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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

[0001] This application claims the benefit of Korea Patent
Application No. 10-2009-0124996 filed on Dec. 15,2009, the
entire contents of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play, and more particularly, to a liquid crystal display and a
method of driving the same.

[0004] 2. Discussion of the Related Art

[0005] A range of application for liquid crystal displays has
gradually widened because of its excellent characteristics
such as light weight, thin profile, and low power consump-
tion. The liquid crystal displays have been used in personal
computers such as a notebook PCs, office automation equip-
ments, audio/video equipments, interiotr/outdoor advertising
display devices, and the like. A backlit liquid crystal display
occupying most of the liquid crystal displays controls an
electric field applied to a liquid crystal layer and modulates
light coming from a backlight unit, thereby displaying an
image.

[0006] When the liquid crystal display displays a motion
picture, the observer may perceive a motion blur because of
the characteristics of liquid crystals. A scanning backlight
driving technology may provide an effect similar to an impul-
sive drive of a cathode ray tube (CRT) by sequentially turning
onand off a plurality of light sources of a backlight unit along
a scanning direction of display lines, and thus may solve the
motion blur of the liquid crystal display. However, because
the light sources of the backlight unit are turned off for pre-
determined time in each frame period in the scanning back-
light driving technology, the display screen becomes dark.
[0007] To reduce the problem of the dark display screen
resulting from turn-off time (or off-duty time) of the backlight
unit in the scanning backlight driving technology, the turn-off
time of the backlight unit can be varied by varying a backlight
dimming value depending on a brightness of the display
screen, thereby allowing the changes in the luminance of the
display screen depending on changes in the turn-off time of
the backlight unit to be compensated for data modulation.
However, in the liquid crystal display having a wide range of
variation of the turn-off time of the backlight unit, when the
turn-off time of the backlight unit varies, the display quality
of the liquid crystal display degrades because the motion
picture response time (MPRT) increases.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention is directed to a
liquid crystal display and method for driving the same that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0009] An object of the present invention is to provide a
liquid crystal display and a method of driving the same
capable of solving the problem of long motion picture
response time (MPRT) generated when turn-off time of a
backlight unit varies.

[0010] 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
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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.

[0011] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, the liquid crystal display includes a
liquid crystal display panel, a backlight unit including a plu-
rality of light sources, the backlight unit configured to provide
light to the liquid crystal display panel, a light source driving
unit configured to drive the light sources of the backlight unit
using a backlight control signal, and a backlight controller
configured to select a backlight dimming value depending on
an input image and vary an off-start time of the backlight
control signal based on the backlight dimming value.

[0012] Inanother aspect, theliquid crystal display includes
a liquid crystal display panel, a backlight unit including a
plurality of light sources, the backlight unit configured to
provide light to the liquid crystal display panel, a light source
driving unit configured to drive the light sources of the back-
light unit using a backlight control signal, and a backlight
controller configured to detect a change in a backlight dim-
ming value of consecutive input images and vary an off-start
time of the backlight control signal based on the detected
change in the backlight dimming value.

[0013] In another aspect, the backlight controller includes
an input image analysis unit configured to select a frame
representative value of an input image corresponding to one
frame period, a dimming calculation unit configured to select
abacklight dimming value based on the frame representative
value, a scanning time determination unit configured to gen-
erate an off-start time data based on the backlight dimming
value and vary the off-start time data depending on changes in
the backlight dimming value, and a dimming controller con-
figured to select a duty ratio of a backlight control signal
based on the backlight dimming value and control a falling
edge time of the backlight control signal.

[0014] In another aspect, the method of driving a liquid
crystal display includes providing light to the liquid crystal
display panel, driving light sources ofa backlight unit using a
backlight control signal, selecting a backlight dimming value
depending on an input image, and varying an off-start time of
the backlight control signal based on the backlight dimming
value using a backlight controller.

[0015] In another aspect, the method of driving a liquid
crystal display includes providing light to the liquid crystal
display panel, driving light sources of a backlight unit using a
backlight control signal, selecting a backlight dimming value
depending on an input image, and varying an off-start time of
the backlight control signal based on achange in the backlight
dimming value of consecutive input images using a backlight
controller.

[0016] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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 invention. In
the drawings:
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[0018] FIG. 1 is a block diagram showing a liquid crystal
display according to an exemplary embodiment of the inven-
tion;

[0019] FIG. 2 is an equivalent circuit diagram showing a
portion of a pixel array of a liquid crystal display panel shown
in FIG. 1;

[0020] FIG. 3 is an exemplary timing diagram showing a
scanning backlight drive according to the exemplary embodi-
ment of the invention;

[0021] FIG.4isacircuit diagram showing a first exemplary
embodiment of a backlight controller shown in FIG. 1;
[0022] FIG. Sillustrates examples of off-start times of light
sources depending on changes in an off-duty ratio of the
backlight unit;

[0023] FIGS. 6 to 8 illustrate experimental results of the
exemplary embodiment of the invention;

[0024] FIG. 9is a block diagram showing a second exem-
plary embodiment of a backlight controller shown in FIG. 1;
and

[0025] FIG. 10 illustrates an example of dividing a display
screen of a liquid crystal display panel and a light emitting
surface of a backlight unit into a plurality of blocks for local
dimming.

DETAILED DESCRIPTION OF THE
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.

[0027] As shown in FIGS. 1 and 2, a liquid crystal display
according to an exemplary embodiment of the invention
includes a liquid crystal display panel 10, a source driving
unit 12 for driving data lines 14 of the liquid crystal display
panel 10, a gate driving unit 13 for driving gate lines 15 of the
liquid crystal display panel 10, a timing controller 11 for
controlling the source driving unit 12 and the gate driving unit
13, a backlight unit proving light to the liquid crystal display
panel 10, and a backlight controller 23 for controlling a
sequential drive of a plurality of light sources 21 of the back-
light unit, and a light source driving unit 22.

[0028] The liquid crystal display panel 10 includes an
upper glass substrate, a lower glass substrate, and a liquid
crystal layer between the upper and lower glass substrates.
The plurality of data lines 14 and the plurality of gate lines 15
cross one another on the lower glass substrate of the liquid
crystal display panel 10. A plurality of liquid crystal cells Clc
are arranged on the liquid crystal display panel 10 in a matrix
form in accordance with a crossing structure of the data lines
14 and the gate lines 15.

[0029] As shown in FIG. 2, a pixel array is formed on the
lower glass substrate of the liquid crystal display panel 10.
The pixel array includes the data lines 14, the gate lines 15,
thin film transistors TFT, pixel electrodes of the liquid crystal
cells Cle connected to the thin film transistors TFT, storage
capacitors Cst, and the like.

[0030] A black matrix, a color filter, and a common elec-
trode are formed on the upper glass substrate of the liquid
crystal display panel 10. In a vertical electric field driving
manner, such as a twisted nematic (TN) mode and a vertical
alignment (VA) mode, the common electrode is formed on the
upper glass substrate. In a horizontal electric field driving
manner, such as an in-plane switching (IPS) mode and a
fringe field switching (FFS) mode, the common electrode and
the pixel electrode are formed on the lower glass substrate.

Jun. 16, 2011

Polarizing plates are respectively attached to the upper and
lower glass substrates of the liquid crystal display panel 10.
Alignment layers for setting a pre-tilt angle of liquid crystals
are respectively formed on the inner surfaces contacting the
liquid crystals in the upper and lower glass substrates.

[0031] The source driving unit 12 includes a plurality of
source driver integrated circuits (ICs). The source driving unit
12 latches the digital video data R'G'B' under the control of
the timing controller 11. The source driving unit 12 converts
the digital video data R'G'B' into positive and negative analog
data voltages using positive and negative gamma compensa-
tion voltages to supply the positive/negative analog data volt-
ages to the data lines 14.

[0032] The gate driving unit 13 includes a plurality of gate
driver ICs. The gate driving unit 13 includes a shift register, a
level shifter for converting an output signal of the shift reg-
ister into a swing width suitable for a TFT drive of the liquid
crystal cells, an output buffer, and the like. The plurality of
gate driver ICs of the gate driving unit 13 sequentially output
a gate pulse (or a scan pulse) having a pulse width of about
one horizontal period to supply the gate pulse to the gate lines
15.

[0033] The timing controller 11 receives data RGB of an
input image and timing signals Vsync, Hsync, DE, and DCLK
from an external system board. The timing signals Vsync,
Hsync, DE, and DCLK include a vertical sync signal Vsync,
a horizontal sync signal Hsync, a data enable signal DE, and
a dot clock DCLK. The timing controller 11 generates a
source timing control signal DDC and a gate timing control
signal GDC for controlling operation timings of the source
driving unit 12 and the gate driving unit 13, respectively,
based on the timing signals Vsync, Hsync, DE, and DCLK
received from the system board. The timing controller 11
supplies the data RGB of the input image to the backlight
controller 23 and receives the modulated data R'G'B' modu-
lated by the backlight controller 23 to supply the modulated
data R'G'B' to the source driving unit 12. The timing control-
ler 11 inserts an interpolation frame between frames of a
signal of the input image input at a frame frequency of 60 Hz
and multiplies the frequency of the source timing control
signal DDC by the frequency of the gate timing control signal
GDC. Hence, the timing controller 11 can control operations
of the source driving unit 12 and the gate driving unit 13 ata
frame frequency of (60xN) Hz, where N is a positive integer
equal to or greater than 2.

[0034] The backlight unit may be one of an edge type
backlight unit and a direct type backlight unit. In the edge
type backlight unit, the plurality of light sources 21 are posi-
tioned the sides of the light guide plate 20, and a plurality of
optical sheets are positioned between the liquid crystal dis-
play panel 10 and the light guide plate 20. In the direct type
backlight unit, a plurality of optical sheets and a diffusion
plate are stacked under the liquid crystal display panel 10 and
the plurality of light sources 21 are positioned under the
diffusion plate. The light sources 21 may be at least one of a
cold cathode fluorescent lamp (CCFL), an external electrode
fluorescent lamp (EEFL), and a light emitting diode (LED).
The optical sheets include at least one prism sheet and at least
one diffusion sheet to diffuse light from the light guide plate
20 or the diffusion plate and to refract the travel path of light
traveling substantially perpendicular to a light incident sur-
face of the liquid crystal display panel 10. The optical sheets
may include a dual brightness enhancement film (DBEF).
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[0035] The backlight controller 23 controls the light
sources 21 using a backlight control signal, e.g., a pulse width
modulation (PWM) signal, pulse amplitude modulation
(PAM) signal, pulse frequency modulation (PFM) signal, so
that the light sources 21 are sequentially driven along a data
scanning direction of the liquid crystal display panel 10 under
the control of the timing controller 11. The backlight control-
ler 23 analyzes the input image data RGB to select a backlight
dimming value and adjusts the duty ratio of the PWM signal
depending on the backlight dimming value thereby control-
ling the light source driving unit 22.

[0036] When the turn-offtime of the light sources 21 varies
depending on changes in the backlight dimming value, the
backlight controller 23 controls the turn-off start time point of
the light sources 21 by varying the off-start time of the PWM
signal. For example, as the backlight dimming value
decreases, the backlight controller 23 may allow the turn-off
start time point of the light sources 21 to be advanced.
[0037] As shown in FIG. 3, the light source driving unit 22,
sequentially turns on and off the light sources 21 in response
to the PWM signal or digital data type backlight dimming
data and off-start time data indicating the turn-off start time
point of the light sources 21 that are received from the back-
light controller 23. The light sources 21 are turned on and off
depending on a turn-on percentage and a turn-off percentage
determined by the PWM signal or the backlight dimming
data. In addition, the light sources 21 are sequentially turned
on in synchronization with the data scanning operation of the
liquid crystal display panel 10. In FIG. 3, LBL1 to LBLN
denote a plurality of blocks divided from a light emitting
surface of the backlight unit. Each of the blocks LBL1 to
LBLN s turned on and off by the light sources 21 wherein the
turn-on percentage and the turn-off percentage thereof are
determined by the PWM signal. In FIG. 3, “ON” denotes
turn-on time of the blocks LBL1 to LBLN during one frame
period, and “OFF” denotes turn-off time of the blocks LBL1
to LBLN during one frame period. The turn-on time and the
turn-off time of the light sources 21 are determined by the
PWM signal received from the backlight controller 23. The
turn-on time “ON” of the light sources 21 increases as a duty
ratio of the PWM signal increases, and shortens as the duty
ratio of the PWM signal decreases. On the other hand, the
turn-off time “OFF” of the light sources 21 increases as the
duty ratio of the PWM signal decreases, and shortens as the
duty ratio of the PWM signal increases.

[0038] FIG. 4 is a circuit diagram showing the backlight
controller 23, in detail, and the light source driving unit 22. As
shown in FIG. 4, the backlight controller 23 includes an input
image analysis unit 31, a data modulation unit 32, a diming
calculation unit 33, a diming controller 34, and a scanning
time determination unit 35.

[0039] The input image analysis unit 31 calculates a histo-
gram (i.e., a cumulative distribution function) of input image
data RGB corresponding to one frame and selects a frame
representative value from the histogram. The frame represen-
tative value may be calculated using one of a mean value, a
mode value (indicating a value that occurs the most fre-
quently in the histogram), and a maximum value of the his-
togram. The input image analysis unit 31 determines a gain
value depending on the frame representative value and sup-
plies the gain value to the data modulation unit 32 and the
diming calculation unit 33. The gain value may decrease as
the frame representative value increases, and may increase as
the frame representative value decreases. For example, when
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the gain value and the frame representative value are respec-
tively denoted by “G” and “FR”, the gain value G may be
calculated as G=255/FR.

[0040] The data modulation unit 32 receives the gain value
from the input image analysis unit 31 and modulates the input
image data RGB based on the gain value to generate the
modulation data R'G'B' to be input to the source driving unit
12. More specifically, the data modulation unit 32 compares
the current gain value received from the input image analysis
unit 31 with the previously calculated gain value and corrects
the current gain value when there is a difference between the
current gain value and the previously calculated gain value.
Then, the data modulation unit 32 multiplies the corrected
current gain value by the input image data RGB to calculate
the modulation data R'G'B'. A data modulation operation
performed by the data modulation unit 32 may be imple-
mented using a look-up table.

[0041] The diming calculation unit 33 selects a backlight
dimming value DIM based on the gain value received from
the input image analysis unit 31. The diming calculation unit
33 may select the backlight dimming value DIM using a
method for calculating the backlight dimming value DIM
through a backlight dimming curve set by a relationship
between the gain value and the backlight dimming value
DIM. The backlight dimming value DIM increases as the gain
value increases. The backlight dimming curve may be imple-
mented using a look-up table.

[0042] The diming controller 34 selects a duty ratio of the
PWM signal based on the digital data type backlight dimming
value DIM received from the diming calculation unit 33. As
the backlight dimming value DIM increases, the duty ratio of
the PWM signal and the on-duty time (or high-logic hold
time) of the PWM signal increase. On the other hand, the
off-duty time of the PWM signal shortens as the backlight
dimming value DIM increases, and vice versa.

[0043] The diming controller 34 advances or retards the
phase of the PWM signal based on the off-start time data
received from the scanning time determination unit 35. The
diming controller 34 inverts the PWM signal based on the
off-start time data variation, which results from changes in the
backlight dimming value DIM. For example, as the off-start
time data value decreases, the diming controller 34 advances
the phase of the PWM signal to advance the off-start time of
the PWM signal. On the other hand, as the off-start time data
value increases, the diming controller 34 retards the phase of
the PWM signal to delay the off-start time of the PWM signal.
In the exemplary embodiment, the off-start time of the PWM
signal indicates a falling edge time where the PWM signal
changes from a high logic level to a low logic level.

[0044] The scanning time determination unit 35 outputs the
off-start time data based on the backlight dimming value DIM
received from the diming calculation unit 33. The off-start
time data is an optimized value ofthe motion picture response
time (MPRT) in each of the backlight dimming values DIM
obtained through an experiment of motion picture response
time required to raise the luminance of data to a target lumi-
nance of next data. The off-start time data is set to be a
different value for each of the backlight dimming values
DIM. Thus, when the backlight dimming value DIM changes,
the off-start time data varies. For example, the off-start time
data may be set to decrease as the backlight dimming value
DIM decreases, and may be set to increase as the backlight
dimming value DIM increases.
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[0045] Alternatively, the scanning time determination unit
35 may include a memory (not shown) and a comparator (not
shown) that is configured to detect the change in the backlight
dimming value of consecutive input images. In this case, the
scanning time determination unit 35 varies the off-start time
of the backlight control signal based on the detected change in
the backlight dimming value.

[0046] The light source driving unit 22 turns on and off the
light sources 21 based on the duty ratio of the PWM signal.
The light sources 21 are turned on during a high-logic level
period of the PWM signal and are turned off during a low-
logic level period of the PWM signal. As described above, the
off-start time when the light sources 21 start to be turned off
is the optimized value of motion picture response time and is
set to be a different value for each of the backlight dimming
values DIM.

[0047] In another exemplary embodiment of the configu-
ration of the backlight controller 23, the light source driving
unit 22 may receive digital data type duty ratio information to
generate a PWM signal. More specifically, the diming con-
troller 34 selects a duty ratio of the PWM signal based on the
digital data typebacklight dimming value DIM received from
the diming calculation unit 33 and supplies the digital data
type duty ratio information to the light source driving unit 22.
The diming controller 34 distinguishes the off-start time data
received from the scanning time determination unit 35 from
the duty ratio data of the PWM signal to supply the duty ratio
data of the PWM signal to the light source driving unit 22. The
diming controller 34 advances or retards the phase of the
PWM signal depending on the off-start time data received
from the scanning time determination unit 35. A micro con-
trolunit (MCU) of the light source driving unit 22 decodes the
duty ratio information of the PWM signal and the off-start
time data to generate the PWM signal for driving the light
sources 21. The duty ratio of the PWM signal is determined
based on the duty ratio data of the PWM signal. The falling
edge time of the PWM signal is determined based on the
off-start time data.

[0048] FIG. 5illustrates examples of off-start time of light
sources depending on changes in an off-duty ratio of a back-
light unit. As shown in FIG. 5, the backlight controller 23
calculates the backlight dimming value DIM based on the
input image data and calculates the duty ratio of the PWM
signal based on the calculated backlight dimming value DIM.

[0049] More specifically, the backlight controller 23 can be
configured such that the off-start time obtained when an off-
duty ratio of the PWM signal is 80% (i.e., when the on-duty
ratio of the PWM signal is 20%) is earlier than the off-start
time obtained when an off-duty ratio of the PWM signal is
50% (i.e., when the percentage occupying a low-logic level
period in one cycle of the PWM signal is 50%) by about 800
s,

[0050] FIG. 5 illustrates examples of the off-start time of
the backlight unit 23. Other variations may be used for the
backlight unit 23. The off-start time when the light sources 21
begin to be turned off is determined based on off-start time of
the PWM signal, and the off-start time of the PWM signal is
adjusted based on the off-start time data of the PWM signal.
Each off-start time of the PWM signal and each off-start time
of the light sources 21 may be set to be a different value in
each of the backlight dimming values DIM, so that the motion
picture response time is optimized in all of the backlight
dimming values DIM.
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[0051] FIGS. 6 to 8 illustrate experimental results of an
embodiment of the invention. FIG. 6(a) illustrates a response
characteristic of the liquid crystals and changes in the back-
light brightness when a duty ratio of the backlight unit, i.e., a
duty ratio of the PWM signal determining turn-on/off opera-
tions of the light sources 21, is 50%. FIG. 6(b) illustrates a
response characteristic of the liquid crystals and changes in
the backlight brightness when the duty ratio of the PWM
signalis 20% (i.e., when the off-duty ratio of the PWM signal
is 80%). F1G. 6(c) illustrates a response characteristic of the
liquid crystals and changes in the backlight brightness when
the off-start time of the PWM signal at a duty ratio of the
PWM signal of 20% (i.e., at an off-duty ratio of the PWM
signal 0f80%) is advanced by about 800 us. FIGS. 7(a) to 7(¢)
illustrate results obtained by multiplying the response char-
acteristic curves of the liquid crystals with backlight bright-
ness characteristic curves in FIGS. 6(a) to 6(c), respectively.
FIGS. 8(a) to 8(c) illustrate motion picture response time
characteristics obtained by integrating the results obtained in
FIGS. 7(a) to 7(c), respectively, with respect to time.

[0052] When the duty ratio of the PWM signal is as low as
20%, as shown in FIG. 6(b), synchronization between the
response characteristic of the liquid crystals and the PWM
signal is not optimized. Therefore, a considerable amount of
light leaks in an unwanted portion as indicated by a circle in
FIG. 7(b). As a result, as shown in FIG. 8(b), the blurred edge
time (BET) increases, and thus the motion picture response
time increases. The motion picture response time is deter-
mined by time (i.e., BET) required to reach a luminance of
light transmitted by the liquid crystal display panel 10 from
10% to 90% of a target luminance.

[0053] On the other hand, even when the duty ratio of the
PWM signal is as low as 20% as shown in FIG. 6(c), synchro-
nization between the response characteristic of the liquid
crystals and the PWM signal can be optimized by advancing
the off-start time of the PWM signal. Therefore, light leakage
does not occur in an unwanted portion as indicated by a circle
in FIG. 7(c). As a result, as shown in FIG. 8(c), the blurred
edge time decreases, and thus the motion picture response
time decreases.

[0054] The exemplary embodiment of the invention con-
trols based on the experimental results of FIGS. 6 to 8.
Accordingly the turn-off start time point of the light sources
of the backlight unit when the backlight dimming value is
high (for example, when the duty ratio of the PWM signal is
50% as shown in FIGS. 5 and 6) is different from the turn-off
start time point of the light sources of the backlight unit when
the backlight dimming value is low (for example, when the
duty ratio of the PWM signal is 20% as shown in FIGS. 5 and
6).

[0055] Thebacklight controller 23 may be implemented as
alocal diming backlight controller. FIG. 9 is a block diagram
showing the backlight controller 23, in detail, for local dim-
ming. As showninFIG. 9, the backlight controller 23 includes
a representative value calculation unit 91, a local dimming
value selection unit 92, a block selection unit 93, a light
amount analysis unit 94, a gain calculation unit 95, a data
compensation unit 96, a scanning time determination unit 98,
and a light source controller 97.

[0056] Asshownin FIG. 10, the display screen of the liquid
crystal display panel 10 and the light emitting surface of the
backlight unit can be divided into a plurality of blocks, for
example, B11 to B45 in row and column directions so as to
perform their local dimming. The representative value calcu-
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lation unit 91 divides the data RGB of the input image in each
of the blocks B11 to B45 to select a representative value for
each of the blocks B11 to B45.

[0057] Thelocal dimming value selection unit 92 maps the
representative value of each of the blocks B11 to B45 to a
previously set dimming curve to select a dimming value
BLdim for each of the blocks B11 to B45. Further, the local
dimming value selection unit 92 calculates an average dim-
ming value ALBL1 of the dimming values BLdim of the
blocks B11 to B15 positioned parallel to one another on the
same row. The local dimming value selection unit 92 calcu-
lates average dimming values ALBL2 to ALBL4 in the same
manner as the average dimming value ALBL1. The local
dimming value selection unit 92 outputs the dimming values
BLdim of the blocks B11 to B45 to the block selection unit 93
and outputs the dimming values BLdim of the blocks B11 to
B45 and the average dimming values ALBL1to ALBL4 to the
scanning time determination unit 98.

[0058] The block selection unit 93 selects an analysis area
of 5x35 size (or 7x7 size) using the dimming values BLdim of
the blocks B11 to B45 received from the local dimming value
selection unit 92. The light amount analysis unit 94 calculates
atotal amount of light in each of pixels using dimming values
of the selected analysis area.

[0059] The gain calculation unit 95 calculates a gain value
in each of the pixels. The gain value is calculated by a ratio of
an amount of light of a pixel in non-local dimming (i.e., when
all of the light sources of the backlight unit are turned on in a
full-white pattern or at a maximum brightness) to an amount
of light of a pixel calculated through light profile in local
dimming. In other words, the gain value G may be calculated
to be G=Knormal/Klocal. In the above equation, Knormal is
a constant indicating an amount of light in the non-local
dimming (i.e., when the light emitting surface of the backlight
unit 1s turned on in the full-white pattern), and Klocal is a
variable indicating the amount of light of a predetermined
pixel depending on the dimming values BLdim of the blocks
B11 to B45 when local dimming is performed. The data
compensation unit 96 compensates the pixel data by multi-
plying the gain value with the original pixel data thereby
modulating data.

[0060] The scanning time determination unit 98 transfers
the dimming values BLdim of the blocks B11 to B45 to the
light source controller 97 and selects the off-start time data
indicating off-start time of the PWM signal, in which the
MPRT is optimized based on the average dimming values
ALBL1to ALBL4, to supply the off-start time data to the light
source controller 97. The off-start time data is set to be a
different value in each ofthe average dimming values ALBL1
to ALBL4, so that the MPRT can be optimized in all of the
average dimming values ALBL1 to ALBL4. Thus, the scan-
ning time determination unit 98 varies the off-start time data
of the PWM signal every time the average dimming values
ALBL1 to ALBL4 changes.

[0061] Alternatively, the scanning time determination unit
98 may include a memory (not shown) and a comparator (not
shown) that is configured to detect the change in the backlight
dimming value of consecutive input images. In this case, the
scanning time determination unit 98 varies the off-start time
of the backlight control signal based on the detected change in
the backlight dimming value.

[0062] The light source controller 97 generates the PWM
signal or the digital data type duty ratio based on the dimming
values BLdim of the blocks B11 to B45 received from the
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local dimming value selection unit 92. The light source driv-
ing unit 22 supplies the PWM signal generated by the light
source controller 97 to the light source driving unit 22 of each
of the blocks B11 to B45 through a serial peripheral interface
(SPI). In another exemplary embodiment of the light source
controller 97, the light source controller 97 decodes the digi-
tal data type duty ratio and the off-start time data to generate
the PWM signal and supplies the generated PWM signal to
the light source driving unit 22 of each of the blocks B11 to
B45 through the SP1. The light source controller 97 varies the
off-start time of the PWM signal based on the off-start time
data received from the scanning time determination unit 35.

[0063] As described above, the exemplary embodiment of
the invention sets the off-start time of the PWM signal, in
which the motion picture response time is optimized in each
backlight dimming value, and thus can prevent an increase in
the motion picture response time even if the backlight dim-
ming value changes.

[0064] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display and method of driving the same of the present
invention without departing from the spirit or scope of the
invention. Thus, itis intended that the present invention 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 liquid crystal display comprising:

a liquid crystal display panel;

a backlight unit including a plurality of light sources, the
backlight unit configured to provide light to the liquid
crystal display panel,

a light source driving unit configured to drive the light
sources of the backlight unit using a backlight control
signal; and

a backlight controller configured to select a backlight dim-
ming value depending on an input image and vary an
off-start time of the backlight control signal based on the
backlight dimming value.

2. The liquid crystal display of claim 1, wherein the back-
light controller advances the off-start time of the backlight
control signal as the backlight dimming value decreases.

3. The liquid crystal display of claim 1, wherein the back-
light controller includes an input image analysis unit config-
ured to calculate a frame representative value using a mean
value, a mode value, or a maximum value of a frame.

4. The liquid crystal display of claim 3, wherein the back-
light controller includes a data modulation unit configured to
modulate the input image based on the frame representative
value.

5. The liquid crystal display of claim 3, wherein the back-
light controller includes a diming calculation unit configured
to produce the backlight dimming value based on the frame
representative value.

6. The liquid crystal display of claim 5, wherein the back-
light controller includes a scan time determination unit con-
figured to produce an off-start time data based on the back-
light dimming value.

7. The liquid crystal display of claim 6, wherein the back-
light controller includes a diming controller configured to
produce a duty ratio of the backlight control signal based on
the backlight dimming value.
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8. The liquid crystal display of claim 7, wherein the duty
ratio of the backlight control signal increases as the backlight
dimming value increases.

9. The liquid crystal display of claim 7, wherein the diming
controller advances or retards a phase of the backlight control
signal based on the off-start time data.

10. The liquid crystal display of claim 9, wherein the dim-
ing controller retards the phase of the backlight control signal
when the off-start time data value increases.

11. The liquid crystal display of claim 6, wherein the scan
time determination unit is configured to decrease the off-start
time data as the backlight dimming value decreases.

12. The liquid crystal display of claim 1, wherein the back-
light controller is configured to advance the off-start time
when an off-duty ratio of the backlight control signal
increases.

13. The liquid crystal display of claim 1, wherein the back-
light controller is configured to increase the backlight dim-
ming value when the duty ratio of the backlight control signal
increases.

14. The liquid crystal display of claim 1, wherein the back-
light controller is configured to control the light sources based
on a local backlight dimming value.

15. The liquid crystal display of claim 1, wherein the back-
light control signal is at least one of'a pulse width modulation
(PWM) signal, pulse amplitude modulation (PAM) signal,
and pulse frequency modulation (PFM) signal.

16. A liquid crystal display comprising:

a liquid crystal display panel;

a backlight unit including a plurality of light sources, the
backlight unit configured to provide light to the liquid
crystal display panel,

a light source driving unit configured to drive the light
sources of the backlight unit using a backlight control
signal; and

a backlight controller configured to detect a change in a
backlight dimming value of consecutive input images
and vary an off-start time of the backlight control signal
based on the detected change in the backlight dimming
value.

17. A backlight controller, comprising:

an input image analysis unit configured to select a frame
representative value of an input image corresponding to
one frame period;

adimming calculation unit configured to select a backlight
dimming value based on the frame representative value;

a scanning time determination unit configured to generate
an off-start time data based on the backlight dimming
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value and vary the off-start time data depending on
changes in the backlight dimming value; and

a dimming controller configured to select a duty ratio ofa

backlight control signal based on the backlight dimming
value and control a falling edge time of the backlight
control signal.

18. A method of driving a liquid crystal display, compris-
ing:

providing light to the liquid crystal display panel;

driving light sources of a backlight unit using a backlight

control signal;

selecting a backlight dimming value depending on an input

image; and

varying an off-start time of the backlight control signal

based on the backlight dimming value using a backlight
controller.

19. The method of claim 18, wherein the backlight control
signal is at least one of a pulse width modulation (PWM)
signal, pulse amplitude modulation (PAM) signal, and pulse
frequency modulation (PFM) signal.

20. The method of claim 18, wherein the backlight control-
ler controls the light sources based on a local backlight dim-
ming value.

21. The method of claim 18, wherein a duty ratio of the
backlight control signal increases as the backlight dimming
value increases.

22.The method of claim 18, wherein the backlight control-
ler retards a phase of the backlight control signal when the
off-start time data value increases.

23. The method of claim 18, wherein the backlight control-
ler decreases the off-start time data as the backlight dimming
value decreases.

24. The method of claim 18, wherein the backlight control-
ler advances the off-start time when an off-duty ratio of the
backlight control signal increases.

25. A method of driving a liquid crystal display, compris-
ing:

providing light to the liquid crystal display panel;

driving light sources of a backlight unit using a backlight

control signal;

selecting a backlight dimming value depending on an input

image; and

varying an off-start time of the backlight control signal

based on a change in the backlight dimming value of
consecutive input images using a backlight controller.
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