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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR OPERATING THE SAME

[0001] This application claims the benefit of the Korean
Application No. P2001-88417 filed in Korea on Dec. 29,
2001, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a method for
operating a liquid crystal display, and more particularly, to
a method for operating a liquid crystal display (LCD) to
prevent the appearance of blur.

[0004] 2. Background of the Related Art

[0005] In general, an LCD has a system of cells in which
a thin film transistor (TFT) is positioned in each cell of the
LCD. Alarge-sized LCD having a large number of cells has
been the subject of research because it has a high contrast
ratio with a wide and linear gray scale capability for a
moving image. Moreover, a large-sized LCD has application
to large displays, such as High Definition Television
(HDTYV) because a large-sized LCD can be fabricated such
that all of the cells are operational resulting in a high picture
quality.

[0006] Arelated art LCD will be explained, with reference
to the attached drawings. FIG. 1 illustrates a block diagram
of a related art LCD. The related art LCD shown in FIG. 1
is provided with a Low Voltage Differential Signaling
(LVDS) module 1 for receiving a picture data for an LCD
panel 2 and providing data enable signals, vertical synchro-
nizing signals, horizontal synchronizing signals and a sys-
tem clock to a timing controller 3. In addition, the LVDS 1
provides picture data to a memory part 5 of the system. Data
signals are provided to a data driving part 8 of the LCD panel
2 and gate signals are provided to a gate driving part 9 of the
LCD panel 2 by the timing controller 3 in response to the
data enable signals, vertical synchronizing signals, horizon-
tal synchronizing signals and the system clock. The data
driving part 8 provides data to the cells 7 of the LCD panel
2 while the gate driving part 9 drives gates of TFTs in the
cells 7 of the LCD panel 2 such that cells 7 receive data. The
memory part 5 receives the data signals from the timing
controller part 3 and also receives picture data from the
LVDS 1. The picture data is R, G, and B data. Using the
picture data and the data signals, the memory part 5 provides
even and odd numbered signals required for driving data in
the data driving part 8 of the LCD panel 2.

[0007] The LCD panel 2 is provided with a plurality of
gate lines 10 and a plurality of data lines 11 formed in a
matrix shape that define the cells 7 of the LCD panel 2. Each
cell has a TFT (not shown) connected to a pixel electrode.
Aback light 15 that can be a light conduit type is formed on
the backside of the LCD panel 2 for illuminating all of the
cells on the back side of the LCD panel 2. The data level or
voltage value of the data supplied to the pixel electrode
through the TFT determines the amount of light transmit-
tance that will occur through the cell from the back light 15.

[0008] FIG. 2 depicts a timing diagram for the related art
LCD illustrated in FIG. 1. The timing for the related art
LCD shown in FIG. 1 will be explained briefly. Although,
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in general, the timing of a gate signal, such as a scanning
signal, varies with a resolution of the LCD, the timing
diagrams for operating the related art LCD will be explained
based on five scanning signals to simplify explanation. FIG.
2 illustrates a timing diagram for the related art LCD
illustrated in FIG. 1. Referring to FIG. 2, the gate driving
part 9 provides gate signals G1, G2, G3, G4 and G5 to the
gate lines 10 for turning on the TFTs while the data driving
part 8 provides data signals D to data lines 11. More
specifically, the gate signals turn on and then turn off each
TFT in sequence such that the data signals D are transmitted
through the TFTs to the cells of the LCD panel only when
the TFTs are turned on. On a screen for displaying an image,
all of the gate lines are sequentially scanned such that all of
the TFTs for the cells of the LCD panel are turned on and
then turned off during one frame.

[0009] The related art LCD has a problem in that images
of a first frame overlap into a second frame due to the
response time of a cell when data for a cell is changed to new
data in the next frame since light can still momentarily
transmit through the cell. FIG. 3 illustrates the response of
a cell changing from one data state to another data state. As
shown in FIG. 3, the cell has a first frame If that has a first
data level D1. Subsequently, the data in the cell is changed
to a second data level D2 during a second frame 2f.
However, there is a delay in the cell transferring from the
first data level D1 to the second data level D2 that causes the
appearance of blur on the screen. It is appearance of this blur
caused by the delay in a cell transferring from one data level
to another data level that impedes the use of an LCD panel
as a HDTV.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to a
method for operating a liquid crystal display (LCD) that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0011] An object of the present invention is to provide a
method for operating an L.CD, which prevents the appear-
ance of blur in an LCD panel.

[0012] 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 description and claims hereof as well as the
appended drawings.

[0013] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a method for operating a
liquid crystal display having a panel with a back light
includes applying a first gate signal starting a real data
period followed by a second gate signal starting a black data
period sequentially to gate lines of the panel, applying actual
picture data signals to data lines of the panel during the real
data period and reset data signals to the data lines of the
panel during the black data period to drive cells of the panel
during a frame along a gate line and controlling a ratio of the
real data period to the black data period for a subsequent
frame.
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[0014] In another aspect, a method for operating a liquid
crystal display (LCD) having a back light part with a
plurality of light emission elements connected to respective
power source terminals, the method includes the steps of:
providing a gate signal sequentially to a plurality of gate
lines such that all the thin film transistors along each gate
line are turned on; providing one of a reset data signal and
actual picture data signal through each of the turned on thin
film transistors; controlling the power source terminals to
turn off a light emission element corresponding to a gate line
receiving a reset data signal and to turn on a light emission
element corresponding to a gate line receiving an actual
picture data signal.

[0015] In another aspect, a method for operating a liquid
crystal display (LCD) panel having a plurality of gate lines
and a plurality of data lines that cross each other in which a
plurality of light emission elements are in correspondence to
the gate lines of the LCD panel, the method includes the
steps of: applying a gate signal sequentially to the gate lines;
applying a data signal to the data lines synchronized to the
gate signal in each frame; controlling a black data period of
a subsequent frame based upon a state of a present frame;
and turning off the light emission elements corresponding
gate lines in a black data period.

[0016] In another aspect, a liquid crystal display device
includes a panel having a plurality of gate lines running in
parallel in one direction and a plurality of data lines running
in parallel perpendicular to the gate lines, gate input drivers
for providing gate signals to the gate lines, data input drivers
for providing data signals to the data lines and a back light
unit having a plurality of light emitting elements parallel to
the gate lines, wherein at least one of the light emitting
elements are turned off for a time interval corresponding to
a data signal provided to pixels along at least one gate line
corresponding to the at least one light emitting element.

[0017] 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

[0018] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0019]
LCD.

[0020] FIG. 2 depicts a timing diagram for the related art
LCD illustrated in FIG. 1.

[0021] FIG. 3 illustrates the response of a cell changing
from one data state to another data state.

FIG. 1 illustrates a block diagram of a related art

[0022] FIG. 4A illustrates a timing diagram for explaining
a method for operating an LCD in accordance with a first
embodiment of the present invention.

[0023] FIG. 4B illustrates the display along gate lines
GL1, GL2, GL3, GL4 and GLS during a time period t1.

[0024] FIG. 4C illustrates the display along gate lines
GL1, GL2, GL3, GI.4 and GLS during a time period t2
following the time period t1 in FIG. 4B
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[0025] FIG. 5 is front view of a back light having plate
line type lights for an LCD panel using a method for
operating an LCD in accordance with a second embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0026] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. FIG.
4A illustrates a timing diagram for explaining a method for
operating an LCD in accordance with an embodiment of the
present invention. Though not shown in the drawings, the
LCD in accordance with an embodiment of the present
invention includes a timing controller having control means
(not shown) for dividing one frame into a real data period
Td, which starts with a first gate signal, and a black data
period Tb, which starts with a second gate signal. Thus, the
timing controller provides two gate signals to each gate line
such that relevant data signals are applied to a gate line
during one frame. The timing controller can also adjust a
ratio of the real data period Td and the black data period Tb.
Further, the method is for a panel having a plurality of gate
lines running in parallel in one direction, a plurality of data
lines running in parallel perpendicular to the gate lines, gate
input drivers each for providing gate signals to the gate lines,
data input drivers each for providing data signals to the data
lines similar to those described in FIG. 1 of the related art.
The present invention further includes a back light unit
having a plurality of light emitting elements parallel to the
gate lines, wherein at least one of the light emitting elements
are turned off for a time interval corresponding to a data
signal provide to along at least one gate line corresponding
to the at least one light emitting element.

[0027] Although the timing of a gate signal, such as a
scanning signal, varies with resolution of the LCD panel, the
timing diagrams for operating an LCD in accordance with an
embodiment of the present invention will be explained based
on five scanning signals to simplify explanation. FIG. 4A
illustrates a timing diagram for explaining a method for
operating an LCD in accordance with an embodiment of the
present invention. Referring to FIG. 4A, each of the gate
signals G1, G2, G3, G4 and GS is divided into a first gate
signal 100 and a second gate signal 200, wherein the first
gate signal 100 starts the real data period Td and the second
gate signal 200 starts the black data period Tb. Actual picture
data signals are provided to data lines in the real data period
Td during the first gate signal and reset data signals are
provided to data lines in the black data period Tb during the
second gate signal to drive cells of a panel during one frame
along a gate line.

[0028] As shown in FIG. 4A a first gate signal starting a
real data period followed by a second gate signal starting a
black data period is applied sequentially to the gate lines of
a panel. By adjusting a ratio of the real data period Td to the
black data period Tb according to a luminance of the screen,
an panel can be operated as an HDTV with reduced blur. The
blur can be further reduced turning off the light behind cells
of the LCD panel along a gate line that is reset or being reset.

[0029] A method for operating an LCD in accordance with
a first embodiment of the present invention will be explained
in reference to FIG. 4B and FIG. 4C. More particularly,
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FIG. 4B illustrates the display along gate lines GL1, GL2,
GL3, GL4 and GLS during a time period t1 and FIG. 4C
illustrates the display along gate lines GL.1, GL.2, GL3, GL4
and GLS5 during a time period 2 following the time period
t1 in FIG. 4B. For purposes of discussion, it is assumed that
a period of the first gate signal 100 that is provided to a first
gate line during a frame is the time period of t1, as shown
in FIG. 4A. Further, it is assumed that a period of the first
gate signal 100 that is provided to the next gate line after the
first gate line during a frame is the time period of t2, as
shown in FIG. 4A.

[0030] As shown in FIG. 4B, actual picture data is pro-
vided and displayed along the first gate line GL.1 such that
gray scales corresponding to actual picture data signals are
displayed, a black state 300 from reset signals is displayed
along the second gate line GL.2 as a result of a second gate
signal 200 from a prior frame, as shown in FIG. 4B.
Meanwhile, a black state 300 from reset signals is displayed
along the third gate line GL3 as a result of a second gate
signal 200 from a prior frame, as shown in FIG. 4B. In
addition, actual picture data is displayed along the fourth
gate line GL.4 as a result of a first gate signal 100 from a
prior frame such that gray scales corresponding to actual
picture data signals are displayed. Furthermore, actual pic-
ture data signals are displayed along the fifth gate line GLS
as a result of a first gate signal 100 from a prior frame such
that gray scales corresponding to the actual picture data
signals are displayed.

[0031] In the next time period t2 as shown in FIG. 4C,
actual picture data of the t1 time period is displayed along
the first gate line GL1 such that gray scales corresponding to
the actual picture data signals are displayed, and actual
picture data signals are provided and displayed along the
second gate line GL.2 as a result of a first gate signal 100
such that gray scales corresponding to the actual picture data
signals are displayed. Meanwhile, a black state 300 from
reset signals is displayed along the third gate line GL3 as a
result of a second gate signal 200 from a prior frame. In
addition, a black state 300 from reset data signals is provided
and displayed along a fourth gate line GL4 as a result of a
second gate signal 200 from the present frame. Furthermore,
actual picture data signals are displayed along the fifth gate
line GL3 as a result of a first signal 100 from a prior frame
such that gray scales corresponding to the actual picture data
signals are displayed. As shown in FIGS. 4B and 4C, a
position that the at least one of the light emitting elements
that is turned off appears to move in a vertical direction as
time goes by.

[0032] As shown in FIGS. 4A-4C, a first embodiment of
the present invention teaches a method for operating a liquid
crystal display device having a panel with a back light that
includes the steps of applying a first gate signal starting a
real data period followed by a second gate signal starting a
black data period sequentially to gate lines of the panel,
applying actual picture data signals to data lines of the panel
during the real data period and reset data signals to the data
lines of the panel during the black data period to drive cells
of the panel during a frame along a gate line, and controlling
a ratio of the real data period to the black data period for a
subsequent frame. For example, the black data period Tb of
a subsequent frame is increased if the present frame is
displaying bright picture data or the black data period Tb of
a subsequent frame is decreased if the present frame is
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displaying dark image data using the control means (not
shown) of the timing controller to increase the intensity of
an image. More particularly, the controller controls the black
data period by controlling the ratio of the real data period Td
to the black data period Tb within a frame. Moreover, with
regard to the ratio of the real data period Td to the black data
period Tb, the black data period Tb can be increased in a
subsequent frame if there are significant changes in image
data at a high speed in previous frame and can be decreased
if there are not significant changes in image data at a high
speed in previous frame to reduce motion blur.

[0033] By controlling the duration of the black data
according to prior frame information, not only on luminance
of the picture data but also on a speed of motion that is
determined based the degree of change over a few frames,
the intensity of an image can be increased and motion blur
can be controlled. As the motion of an image on an LCD
panel becomes faster, the appearance of motion blur
becomes greater. However, an increased black data period
TB prevents the appearance of the motion blur. As the
motion of an image on an LCD panel slows, the appearance
motion blur decreases and thus the duration of the black data
period TB can be decreased for an increase in the intensity
of the image.

[0034] In general, the back light of a related art LCD
employs a back light having a light guide plate in which light
from light emission elements at edges of the LCD panel is
transmitted to the backside of the LCD panel via a light
guide plate. The light from a light element at the edge of the
LCD panel is reflected through a region of the LCD panel
that is adjacent to the edge of the LCD panel where the light
element is positioned. However, the back light having the
light guide plate projects the same amount of light to the
same region of the LCD panel, regardless of the luminance
for the image on the panel. In other words, even if the image
for the region of the LCD panel is dark, the same amount of
light is provided to the region. Thus, the light efficiency or
light usage for a dark image data or dark regions of an image
on an LCD panel using a back light having the light guide
plate is poor.

[0035] In a second embodiment of the present invention,
an L.CD is provided that has plate line type of back light in
which regions of the LCD panel that are in a black data
period can be turned off for controlling appearance of
motion blur and contrast. There is no use for the light from
the back light for a cell of the LCD panel in the black data
period, since light from the back light which illuminates
through the cell from the backside of an LCD panel is
blocked or absorbed. Accordingly, the energy used to gen-
erate the light is wasted or causes excessive heat that effects
the performance of the liquid crystal. Furthermore, a slight
amount of light leakage can occur through a cell that is
supposed to be reset or turned off, which can cause an
appearance of blur. Therefore, turning off light emitting
elements during a reset period increases energy efficiency,
prevents a build-up of heat and reduces the appearance of
blur.

[0036] FIG. 5 is front view of a back light having plate
line type lights for an LCD panel using a method for
operating an LCD in accordance with an embodiment of the
present invention. As shown in FIG. 5, a back light 17
includes several plate line type lights PL.1-PLn arranged on
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the backside of the LCD panel (not shown) as a light plate.
The plate line type lights PL run in the same direction as the
gate lines that run across the LCD panel (not shown) from
the gate driving part (not shown). If a black data period Tb
is occurring in a region of an LCD panel 16 along a gate line
or gate lines, a corresponding individual plate line type light
or corresponding group of plate line type lights correspond-
ing to the region of the gate line or gate lines are turned off.

[0037] The second embodiment of the present invention
includes a panel having a plurality of gate lines running in
parallel in one direction, a plurality of data lines running in
parallel perpendicular to the gate lines, gate input drivers for
providing gate signals to the gate lines, data input drivers
each for providing data signals to the data lines and a back
light unit having a plurality of light emitting elements
parallel to the gate lines, wherein at least one of the light
emitting elements are turned off by power source terminals.
Also, the second embodiment of the present invention
includes a method for operating a liquid crystal display, as
described above, including the steps of applying a gate
signal to the gate lines and applying a data signal to the data
lines synchronized to the gate signal and turning off at least
one of the light emitting elements that is in a black data
period.

[0038] Referring to FIG. 5, the plate line type lights are
turned off and on at power source terminals V1~Vn at the
side of the back light 17. By controlling the power at the
power source terminals V1~Vn to turn on and off the
appropriate plate line type lights PL, the darkness for a black
data period Tb along a gate line, a set of gate lines or sets of
gate lines can be increased. Although a plate line type light
or a set of plate line lights in a region will be turned off in
accordance with a black data period Tb of a gate line or gate
lines in the region, the actual image will not have dark lines
or regions because of the residual luminescence of liquid
crystal cells resulting from a previous exposure to light. The
control of a plate line type light can be dependent upon the
signal applied to pixels along a corresponding gate line of
the plate line type light or the signals that were applied to
pixels along the corresponding gate line of the plate line type
light.

[0039] A gate signal is sequentially applied to a plurality
of gate lines such that all the thin film transistors along each
gate line are turned on. While the thin film transistors are
turned on, one of a reset data signal and actual picture data
signal are passed through each of the turned on thin film
transistors along a gate line. The data signals are synchro-
nized to the gate signals for each respective gate line. If the
data signal is a reset signal, no power is delivered to the
power source terminals such that the plate line light corre-
sponding to the gate line is turned off. If the data signal is
an actual picture signal, power is delivered to the power
source terminals such that the plate line light corresponding
to the gate line is turned on.

[0040] The length of the black data period is controlled,
which effects control of the plate line lights. For example, a
black data period can be reduced for a subsequent frame if
a present frame has a relatively bright picture data or if prior
frames have a relatively slow picture speed to maintain the
intensity of the display. Accordingly, the number of the
turned off light emission elements is reduced if the black
data period is reduced, since the shorter black data period
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results in less plate line lines concurrently being in a black
data period. In the alternative, a black data period can be
increased for a subsequent frame if a present frame has a
relatively dark picture data or to maintain the contrast of the
display. In addition, a black data period can be increased for
a subsequent frame if prior frames have a relatively fast
picture speed to prevent blur. Accordingly, the number of the
turned off light emission elements is increased if the black
data period is increased, since the longer black data period
results in more plate line lines concurrently being in a black
data period.

[0041] By controlling the duration of the black data period
according to a speed of motion that is determined based on
the degree of change over a few frames and increasing the
darkness during a black data period, motion blur can be
controlled. Accordingly, motion blur of a motion picture can
be prevented, providing a motion picture capability equiva-
lent to a cathode ray tube (CRT) type display. Thus, a high
definition LCD can be implemented as a HDTV.

[0042] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
method for operating a liquid crystal display (LCD) of the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A method for operating a liquid crystal display having
a panel with a back light comprising the steps of:

applying a first gate signal starting a real data period
followed by a second gate signal starting a black data
period sequentially to gate lines of the panel;

applying actual picture data signals to data lines of the
panel during the real data period and reset data signals
to the data lines of the panel during the black data
period to drive cells of the panel during a frame along
a gate line; and

controlling a ratio of the real data period to the black data
period for a subsequent frame.
2. The method according to claim 1, wherein the step of
controlling the ratio includes the step of:

decreasing the black data period of a next frame, if a
present frame has a bright picture data.
3. The method according to claim 1, wherein the step of
controlling the ratio includes the step of:

increasing the black data period of a next frame, if a
present frame has a dark picture data.
4. The method according to claim 1, wherein the step of
controlling a ratio includes the step of:

increasing the black data period of a next frame, if prior
frames have a fast picture speed.
5. The method according to claim 1, wherein the step of
controlling a ratio includes the step of:

decreasing the black data period of the next frame, if prior
frames have a slow picture speed.

6. A method for operating a liquid crystal display (LCD)

having a back light part with a plurality of light emission
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elements connected to respective power source terminals,
the method comprising the steps of:

providing a gate signal sequentially to a plurality of gate
lines such that all the thin film transistors along each
gate line are turned on;

providing one of a reset data signal and actual picture data
signal through each of the turned on thin film transis-
tors;

controlling the power source terminals to turn off a light
emission element corresponding to a gate line receiving
a reset data signal and to turn on a light emission
element corresponding to a gate line receiving an actual
picture data signal.

7. A method for operating a liquid crystal display (LCD)
panel having a plurality of gate lines and a plurality of data
lines that cross each other in which a plurality of light
emission elements are in correspondence to the gate lines of
the LCD panel, the method comprising the steps of:

applying a gate signal sequentially to the gate lines;

applying a data signal to the data lines synchronized to the
gate signal in each frame;

controlling a black data period of a subsequent frame
based upon a state of a present frame; and

turning off the light emission elements corresponding gate

lines in a black data period.

8. The method according to claim 7, wherein the black
data period is reduced in a subsequent frame if a present
frame has a relatively bright picture data.

9. The method according to claim 7, wherein the black
data period is increased in the next frame if the present frame
has a relatively dark picture data.

10. The method according to claim 7, wherein a number
of the turned off light emission elements is reduced if the
black data period is reduced.
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11. The method according to claim 7, wherein a number
of the turned off light emission elements is increased if the
black data period is increased.

12. The method according to claim 7, wherein the black
data period is increased in a subsequent frame if prior frames
have a relatively fast picture speed.

13. The method according to claim 7, wherein the black
data period is reduced in a subsequent frame if prior frames
have a relatively slow picture speed.

14. The method according to claim 7, wherein a number
of the turned off light emission elements is reduced if the
black data period is reduced.

15. The method according to claim 7, wherein a number
of the turned off light emission elements is increased if the
black data period is increased.

16. A liquid crystal display device comprising:

a panel having a plurality of gate lines running in parallel
in one direction and a plurality of data lines running in
parallel perpendicular to the gate lines;

gate input drivers for providing gate signals to the gate
lines;

data input drivers for providing data signals to the data
lines; and

a back light unit having a plurality of light emitting
elements parallel to the gate lines, wherein at least one
of the light emitting elements are turned off for a time
interval corresponding to a data signal provided to
pixels along at least one gate line corresponding to the
at least one light emitting element.

17. The device according to claim 16, a position that the

at least one of the light emitting elements that is turned off
appears to move in a vertical direction as time goes by.
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