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LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korea Patent
Application No. 10-2008-128100 filed on Dec. 16, 2008, the
entire contents of which is incorporated herein by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the present invention relate to a
liquid crystal display and corresponding method for provid-
ing low power consumption in a self screen mode.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays display an image by control-
ling a light transmittance of a liquid crystal layer through an
electric field in response to a video signal. The liquid crystal
display is also a flat panel display device having advantages
such as a thin profile, a small size, and low power consump-
tion. Thus, liquid crystal displays are used in personal com-
puters such as notebook PCs, office automation equipment,
audio/video equipment, and the like.

[0006] In addition, an active matrix type liquid crystal dis-
play includes a switching element formed in each liquid crys-
tal cell. Therefore, the active matrix type liquid crystal dis-
play is advantageous for displaying a moving picture,
because the switching elements can be actively controlled.
Further, a thin film transistor (TFT) is used in the switching
element of the active matrix type liquid crystal display.
[0007] In more detail, and with reference to FIG. 1, an
active matrix type liquid crystal display converts digital video
data into an analog data voltage based on a gamma reference
voltage to supply the analog data voltage to a data line DL,
and at the same time, to supply a scan pulse to a gate line GL.
Hence, a liquid crystal cell Clc is charged to a data voltage.
For the above-described operation, a gate electrode of a TFT
is connected to the gate line GL, a source electrode of the TFT
is connected to the data line DL, and a drain electrode of the
TFT is connected to a pixel electrode of the liquid crystal cell
Clc and an electrode at one side of a storage capacitor Cst.
Further, a common voltage Vcom is supplied to a common
electrode of the liquid crystal cell Clc.

[0008] Whenthe TFT isturned on, the storage capacitor Cst
is charged to the data voltage received from the data line DL
to keep a voltage of the liquid crystal cell Clc constant. The
TFT is turned on when the scan pulse is supplied to the gate
line GL, the TFT is turned on. Thus, a channel is formed
between the source electrode and the drain electrode of the
TFT, and a voltage on the data line DL is supplied to the pixel
electrode of the liquid crystal cell Clc. In addition, when an
arrangement state of liquid crystal molecules of the liquid
crystal cell Clc changes by an electric field between the pixel
electrode and the common electrode, incident light is modu-
lated.

[0009] However, the related art liquid crystal display has
the following problems. First, when the liquid crystal display
is used as a television, for example, and is mounted on a wall,
the display has a dark or black appearance when it is not used.
Further, many liquid crystal displays are large in size, and
thus the liquid crystal display has an unattractive appearance
when it is not being used, especially when the display is used
in a home, office, work environment, etc. In addition, the
amount of power consumption used by display has greatly
increased especially with large sized and high definition (HD)
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liquid crystal displays. The high power consumption disad-
vantageously affects liquid crystal displays.

SUMMARY OF THE INVENTION

[0010] Accordingly, one object of the present invention is
to address the above-noted and other drawbacks of the related
art.

[0011] Another object of the present invention is to provide
aliquid crystal display and corresponding method for provid-
ing low power consumption into a self screen mode and that
has an enhanced appearance.

[0012] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, the present invention provides
in one aspect a liquid crystal display including a liquid crystal
display panel having at least first and second display portions,
a first light emitting diode (LED) light source unit configured
to selectively irradiate light onto the first display portion, a
second LED light source unit configured to selectively irra-
diate light onto the second display portion, a light source drive
circuit configured to individually drive the first and second
LED light source units in response to an address signal, and a
light source controller configured to generate and transmit,
during a self screen mode in which a live image is not dis-
played, the address signal to the light source drive circuit to
turn on the first LED light source unit and to turn off the
second LED light source unit during a first time period, to turn
on the first and second LED light source units during a second
time period after the first time period, and to generate and
transmit a dimming signal to the light source drive circuit to
control a brightness of the first LED light source unit in the
second time period to be lower than a brightness of the first
LED light source unit in the first time period.

[0013] In another aspect, the present invention provides a
method of controlling a liquid crystal display including a
liquid crystal display panel having at least first and second
display portions. The method includes selectively irradiating,
via a first light emitting diode (LED) light source unit, light
onto the first display portion; selectively irradiating, via a
second LED light source unit, light onto the second display
portion; individually driving, via a light source drive circuit,
the first and second LED light source units in response to an
address signal; and during a self screen mode in which a live
image is not displayed, turning on the first LED light source
unit and turning off the second LED light source unit during
a first time period, turning on the first and second LED light
source units during a second time period after the first time
period, and controlling a brightness of the first LED light
source unit in the second time period to be lower than a
brightness of the first LED light source unit in the first time
period.

[0014] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by illus-
tration only, since various changes and modifications within
the spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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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:

[0016] FIG. 1is an equivalent circuit diagram of a pixel of
a related art liquid crystal display;

[0017] FIG. 2 is a block diagram of a liquid crystal display
according to an embodiment of the invention;

[0018] FIG. 3 illustrates an inner configuration of a light
source controller according to an embodiment of the present
invention;

[0019] FIGS. 4A and 4B illustrate an example of light-on/
off patterns according to an embodiment of the present inven-
tion;

[0020] FIG. 5 illustrates a method of controlling dimming
data in each of blacks constituting light-on/off patterns
according to an embodiment of the present invention;

[0021] FIG. 6 illustrates another example of light-on/off
patterns and a method of controlling dimming data in each of
blacks constituting the light-on/off patterns according to an
embodiment of the present invention;

[0022] FIG. 7 illustrates an example of light-on/off pattern
groups according to an embodiment of the present invention;
and

[0023] FIG. 8illustrates an operation of a light source drive
circuit in a self screen drive mode according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0024] Reference will now be made in detail embodiments
of the invention examples of which are illustrated in the
accompanying drawings.

[0025] FIG.2isablock diagram showing a configuration of
a liquid crystal display according to an embodiment of the
invention. As shown in FIG. 2, the liquid crystal display
includes a liquid crystal module 10 displaying an image and
a system module 20 supplying a driving signal to the liquid
crystal module 10. Further, the liquid crystal module 10
includes a liquid crystal display panel 11, a data drive circuit
12, a gate drive circuit 13, a timing controller 14, a light
source controller 15, afirst multiplexer 16, a light source drive
circuit 17, and a backlight unit 18. The liquid crystal display
according to an embodiment of the invention operates in a
normal drive mode, in which video signals received from an
external image medium are displayed, and in a standby mode,
in which the liquid crystal display is in a standby state without
displaying an image. In more detail, the normal drive mode
corresponds to a live screen mode in which a live image is
displayed (e.g., a movie, television station, etc.). In addition
to the normal drive mode and the standby mode, the liquid
crystal display according to the embodiment of the invention
operates in a self-screen mode, in which previously stored
video signals are displayed with a photograph frame appear-
ance. More specifically, in the self-screen mode in the
embodiment of the invention, when previously stored video
signals are displayed on the liquid crystal display, light-on/off
patterns of a plurality of light sources of a backlight unit are
dynamically controlled in synchronization with a display tim-
ing.

[0026] In addition, the liquid crystal display panel 11
includes an upper glass substrate, a lower glass substrate, and
a liquid crystal layer between the upper and lower glass
substrates. The liquid crystal display panel 11 also includes
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mxn liquid crystal cells Clc arranged in a matrix format at
each crossing of m data lines DL and n gate lines GL. The data
lines DL, the gate lines GL, thin film transistors (TFTs), and
astorage capacitor Cst are formed on the lower glass substrate
of the liquid crystal display panel 11. Further, the liquid
crystal cells Clc are connected to the TFT's and are driven by
an electric field between pixel electrodes 1 and common
electrodes 2.

[0027] In addition, a black matrix, a color filter, and the
common electrodes 2 are formed on the upper glass substrate
of'the liquid crystal display panel 11. The common electrode
2 is formed on the upper glass substrate in a vertical electric
drive manner, such as a twisted nematic (TN) mode and a
vertical alignment (VA) mode. Also, the common electrode 2
and the pixel electrode 1 are formed on the lower glass sub-
strate in a horizontal electric drive manner, such as an in-plane
switching (IPS) mode and a fringe field switching (FFS)
mode. Polarizing plates are also attached respectively to the
upper and lower glass substrates, and alignment layers for
setting a pre-tilt angle of the liquid crystal are respectively
formed on the upper and lower glass substrates.

[0028] Further, the data drive circuit 12 converts a video
signal (hereinafter, referred to as a first digital video data
R1G1B1) for a normal drive or a video signal (hereinafter,
referred to as a second digital video data R2G2B2) for a self
screen drive into an analog gamma compensation voltage
based on gamma reference voltages GMA received from a
gamma reference voltage generation circuit (not shown) in
response to a data control signal DDC received from the
timing controller 14 to supply the analog gamma compensa-
tion voltage as a data voltage to the data lines DL of the liquid
crystal display panel 11.

[0029] For the above-described operation, the data drive
circuit 12 includes a plurality of data drive integrated circuits
(ICs) each including a shift resistor, a resistor, a latch, a
digital-to-analog converter (DAC), a multiplexer, an output
buffer, and so on. The shift resistor samples a clock signal,
and the resistor temporarily stores the first digital video data
R1G1B1 or the second digital video data R2G2B2. The latch
stores the digital video data R1G1B1/R2G2B2 every one line
in response to the clock signal sampled by the shift resistor
and simultaneously outputs the stored digital video data
R1G1B1/R2G2B2 of each line. Further, the DAC selects a
positive or negative gamma voltage based on a gamma refer-
ence voltage in response to a digital data value from the latch,
and the multiplexer selects the data lines DL receiving analog
data converted from the positive/negative gamma voltage.
The output buffer is also connected between the multiplexer
and the data lines DL.

[0030] In addition, the gate drive circuit 13 sequentially
supplies scan pulses for selecting horizontal lines of the liquid
crystal display panel 11, to which the data voltage will be
supplied, to the gate lines GL. For the above operation, the
gate drive circuit 13 includes a plurality of gate drive ICs each
including a shift resistor, a level shifter for shifting an output
signal of the shift resistor to a swing width suitable fora TFT
drive of the liquid crystal cell Clc, and an output buffer con-
nected between the level shifter and the gate lines GL.
[0031] Further, the timing controller 14 receives timing
signals, such as horizontal and vertical sync signals Hsync
and Vsync, a data enable signal DE, a dot clock signal DCLK
from the system module 20 to generate a data timing control
signal DDC for controlling an operation timing of the data
drive circuit 12 and a gate timing control signal GDC for
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controlling an operation timing of the gate drive circuit 13.
The data timing control signal DDC includes a source sam-
pling clock signal SSC indicating a latch operation of digital
data inside the data drive circuit 12 based on a rising or falling
edge, a source output enable signal SOE indicating an output
of the data drive circuit 12, a polarity control signal POL
indicating a polarity of the data voltage to be supplied to the
liquid crystal cells Clc of the liquid crystal display panel 11,
and the like.

[0032] In addition, the gate timing control signal GDC
includes a gate start pulse GSP, a gate shift clock signal GSC,
a gate output enable signal GOE, and the like. The gate start
pulse GSP indicates a start horizontal line of a scan operation
during 1 vertical period in which one screen is displayed, and
the gate shift clock signal GSC is a timing control signal that
is input to the shift resistor of the gate drive circuit 13 to
sequentially shift the gate start pulse GSP, and has a pulse
width corresponding to on-period of a thin film transistor
(TFT). Further, the gate output enable signal GOE indicates
an output of the gate drive circuit 13.

[0033] Also, the timing controller 14 rearranges the first
digital video data R1G1B1 or the second digital video data
R2G2B2 received from the system module 20 in conformity
with a resolution of the liquid crystal display panel 11 to
supply the rearranged first digital video data R1G1B1 or the
rearranged second digital video data R2G2B2 to the data
drive circuit 12. In addition, the backlight unit 18 includes a
plurality of light emitting diode (LED) light sources and
irradiates light from the LED light sources driven by the light
source drive circuit 17 onto the liquid crystal display panel 11.
The backlight unit 18 may also be implemented as an edge-
light type backlight unit in which the LED light sources are
positioned opposite the side of a light guide plate, or a direct-
light type backlight unit in which the LED light sources are
positioned under a diffusion plate.

[0034] Further, the edge-light type backlight unit 18 con-
verts light generated by the LED light sources in the form of
a uniform surface light source using the light guide plate and
a plurality of optical sheets stacked on the light guide plate to
irradiate the light onto the liquid crystal display panel 11.
Also, the direct-light type backlight unit 18 converts light
generated by the LED light sources in the form of a uniform
surface light source using the diffusion plate and a plurality of
optical sheets stacked on the diffusion plate to irradiate the
light onto the liquid crystal display panel 11.

[0035] In addition, the light source controller 15 generates
a first dimming signal DIM1 and an address signal ADDR to
dividedly drive the LED light sources in time and space
aspects according to a previously determined light-on/off
pattern group in a self screen drive mode. The light-on/off
pattern group includes a plurality of light-on/off patterns that
sequentially operate according to a previously determined
time. The address signal ADDR indicates a location of LED
light sources turned on according to each of the light-on/off
patterns, and the first dimming signal DIM1 indicates a
brightness of the turned-on LED light sources at the location
indicated by the address signal ADDR.

[0036] Further, the number of turned-on LED light sources
and/or the location of the turned-on LED light sources may
vary according to a configuration of each of the light-on/off
patterns. Also, the first dimming signal DIM1 has a dimming
data value inversely proportional to the number of LED light
sources turned on according to each of the previously deter-
mined light-on/off patterns, so that an average power con-
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sumed by the turned-on LED light sources in the self screen
drive is within the range less than 10% of a power consumed
by all the LED light sources of the backlight unit 18 in a global
dimming drive.

[0037] That is, the dimming data value of the first dimming
signal DIM1 is reduced as the number of turned-on LED light
sources increases. For example, if a predetermined light-on/
off pattern group includes a first light-on/off pattern and a
second light-on/off pattern in which the number of turned-on
LED light sources is more than the number of turned-on LED
light sources in the first light-on/off pattern, the light source
controller 15 turns on a first LED light source unit according
to the first light-on/off pattern during a first period and turns
on first and second LED light source units according to the
second light-on/off pattern during a second period following
the first period.

[0038] The light source controller 15 also allows a bright-
ness of the first LED light source unit in the second period to
be lower than a brightness of the first LED light source unit in
the first period by controlling a dimming data value of the first
dimming signal DIM1 so as to satisfy a desired power con-
sumption. For this, a dimming data value for controlling the
brightness of the first LED light source unit stepwise
increases to a first critical value during a first half period of the
first period, stepwise decreases to a second critical value
smaller than the first critical value during a second half period
of'the first period, is kept at the second critical value during a
first half period of the second period, and stepwise decreases
to aminimum value during a second half period of the second
period. On the other hand, a dimming data value for control-
ling a brightness of the second LED light source unit stepwise
increases to the second critical value during the first half
period of the second period and stepwise decreases to the
minimum value during the second half period of the second
period.

[0039] In addition, the first multiplexer 16 differently
selects adimming signal in response to amode signal “Mode”
received from the outside to supply the selected dimming
signal to the light source drive circuit 17. More specifically,
the first multiplexer 16 supplies the first dimming signal
DIM1 and the address signal ADDR generated by the light
source controller 15 to the light source drive circuit 17 in
response to the mode signal “Mode” indicating the self screen
drive mode. The first multiplexer 16 also supplies a second
dimming signal DIM2 generated by the system module 20 to
the light source drive circuit 17 in response to the mode signal
“Mode” indicating the normal drive mode.

[0040] Further, the light source drive circuit 17 regulates a
pulse width modulation (PWM) duty ofthe LED light sources
in response to the first dimming signal DIM1 and the address
signal ADDR in the self screen drive mode to adjust a lumi-
nance of light incident on the liquid crystal display panel 11.
Also, the light source drive circuit 17 regulates a PWM duty
of'the LED light sources in response to the second dimming
signal DIM2 in the normal drive mode to adjust a luminance
of light incident on the liquid crystal display panel 11.
Examples of an operation of the light source drive circuit 17
in the normal drive are disclosed in detail in Korea Patent
Application Nos. 10-2008-0007282 (Jan. 23, 2008),
10-2008-0064969 (Jul. 4, 2008), 10-2008-0066511 (Jul. 9,
2008), and 10-2008-0066513 (Jul. 9, 2008) corresponding to
the present applicant, and which are hereby incorporated by
reference in their entirety.
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[0041] In addition, as shown in FIG. 2, the system module
20 includes a microprocessor 21, a scaler unit 22, an image
storing unit 23, and a power unit 24. The microprocessor 21
decides the mode signal “Mode” input through a user inter-
face such as a remote controller and a selection button and
generates a control signal for controlling an operation of the
scaler unit 22 according to the decided result. More specifi-
cally, the microprocessor 21 generates a first control signal
corresponding to an input of the mode signal “Mode” indi-
cating the normal drive mode, a second control signal corre-
sponding to an input of the mode signal “Mode” indicating
the self screen drive mode, and a third control signal corre-
sponding to a non-input of the mode signal “Mode”.

[0042] In addition, the image storing unit 23 includes data
update and erasable nonvolatile memory, for example, elec-
trically erasable programmable read-only memory (EE-
PROM) and/or extended display identification data ROM
(EDID ROM). The image storing unit 23 stores the second
digital video data R2G2B2 used to update a display image in
the self screen drive. Further, the second digital video data
R2G2B2 can be updated by an electrical signal that is
received from the outside through the user interface.

[0043] Also, the scaler unit 22 operates in response to the
first control signal from the microprocessor 21 to convert
video data of various attributes that are received from a stor-
age medium such as a DVD, CD and HDD, a TV receiving
circuit, and the like in conformity with a display resolution
and to perform a signal interpolation on the converted video
data. Thus, the scaler unit 22 generates the first digital video
data R1G1B1 and produces the second dimming signal DIM2
to supply the first digital video data R1G1B1 and the second
dimming signal DIM2 to the liquid crystal module 10.

[0044] As aresult, the liquid crystal module 10 displays an
image in the normal drive mode. On the other hand, the scaler
unit 22 extracts the second digital video data R2G2B2 stored
in the image storing unit 23 in response to the second control
signal from the microprocessor 21 to supply the second digi-
tal video data R2G2B2 to the liquid crystal module 10. As a
result, the liquid crystal module 10 displays an image in the
self screen mode. Further, in the normal drive mode and the
self screen drive mode, the scaler unit 22 produces the timing
signals Vsync, Hsync, DE, and DCLK synchronized with the
digital video data R1G1B1 and R2G2B2 to supply the timing
signals to the liquid crystal module 10.

[0045] In addition, if the scaler unit 22 receives the third
control signal from the microprocessor 21, the scaler unit 22
stops operating. Hence, the liquid crystal module 10 operates
in a standby mode. Further, the power unit 24 generates a DC
voltage Vin required to operate the light source drive circuit
17.

[0046] Next, FIG. 3 is an overview illustrating an inner
configuration of the light source controller 15. As shown in
FIG. 3, the light source controller 15 includes a pattern infor-
mation storing unit 151, a second multiplexer 152, and a
selection controller 153. The pattern information storing unit
151 provides a plurality of previously determined light-on/off
pattern groups PT1 to PTn. In addition, each of the light-on/
off pattern groups PT1 to PTn includes a plurality of light-
on/off patterns that sequentially operate according to a pre-
viously determined time. Each of the light-on/off patterns is
also mapped to an address signal ADDR indicating a location
of the turned-on LED light sources in a corresponding light-
on/off pattern, and a dimming signal DIM indicating a bright-
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ness of the turned-on LED light sources at the location indi-
cated by the address signal ADDR.

[0047] Next, FIGS. 4A and 4B illustrate an example of
light-on/off patterns. In FIGS. 4A and 4B, the plurality of
light-on/off pattern groups PT1 to PTn includes a first light-
on/off pattern S1 represented when LED light sources posi-
tioned in a first block B1 are turned on, a second light-on/off
pattern S2 represented when LED light sources positioned in
first and second blocks B1 and B2 are turned on, a third
light-on/off pattern S3 represented when LED light sources
positioned in first to third blocks B1 to B3 are turned on, a
fourth light-on/off pattern S4 represented when LED light
sources positioned in all of blocks B1 to B4 are turned on, and
a fifth light-on/off pattern S5 represented when the LED light
sources positioned in all the blocks B1 to B4 are turned off.

[0048] In addition, each of the first to fourth light-on/off
patterns S1 to S4 is mapped to a critical dimming data value
inversely proportional to the size of the light-on block so that
the first to fourth light-on/off patterns S1 to S4 have an sub-
stantially equal average power consumption within the range
less than 10% of a power consumed by the LED light sources
in all the blocks B1 to B4 in a global dimming drive. More
specifically, as the size of the light-on block increases accord-
ing to a pattern change from the first light-on/off pattern S1 to
the fourth light-on/off pattern S4, the critical dimming data
value stepwise decreases to ‘95°, ‘47°, “32°, and ‘23’.

[0049] Further, the critical dimming data value ‘95’ is a
dimming data value corresponding to a brightness of 95-gray
level when it is assumed that 255-gray level is a peak white
gray level, and has a brightness ratio of *95/255°, and the
critical dimming data value ‘47’ is a dimming data value
corresponding to a brightness of 47-gray level when it is
assumed that 255-gray level is a peak white gray level and has
a brightness ratio of ‘47/255°. In addition, the critical dim-
ming data value ‘32’ is a dimming data value corresponding to
abrightness of 32-gray level when it is assumed that 255-gray
level is a peak white gray level and has a brightness ratio of
32/255’, and the critical dimming data value ‘23’ is a dim-
ming data value corresponding to a brightness of 23-gray
level when it is assumed that 255-gray level is a peak white
gray level, and has a brightness ratio of ‘23/255°.

[0050] In addition, the dimming data value of each of the
light-on/off patterns stepwise changes by a dimming data
value having a minimum magnitude and converges to a criti-
cal value of each light-on/off pattern so that a flicker is not
generated between the light-on/off patterns. In more detail,
FIG. 5 illustrates a method of controlling dimming data in
each block constituting light-on/oft patterns. As shown in
FIG. 5, a dimming data value of the first block B1 stepwise
increases to a first critical value ‘95’ during a first half period
of a first period T1 in which the first light-on/off pattern S1
operates, and then stepwise decreases to a second critical
value ‘47’ during a second half period of the first period T1.

[0051] Further, the dimming data value of the first block B1
is kept at the second critical value ‘47’ during a first half
period of a second period T2 in which the second light-on/off
pattern S2 operates, and then stepwise decreases to a third
critical value ‘31 during a second half period of the second
period T2. Also, the dimming data value of the first block B1
is kept at the third critical value ‘31 during a first half period
ofa third period T3 in which the third light-on/off pattern S3
operates, and then stepwise decreases to a fourth critical value
23’ during a second half period of the third period T3.
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[0052] Inaddition, the dimming data value of the first block
B1 is kept at the fourth critical value ‘23’ during a first half
period of a fourth period T4 in which the fourth light-on/off
pattern S4 operates, and then stepwise decreases to a mini-
mum value ‘0’ during a second half period of the fourth period
T4. Further, the dimming data value of the first block B1 is
kept at the minimum value ‘0* during a fifth period T5 in
which the fifth light-on/off pattern S5 operates. The minimum
value ‘0’ indicates a dimming data value corresponding to a
brightness of a black gray level.

[0053] In addition, the dimming data value of the second
block B2 is kept at the minimum value ‘0’ during the first
period T1. The dimming data value of the second block B2
also stepwise increases to the second critical value ‘47’ during
the first half period of the second period T2, and then stepwise
decreases to the third critical value 31” during the second half
period of the second period T2. Further, the dimming data
value of the second block B2 is kept at the third critical value
31’ during the first half period of the third period T3, and then
stepwise decreases to the fourth critical value ‘23’ during the
second half period of the third period T3.

[0054] Also, as shown in FIG. 5, the dimming data value of
the second block B2 is kept at the fourth critical value ‘23”
during the first half period of the fourth period T4, and then
stepwise decreases to the minimum value ‘0’ during the sec-
ond half period of the fourth period T4. The dimming data
value of the second block B2 is kept at the minimum value ‘0’
during the fifth period T5. In addition, a dimming data value
of'the third block B3 is kept at the minimum value ‘0’ during
the first and second periods T1 and T2. The dimming data
value of the third block B3 also stepwise increases to the third
critical value ‘31° during the first half period of the third
period T3, and then stepwise decreases to the fourth critical
value ‘23’ during the second half period of the third period T3.
The dimming data value of the third block B3 is kept at the
fourth critical value ‘23’ during the first half period of the
fourth period T4, and then stepwise decreases to the mini-
mum value ‘0’ during the second half period of the fourth
period T4. The dimming data value of the third block B3 is
then kept at the minimum value ‘0’ during the fifth period T5.
[0055] Further, a dimming data value of the fourth block B4
is kept at the minimum value ‘0’ during the first to third
periods T1 to T3. The dimming data value of the fourth block
B4 stepwise also increases to the fourth critical value ‘23’
during the first half period of the fourth period T4, and then
stepwise decreases to the minimum value ‘0’ during the sec-
ond half period of the fourth period T4. The dimming data
value of the fourth block B4 is also kept at the minimum value
‘0’ during the fifth period T5.

[0056] Next, FIG. 6 illustrates another example of light-on/
off patterns and method of controlling dimming data in each
block constituting light-on/off patterns according to an
embodiment of the present invention. As shown, the plurality
of light-on/off pattern groups PT1 to PTn includes a first
light-on/off pattern S1 represented when LED light sources
positioned in a first block B1 are turned on, a second light-
on/off pattern S2 represented when LED light sources posi-
tioned in first and second blocks B1 and B2 are turned on, a
third light-on/off pattern S3 represented when LED light
sources positioned in first to third blocks B1 to B3 are turned
on, a fourth light-on/off pattern S4 represented when LED
light sources positioned in all of blocks B1 to B4 are turned
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on, and a fifth light-on/off pattern S5 represented when the
LED light sources positioned in all the blocks B1 to B4 are
turned off.

[0057] In addition, each of the first to fourth light-on/off
patterns S1 to S4 is mapped to a critical dimming data value
inversely proportional to the size of the light-on block so that
the first to fourth light-on/off patterns S1 to S4 have an sub-
stantially equal average power consumption within the range
less than 10% of a power consumed by the LED light sources
in all the blocks B1 to B4 in a global dimming dive. As shown
in the display image in FIG. 6, as the size of the light-on block
increases, a luminance in a light-on portion decreases. How-
ever, an average luminance in each of the blocks B1 to B4 is
kept approximately constant around a desired luminance.
[0058] Next, FIG. 7 illustrates an example of light-on/off
pattern groups according to an embodiment of the present
invention. In more detail, FIG. 7 illustrates a plurality of
light-on/off pattern groups #1 to #5. In addition, the light-on/
off pattern groups #1 to #5 include a transverse extension
light-on/off pattern group #1, a diagonal extension light-on/
off pattern group #2, a waterdrop close light-on/off pattern
group #3, a waterdrop open light-on/off pattern group #4, and
a black random light-on/off pattern group #5. Also, each of
the light-on/off pattern groups #1 to #5 includes a plurality of
light-on/off patterns. Further, each of the light-on/off patterns
belonging to each of the light-on/off pattern groups #1 to #5
is mapped to an address signal ADDR, that indicates a loca-
tion of the turned-on LED light sources in a corresponding
light-on/off pattern, and a dimming signal DIM that indicates
abrightness of the turned-on LED light sources at the location
indicated by the address signal ADDR.

[0059] In addition, the selection controller 153 generates a
selection signal SEL for selecting one of the light-on/off
pattern groups #1 to #5 using user information “User” input
through the user interface such as the remote controller and
the selection button and a vertical sync signal Vsync. When
the selected light-on/off pattern group is previously set at a
default value depending on a display state of the second
digital video data R2G2B2, the selection signal SEL, may be
differently generated depending on the display state of the
second digital video data R2G2B2.

[0060] Further, the second multiplexer 152 selects one of
the light-on/off pattern groups #1 to #5 depending on the
selection signal SEL generated by the selection controller 153
or the selection signal SELL mapped to the default value
depending on the display state of the second digital video data
R2G2B2. Then, the second multiplexer 152 outputs location
information and brightness information of the light-on/off
patterns belonging to the selected light-on/off pattern group
in the form of as the address signal ADDR and the dimming
signal DIM.

[0061] Next, FIG. 8 illustrates an operation of the light
source drive circuit 17 in the self screen drive mode according
to an embodiment of the present invention. As shown in FIG.
8, the light source drive circuit 17 includes a driving voltage
generation unit 171 and a switch array 172. Further, LED
light sources connected to the light source drive circuit 17
include a plurality of LED rows L.S1 to LSk each having at
least two LED light sources connected in series. Also, the DC
voltage Vin from the system module 20 is supplied to a power
input terminal of the driving voltage generation unit 171, and
anode terminals of the LED rows L.S1 to LSk are connected to
the power input terminal of the driving voltage generation
unit 171.
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[0062] In addition, the driving voltage generation unit 171
generates an LED driving voltage in conformity with a dim-
ming data value included in the first dimming signal DIM1
based on the first dimming signal DIM1 received from the
light source controller 15, and then supplies the LED driving
voltage to the LED light sources through the power input
terminal of the driving voltage generation unit 171. As the
dimming data value of the first dimming signal DIM1
increases, the LED driving voltage increases. Also, as the
dimming data value of the first dimming signal DIM1
decreases, the LED driving voltage decreases. Further, the
switch array 172 includes a plurality of switches SW1 to SWk
connected between cathode terminals of the LED rows L.S1 to
LSk anda ground level voltage source GND. The switch array
172 is also switched on or off in response to the address signal
ADDR from the light source controller 15 to determine the
LED light sources to be turned on.

[0063] As described above, in the liquid crystal display
according to the embodiments of the invention, the interior
appearance of the display can be enhanced and by reducing
power consumption advantageously controlling the LED
light sources. Furthermore, in the liquid crystal display
according to the embodiments of the invention, the entire
brightness of the liquid crystal display panel can be kept
constant irrespective of the number of turned-on LED light
sources by controlling the dimming signal depending on the
number of turned-on LED light sources. Therefore, when a
small number of LED light sources are turned on, a display
image is not dark but bright. In other words, because the
dimming signal changes depending on the previously deter-
mined light-on/off patterns, a display image is not dark but
bright even if a small number of LED light sources are turned
on.

[0064] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure, or characteristic in connection with
other ones of the embodiments.

[0065] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal display panel having at least first and sec-
ond display portions;

a first light emitting diode (LED) light source unit config-
ured to selectively irradiate light onto the first display
portion;
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a second LED light source unit configured to selectively
irradiate light onto the second display portion;

a light source drive circuit configured to individually drive
the first and second LED light source units in response to
an address signal; and

a light source controller configured to generate and trans-
mit, during a self screen mode in which a live image is
not displayed, the address signal to the light source drive
circuit to turn on the first LED light source unit and to
turn off the second LED light source unit during a first
time period, to turn on the first and second LED light
source units during a second time period after the first
time period, and to generate and transmit a dimming
signal to the light source drive circuit to control a bright-
ness of the first LED light source unit in the second time
period to be lower than a brightness of the first LED light
source unit in the first time period.

2. The liquid crystal display of claim 1, wherein the light
source controller is further configured to generate the dim-
ming signal to stepwise increase to a first critical value during
a first half of the first time period, to stepwise decrease to a
second critical value smaller than the first critical value dur-
ing a second half of the first time period, to maintain the
second critical value during a first half of the second time
period, and to stepwise decrease to a minimum value during
a second half of the second time period.

3. The liquid crystal display of claim 2, wherein the light
source controller is further configured to generate the dim-
ming signal to stepwise increase to the second critical value
during the first half of the second time period and to stepwise
decrease to the minimum value during the second half of the
second time period.

4. The liquid crystal display of claim 1, further comprising:

a mode selection unit configured to receive a mode selec-
tion signal indicating a selection of the self screen mode
or a selection of a live screen mode,

wherein the light source controller is further configured to
generate the address signal and the dimming signal upon
receiving the mode selection signal indicating the selec-
tion of the self screen mode.

5. The liquid crystal display of claim 4, further comprising:

areceiver configured to receive first digital video data from
an external source; and

a display panel controller configured to display the live
image corresponding to the first digital video data on the
liquid crystal panel during the live screen mode.

6. The liquid crystal display of claim 5, further comprising:

amemory configured to store second digital video data that
is different than the first digital video data,

wherein the display panel controller is further configured
to display a self screen image corresponding to the sec-
ond digital video data on the liquid crystal display panel
during the self screen mode.

7. The liquid crystal display of claim 6, further comprising:

a data drive circuit configured to convert the first digital
video data for the live screen mode or the second digital
video data for the self screen mode into an analog volt-
age and to supply the voltage as a data voltage to data
lines of the liquid crystal display panel;

a gate drive circuit configured to sequentially supply scan
pulses to gate lines crossing with the data lines, said scan
pulses turning on TFTs arranged at crossings of the data
lines and the gate lines such that a corresponding liquid
crystal cell is charged to the data voltage; and
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a timing controller configured to control the data drive
circuit and the gate driver circuit.

8. The liquid crystal display of claim 1, wherein the light
source drive circuit is further configured to drive the first and
second LED light source units so an amount of power con-
sumed by the first LED light source unit turned on during the
first time period is substantially equal to an amount of power
consumed by the first and second LED light source units
turned on during the second time period.

9. The liquid crystal display of claim 8, wherein the liquid
crystal display panel further includes at least third and fourth
display portions,

wherein the liquid crystal display further comprises:

a third LED light source unit configured to irradiate light
onto the third display portion; and

a fourth LED light source unit configured to irradiate light
onto the fourth display portion,

wherein the light source drive circuit is further configured
to individually drive the third and fourth LED light
source units in response to the address signal and to
control a brightness of each of the first to fourth LED
light source units in response to the dimming signal, and

wherein the light source controller is further configured to
generate and transmit the address signal to the light
source drive circuit during the self screen mode to turn
on the first to third LED light source units during a third
time period, to tarn on the first to fourth LED light source
units during a fourth time period, and to generate the
dimming signal to control a brightness of the second
LED light source unit in the third time period to be lower
than a brightness of the second LED light source unit in
the second time period and to control a brightness of the
fourth LED light source unit in the third time period to be
lower than a brightness of the third LED light source unit
in the third time period.

10. The liquid crystal display of claim 9, wherein the light
source controller is further configured to control the first and
second LED light source units so that the brightness of the
second LED light source unit is substantially equal to the
brightness ofthe first LED light source unit in the second time
period, to control the third LED light source unit so that the
brightness of the third LED light source unit is substantially
equal to a brightness of the first and second LED light source
units in the third time period, to control the fourth LED light
source unit so that the brightness of the fourth LED light
source unit is substantially equal to a brightness of the first to
third LED light source units in the fourth time period, and to
simultaneously turn off the first to fourth LED light source
units using the dimming signal and the address signal in a fifth
time period.

11. The liquid crystal display of claim 10, further compris-
ing:

a display controller configured to supply data to be dis-
played on the first to third display surfaces during the
third time period to the liquid crystal display and to
supply data to be displayed on the first to fourth display
surfaces during the fourth time period to the liquid crys-
tal display panel during the self screen mode.

12. The liquid crystal display of claim 11, wherein the light

source controller comprises:

a memory configured to store a plurality of light-on/off
pattern groups, wherein the light source controller is
further configured to turn on/off the first to fourth LED
light source units in each of the first to fifth time periods
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according to each of the plurality of light-on/off pattern
groups stored in the memory; and

a selection unit configured to select one of the plurality of

light-on/off pattern groups.

13. A method of controlling a liquid crystal display includ-
ing a liquid crystal display panel having at least first and
second display portions, the method comprising:

selectively irradiating, via a first light emitting diode

(LED) light source unit, light onto the first display por-
tion;

selectively irradiating, via a second LED light source unit,

light onto the second display portion;

individually driving, via a light source drive circuit, the first

and second LED light source units in response to an
address signal; and

during a self screen mode in which a live image is not

displayed, turning on the first LED light source unit and
turning off the second LED light source unit during a
first time period, turning on the first and second LED
light source units during a second time period after the
first time period, and controlling a brightness of the first
LED light source unit in the second time period to be
lower than a brightness of the first LED light source unit
in the first time period.

14. The method of claim 13, wherein the brightness of the
first LED source unit is controlled via a dimming signal that
stepwise increases to a first critical value during a first half of
the first time period, stepwise decreases to a second critical
value smaller than the first critical value during a second half
of the first time period, maintains the second critical value
during a first half of the second time period, and stepwise
decreases to a minimum value during a second half of the
second time period.

15. The method of claim 14, wherein the dimming signal
stepwise increases to the second critical value during the first
half of the second time period and stepwise decreases to the
minimum value during the second half of the second time
period.

16. The method of claim 13, further comprising:

receiving a mode selection signal indicating a selection of

the self screen mode or a selection of a live screen mode;
receiving first digital video data from an external source;
and

displaying the live image corresponding to the first digital

video data on the liquid crystal panel during the live
screen mode.

17. The method of claim 16, further comprising:

storing second digital video data that is different than the

first digital video data; and

display a self screen image corresponding to the second

digital video data on the liquid crystal display panel
during the self screen mode.

18. The method of claim 13, further comprising:

driving the first and second LED light source units so an

amount of power consumed by the first LED light source
unit turned on during the first time period is substantially
equal to an amount of power consumed by the first and
second LED light source units turned on during the
second time period.

19. The method of claim 18, wherein the liquid crystal
display panel further includes at least third and fourth display
portions, and
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wherein the method further comprises:

irradiating, via a third LED light source unit, light onto the
third display portion;

irradiating, via a fourth LED light source unit, light onto
the fourth display portion;

individually driving the third and fourth LED light source
units in response to the address signal and to control a
brightness of each of the first to fourth LED light source
units in response to the dimming signal; and

during the self screen mode, turning on the first to third
LED light source units during a third time period, turn-
ing on the first to fourth LED light source units during a
fourth time period, controlling a brightness ofthe second
LED light source unit in the third time period to be lower
than a brightness of the second LED light source unit in
the second time period, and controlling a brightness of
the fourth LED light source unit in the third time period
to be lower than a brightness of the third LED light
source unit in the third time period.
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20. The method of claim 19, further comprising:
during the self screen mode, controlling the first and sec-

ond LED light source units so that the brightness of the
second LED light source unit is substantially equal to the
brightness of the first LED light source unit in the second
time period, controlling the third LED light source unit
so that the brightness of the third LED light source unit
is substantially equal to a brightness of the first and
second LED light source units in the third time period,
controlling the fourth LED light source unit so that the
brightness of the fourth LED light source unitis substan-
tially equal to a brightness of the first to third LED light
source units in the fourth time period, and simulta-
neously turning off the first to fourth LED light source
units using the dimming signal and the address signal in
a fifth time period.
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