
backlight region irradiates light to each panel region. Light
supplied to each panel region passes through each pixel of
a liquid crystal panel with controlled transmittance to pro-
duce an image. This process is sequentially performed for
each color in the same way. For example, images for R, G,
and B color light are sequentially produced and then com-
bined into a single color image.

[0044] An LCD according to an exemplary embodiment
the present invention has an increased frame rate of a liquid
crystal panel while the response rate remains constant by
partitioning a liquid crystal panel into panel regions that can
be independently driven and simultaneously driving the
panel regions, thereby producing high-resolution moving
images and large screen images. The number of panel
regions can be suitably selected considering the response
rate of a liquid crystal panel and a desired frame rate.

[0045] Further, the supply time of light can be increased
by partitioning each of a plurality of backlight regions into
smaller backlight sub-regions and cyclically driving the
backlight sub-regions. Each of the backlight sub-regions is
independently switched on or off and irradiates light to a
corresponding panel region after completing a scan of the
panel region. By partitioning each backlight region into
smaller sub-regions and increasing the supply time of light,
brightness as well as frame rate can be improved.

[0046] A method of driving the LCD according to an
exemplary embodiment of the present invention can increase
a frame rate for a restricted response rate of a liquid crystal
panel by partitioning the liquid crystal panel and a backlight
unit into a plurality of regions and simultaneously driving
the same.

[0047] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. A Liquid Crystal Display (LCD) comprising:

a liquid crystal panel which is partitioned into a plurality
of panel regions, each panel region being indepen-
dently driven and having data lines and gate lines;

a backlight unit which is partitioned into a plurality of
backlight regions corresponding to the plurality of
panel regions which irradiate light to the plurality of
panel regions; and

a driver unit which drives the plurality of panel regions.
2. The LCD of claim 1, wherein the driver unit comprises:

a plurality of data drivers, one for each of the plurality of
panel regions, which supplies data signals to the data
lines;

a plurality of gate drivers, one for each of the plurality of
panel regions, which supplies scan signals to the gate
lines;

an inverter which drives the backlight unit; and
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a timing controller which controls the inverter and the
data drivers using horizontal synchronization signals
and the gate drivers using vertical synchronization
signals, respectively.

3. The LCD of claim 1, wherein the plurality of panel

regions are driven simultaneously.

4. The LCD of claim 1, wherein the backlight unit
comprises a plurality of color light sources emitting light of
different colors, wherein the liquid crystal panel and the
backlight unit are sequentially driven for each color.

5. The LCD of claim 2, wherein the liquid crystal panel
is vertically partitioned with respect to the data lines.

6. The L.CD of claim 5, wherein the plurality of backlight
regions in the backlight unit are driven simultaneously in
response to a vertical synchronization signal received from
the timing controller.

7. The LCD of claim 1, wherein each of the backlight
regions are vertically partitioned with respect to the data
lines into a plurality of sub-regions and light is cyclically
supplied from light sources in the plurality of the sub-
regions after a scan is completed for a panel region disposed
opposite the sub-region.

8. A Liquid Crystal Display (LCD) comprising:

a liquid crystal panel which is vertically partitioned into
first and second panel regions with respect to data lines,
each of the first and second panel regions being inde-
pendently driven and having data lines and gate lines
arranged in a two-dimensional array;

a backlight unit comprising first and second backlight
regions that are disposed opposite the first and second
panel regions, respectively, which irradiate light to the
first and second panel regions and

a driver unit which independently drives the first and
second panel regions.
9. The LCD of claim 8, wherein the driver unit comprises:

a first data driver which supplies data signals to data lines
in the first panel region;

a first gate driver which supplies scan signals to gate lines
in the first panel region;

a second data driver which supplies data signals to data
lines in the second panel region; and

a second gate driver which supplies scan signals to gate
lines in the second panel region;

an inverter which drives the first and second backlight
regions; and

a timing controller which controls the first and second
data drivers and gate drivers using vertical and hori-
zontal synchronization signals, respectively, and con-
trols the inverter in synchronization with the first and
second data drivers.

10. The LCD of claim 8, wherein the first and second

panel regions are simultaneously driven.

11. The LCD of claim 8, wherein the backlight unit
comprises a plurality of color light sources which emit light
of different colors and wherein the liquid crystal panel and
the backlight unit are sequentially driven for each color.

12. The LCD of claim 11, wherein light sources in the first
and second backlight regions are driven simultaneously in
response to a vertical synchronization signal received from
the timing controller.
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13. The LCD of claim 8, wherein each of the first and
second backlight regions are vertically partitioned with
respect to the data lines into sub-regions and light is cycli-
cally supplied from light sources in a sub-region of backlight
regions after a scan is completed for a panel region disposed
opposite the sub-region.

14. A method of driving an LCD, comprising:

partitioning a liquid crystal panel having data lines and
gate lines into a plurality of panel regions that can be
independently driven;

simultaneously driving the plurality of panel regions;

partitioning a backlight unit into a plurality of backlight
regions corresponding to the plurality of panel regions;
and

irradiating light from each of the backlight regions after
completing a scan of a corresponding panel region.
15. The method of claim 14, wherein the driving of the
panel regions comprises:

supplying data signals to data lines in the panel regions
using data drivers, one for each of the panel regions;
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supplying scan signals to gate lines in the panel regions
using gate drivers, one for each of the panel regions;
and

controlling the data drivers and the gate drivers using
horizontal and vertical synchronization signals, respec-
tively.

16. The method of claim 14, wherein the backlight unit
comprises a plurality of color light sources which emit light
of different colors, and wherein the liquid crystal panel and
the backlight unit are sequentially driven for each color.

17. The method of claim 14, wherein light sources in the
first and second backlight regions are driven simultaneously
in response to a vertical synchronization signal received
from the timing controller.

18. The method of claim 14, wherein each of the first and
second backlight regions are vertically partitioned into a
plurality of sub-regions by the grid lines and light is cycli-
cally supplied from light sources in a sub-region of the
backlight regions after a scan is completed for a panel region
disposed opposite the sub-region.
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