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LIQUID CRYSTAL DISPLAY AND METHOD FOR
DRIVING THE SAME

BACKGROUND OF THE INVENTION
[0001] (a) Field of the Invention

[0002] The present invention relates to a liquid crystal
display and a method for driving the same and, more
specifically, to a liquid crystal display having uniform
brightness and a method for driving the same.

[0003] (b) Description of the Related Art

[0004] Liquid crystal displays typically include two sub-
strates and a liquid crystal layer interposed between the
substrates. The transmittance of light is controlled by the
intensity of an electric field applied to the liquid crystal
layer.

[0005] 1In a conventional liquid crystal display pixel, a
storage capacitor and a liquid crystal capacitor are connected
to a transistor, which in turn is connected at its gate to a gate
line. The other terminal of the storage capacitor not con-
nected to the transistor is connected to a previous gate line.
The other terminal of the liquid crystal capacitor not con-
nected to the transistor is connected to a common voltage.
When the previous gate line is turned on while the subject
gate line is in an off-state, the potential of the terminal
connected to the transistor is changed. Such a potential
change results in the change of transmittance of light.
Accordingly, the brightness of a pixel row is changed with
time.

[0006] A liquid crystal display which is of the passive type
generally uses a backlight as a light source, such as a small
fluorescent lamp. The backlight is typically driven by an
inverter in the liquid crystal display. The brightness of the
backlight varies with the amplitude of a dimming signal
from the inverter.

[0007] The time-dependent intensities of light due to the
previous gate driving mode and the time-dependent dim-
ming interfere each other to cause a beat phenomenon. The
flickering caused by the beat may be visible to a viewer.
Thus, it is desirable to provide a liquid crystal display having
uniform brightness.

SUMMARY OF THE INVENTION

[0008] A liquid crystal display is provided, which
includes: a liquid crystal display panel having a plurality of
pixels and a plurality of signal lines, the plurality of signal
lines transmitting signals to the pixels; and a backlight unit
having at least two lamps spaced from each other for
supplying light to the liquid crystal display panel, wherein
the two lamps are separately turned on and off.

[0009] According to an embodiment of the present inven-
tion, each of the plurality of pixels includes a field gener-
ating electrode and a switching device connected to the field
generating electrode. The plurality of signal lines comprise
a plurality of gate lines and a plurality of data lines, each of
the plurality of gate lines is connected to the switching
device for transmitting gate signals to the liquid crystal
panel and each of the plurality of data lines is connected to
the switching device for transmitting image signals to the
liquid crystal panel, and the switching device transmits the
image signals to the field generating electrode.
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[0010] Preferably, the liquid crystal display further
includes a gate driver connected to the plurality of gate lines.
And the liquid crystal display further includes a pair of data
drivers connected to the plurality of data lines, the pair of
data drivers comprise a first data driver connected to one
side of the liquid crystal display panel and a second data
driver connected to the other side of the liquid crystal
display panel.

[0011] According to an embodiment of the present inven-
tion, the two lamps are alternatively turned on and off. The
backlight unit further includes a plurality of inverters, the
plurality of inverters provide the lamps with a plurality of
lamp driving signals for controlling the lamps, and the lamp
driving signals are activated at different times. The plurality
of lamp driving signals are two signals, each having a phase
difference of 180 degrees from the other.

[0012] Preferably, the liquid crystal display further
includes a controller for receiving color signals from an
external graphic controller and control signals for control-
ling display of the color signals, and for generating a
plurality of signal line control signals connected to the
plurality of the signal lines and a back light control signal
connected to the backlight unit. The controller includes: a
timing controller generating and outputting a counted pulse
signal based on a plurality of signal line control signals; an
integrator integrating the counted pulse signal to generate an
integrated signal; and a comparator comparing the integrated
signal with a predetermined reference signal to generate the
backlight control signal and outputting the backlight control
signal to the backlight unit.

[0013] A liquid crystal display is also provided, which
includes: a liquid crystal display panel having a plurality of
pixels and a plurality of signal lines, the plurality of signal
lines transmitting signals to the pixels; and a backlight unit
for supplving light to the liquid crystal display panel,
wherein the backlight unit is controlled in synchronization
with at least one of panel control signals for controlling the
liquid crystal display panel.

[0014] According to an embodiment of the present inven-
tion, the backlight unit includes a light emitting lamp and an
inverter providing the light emitting lamp with a lamp
driving signal for controlling the light emitting lamp, and
wherein the lamp driving signal is synchronized with one of
the panel control signals of the liquid crystal display panel.
Each of the plurality of pixels includes a field generating
electrode and a switching device connected to the field
generating electrode, the plurality of signal lines include
gate lines connected to the switching devices to transmit
scanning signals for controlling the switching devices and
data lines connected to the switching device to transmit
image signals, and the switching devices transmit the image
signals to the field generating electrodes in response to the
scanning signals.

[0015] Preferably, the liquid crystal display further
includes a controller receiving from external color signals
and control signals for controlling display of the color
signals, generating the panel control signals of the liquid
crystal display panel based on the control signals to provide
the panel control signals together with the color signals for
the liquid crystal display panel, and generating a backlight
control signal based on one of the panel control signals to
provide the backlight control signal for the inverter, and
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wherein the inverter generates the lamp driving signal based
on the backlight control signal. The panel control signals
include a vertical synchronizing signal and a horizontal
synchronizing signal, and the backlight control signal is
generated based on either the vertical synchronizing signal
or the horizontal synchronizing signal. The backlight control
signal is generated based on either a vertical synchronization
start signal generated based on a vertical synchronization
signal among the control signals or a horizontal synchroni-
zation start signal generated based on a horizontal synchro-
nizing signal.

[0016] According to an embodiment of the present inven-
tion, the controller includes: a timing controller generating
and outputting a counted pulse signal based on the panel
control signals; an integrator integrating the counted pulse
signal to generate an integrated signal; and a comparator
comparing the integrated signal with a predetermined ref-
erence signal to generate the backlight control signal and
outputting the backlight control signal to the inverter.

[0017] A method for driving a liquid crystal display hav-
ing a liquid crystal display panel and a backlight unit
providing light for the liquid crystal display panel is also
provided. The method includes the steps of: receiving color
signals and control signals for controlling display of the
color signals; supplying the color signals and liquid crystal
display panel control signals generated based on the control
signals to the liquid crystal display panel; and generating a
backlight control signal for controlling the backlight unit
based on either the control signals or the panel control
signals to drive the backlight unit.

[0018] According to an embodiment of the present inven-
tion, the step of generating the backlight control signal
includes: generating a pulse signal synchronized with the
control signal or the display panel control signals; integrat-
ing the pulse signal to generate an integrated signal; and
comparing the integrated signal with a predetermined ref-
erence signal to generate the backlight control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The features and advantages of the present inven-
tion will become more apparent from the detailed descrip-
tion of preferred embodiments with reference to the accom-
panying drawings, like reference numerals are used for
description of like or equivalent parts or portions for sim-
plicity of illustration and explanation:

[0020] FIG.1is ablock diagram of a liquid crystal display
according to an embodiment of the present invention;

[0021] FIG. 2 shows waveforms of lamp driving signals
and brightness of a liquid crystal display panel according to
an embodiment of the present invention,

[0022] FIG. 3 is a block diagram of an inverter usable in
the circuit shown in FIG. 1;

[0023] FIG. 4 is a block diagram of another inverter
usable in the circuit shown in FIG. 1;

[0024] FIG. 5is ablock diagram of a liquid crystal display
according to another embodiment of the present invention;

[0025] FIG. 6 shows exemplary waveforms of a vertical
synchronizing start signal, a counted pulse signal, an inte-
grated signal, and an inverter control signal according to the
present invention; and
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[0026] FIGS. 7 to 9 are timing diagrams of signals from
the circuit of FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0027] The features and advantages of the present inven-
tion will become more apparent from the detailed descrip-
tion of preferred embodiments with reference to the accom-
panying drawings, like reference numerals are used for
description of like or equivalent parts or portions for sim-
plicity of illustration and explanation.

[0028] FIG.1is ablock diagram of a liquid crystal display
according to an embodiment of the present invention.

[0029] Referring to FIG. 1, the liquid crystal display
according to an embodiment of the present invention
includes a liquid crystal display panel 600, a timing con-
troller 100, a gate driver 200, a pair of data drivers having
an upper data driver 310 and a lower data driver 320, a pair
of inverters having an upper inverter 410 and a lower
inverter 420, and a pair of lamp units having an upper lamp
unit 510 and a lower lamp unit 520.

[0030] The liquid crystal display panel 600 includes a
plurality of pixels (not shown) in a matrix and a plurality of
gate lines 610 and a plurality of data lines 620 for trans-
mitting signals to the pixels. Each pixel has a thin film
transistor (not shown) and an electric-field generating elec-
trode connected to the thin film transistor. The thin film
transistor is a switching device having three terminals, and
is connected to the gate lines 610 and data lines 620. The
plurality of gate lines 610 are for transmitting scanning
signals or gate signals and the plurality of data lines 620 are
for transmitting image signals or data signals. A plurality of
signal lines (now shown) for transmitting common electrode
signals can also be provided on the panel 600. The thin film
transistor transmits image signals from the data lines 620 to
the electric-field generating electrode in response to the
scanning signals from the gate lines 610.

[0031] The upper lamp unit 510 and the lower lamp unit
520 spaced from each other are positioned at upper and
lower sides of the liquid crystal display panel 600, respec-
tively, or are positioned under upper and lower portions of
back surface of the liquid crystal display panel 600. Accord-
ing to an embodiment of the present invention, the upper
lamp unit 510 and the lower lamp unit 520 are connected to
the upper converter 410 and the lower inverter 420, respec-
tively, for controlling the lamp units 510 and 520, respec-
tively.

[0032] The gate driver 200 connected to the gate lines 610
to provide the scanning signals therefor is located at one side
of the liquid crystal display panel 600. The upper and lower
data drivers 310 and 320 connected to the data lines 620
providing the data signals therefor are located at upper and
the lower sides of the liquid crystal display panel 600,
respectively. According to an embodiment of the present
invention, the upper and the lower data drivers 310 and 320
are preferably connected to odd data lines and even data
lines, respectively. However, one skilled in the art can
readily appreciate that other ways of connecting the data
drivers 310 and 320 to the data lines 620 can also made.
[0033] The gate driver 200, the data drivers 310 and 320,
and the inverters 410 and 420 are connected to the timing

controller 100 to be controlled thereby, and this is described
below.
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[0034] The timing controller 100 receives color signals R
(red), G (green), and B (blue) from an external graphic
controller (not shown), and various timing signals for con-
trolling display of the color signals. The various timing
signals includes a vertical synchronizing signal Vsync, a
horizontal synchronizing signal Hsync, a data enable signal
DE, and a main clock signal MCLK. In addition, the timing
controller 100 generates a gate driver control signal 131 for
controlling the gate driver 200 and data driver control
signals 111 and 112 for controlling the data drivers 310 and
320 based on the timing signals, and transmits the gate
driver control signal 131 to the gate driver 200 and the data
driver control signals 111 and 112 to the data drivers 310 and
320. At this time, the color signals R, G, and B are provided
for the data drivers 310 and 320 together with the data driver
control signals 111 and 112. The gate driver 200 sequentially
applies the gate signals to the gate lines 610 of the liquid
crystal display panel 600 in response to the gate driver
control signal 131, thereby turning on or off the thin film
transistors connected to the gate lines 610. The data drivers
310 and 320 select and apply the image signals correspond-
ing to the color signals R, G, and B to the data lines 620
based on the data driver control signals 111 and 112. The
field generating electrode receives the image signals to
display images when the thin film transistor is turned on.

[0035] In addition, the timing controller 100 generates
inverter control signals 121 and 122 for controlling the
upper and lower inverters 410 and 420 based on the timing
signals, and outputs the inverter control signals 121 and 122
to the upper and lower inverters 410 and 420, respectively.
The respective inverters 410 and 420 provide lamp driving
signals 411 and 421 for controlling the upper and lower lamp
units 510 and 520 based on the inverter control signals 121
and 122. The upper and lower lamp units 510 and 520 are
turned on and off in accordance with the lamp driving
signals 411 and 421, respectively.

[0036] According to a preferred embodiment of the
present invention, the upper lamp unit 510 has a turn on/off
period which is different from the period of turn on/off of the
lower lamp unit 520. Preferably, the upper and the lower
lamp units 510 and 520 are alternatively turned on and off.

[0037] For example, the lamp driving signals 411 and 421
applied to the upper and lower lamp units 510 and 520 have
a phase difference, such as inverted phases or a phase
difference of 180 degrees. In this way, the brightness of the
liquid crystal display panel 600 can be uniformly controlled.

[0038] FIG. 2 shows waveforms 2-2 and 2-3 of the lamp
driving signals 411 and 421 having the phase difference of
180 degrees, and brightness 2-1 of the liquid crystal display
panel 600. Referring to FIG. 2, since the ON periods of the
lamp driving signals 411 and 421 are shorter than OFF
periods, the brightness 2-1 of the liquid crystal 20 display
panel 600 is periodically changed. However, because the
period of low brightness is much shorter than the period of
high brightness, total brightness change of the liquid crystal
display panel 600 is very small. As a result, uniform bright-
ness of the liquid crystal display panel 600 is maintained
most of the time. And this reduces brightness variation
caused by a voltage change during driving a previous gate
line and caused by time-dependent dimming of the back-
light.
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[0039] FIG. 3 shows a block diagram of an exemplary
inverter 430 for the upper and lower inverters 410 and 420
in FIG. 1, which includes a pulse generator 412, a controller
414, and a transformer 416.

[0040] The pulse gencrator 412 is initiated by a power
on/off signal PW supplied from an external device, and
generates a pulse signal based on the inverter control signal
121 or 122 (in FIG. 1) such as a brightness control signal BC
from the timing controller 100 to provide for the controller
414. A width, an amplitude, and a count of the generated
pulses can be controlled based on the brightness control
signal BC.

[0041] The controller 414 selects either a voltage Vin or
GND in response to the pulse signal from the pulse generator
412 and provides the selected voltage Vin or GND for the
transformer 416 as the inverter control signal. In response to
this signal, the transformer 416 applies the inverter control
signal to the upper and the lower lamp units 510 and 520 (in
FIG. 1).

[0042] FIG. 4 shows a block diagram of another exem-
plary inverter 440 for the upper and lower inverters 410 and
420 in FIG. 1, which includes a controller 422 and a
transformer 416. As compared with FIG. 3, the inverter 440
does not include a pulse generator 412 (in FIG. 3). There-
fore, except that the inverter control signals 121 and 122 (in
FIG. 1) supplied from the timing controller 100 (in FIG. 1)
are pulse signals, the operation is the same as compared with
FIG. 3.

[0043] FIG. 5is ablock diagram of a liquid crystal display
according to another embodiment of the present invention.

[0044] Referring to FIG. 5, the liquid crystal display
includes a liquid crystal display panel 600, a lamp unit 500
disposed at one side of the liquid crystal display panel 600,
an inverter 400 for controlling the lamp unit 500, a gate
driver 200, a data driver 300, and a controller 700 for
controlling them. As compared with FIG. 1, elements of the
liquid crystal display having the same numerals are config-
ured and functioned the same, except there is only a single
lamp unit 500, inverter 400, and data driver 300, and the
function of the timing controller (reference number 100 of
FIG. 1) is somewhat different from the controller 700.
According to the preferred embodiment of the present
invention shown in FIG. 5, the liquid crystal display is not
dual bank type having two data drivers but single bank type.
Therefore, data lines 620 of the liquid crystal display panel
600 are connected to one data driver 300.

[0045] The controller 700 includes a timing controller 710
having a pulse counting and generating unit 712, an inte-
grator 720, and a comparator 730, which are sequentially
connected.

[0046] A method for driving the lamp unit 500 of the
liquid crystal display will be described with reference to the
FIGS. 5 and 6.

[0047] The timing controller 710 receives color signals R
(red), G (green) and B (blue) from an external graphic
controller (not shown), and various control signals for
controlling display of the color signals. The various control
signals includes a vertical synchronizing signal Vsync, a
horizontal synchronizing signal Hsync, a data enable signal
DE, and a main clock signal MCLK. The pulse counting and
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generating unit 712 generates a vertical synchronizing start
signal STV based on the vertical synchronizing signal
Vsyne, counts pulses of the vertical synchronizing start
signal STV, and provides a counted pulse signal 711 for the
integrator 720.

[0048] FIG. 6 shows exemplary waveforms of the vertical
synchronizing start signal STV, the counted pulse signal 711,
an integrated signal 721, and an inverter control signal 731.
Referring to FIG. 6, one pulse of the counted pulse signal
711, the integrated signal 721, and the inverter control signal
731 is generated for every two pulses of the vertical syn-
chronizing start signal STV. The integrator 720 integrates
the counted pulse signal 711 to obtain an integrated signal
721 having a chopping waveform, and outputs the integrated
signal 721 to the comparator 730. The comparator 730
compares the integrated signal 721 with a predetermined
reference signal REF to generate an inverter control signal
731, and outputs the inverter control signal 731 to the
inverter 400 (in FIG. 5). The inverter 400 (in FIG. 5) drives
the lamp unit 500 based on the inverter control signal 731.

[0049] An amplitude, a width, and a number, etc. of the
counted pulse signal 711 are various, and thus the integrated
signal 721 and the inverter control signal 731 can be
changed.

[0050] FIGS. 7 to 9 are timing diagrams of the integrated
signal 721 and the inverter control signal 731.

[0051] FIGS. 7 and 8 show exemplary waveforms of the
integrated signal 721 having non-uniform peak values
within one frame, while FIG. 9 shows an example having
uniform peak values. In FIG. 7 or FIG. §, the integrated
signal 721 varies within the one frame in the range of MIN
to MAX. Referring to FIGS. 7 to 9, an ON period of the
inverter control signal 731 is defined as a period that the
value of the integrated signal 721 is equal to or larger than
the value of the reference signal REF. FIG. 7 shows the ON
period is longer as the signal approaches the end of the
frame. In contrast, FIG. 8 shows that the ON period is
shorter as the signal approaches the end of the frame.
Whereas, FIG. 9 shows a constant ON period through the
frame.

[0052] To generate the signals shown in FIGS. 7 and 8,
the pulse counting and generating unit 712 (in FIG. 5) is
configured to output a pulse signal as output from the
inverter 400 (in FIG. 5). Thus, an inverter such as the
inverter 400 is incorporated within the pulse counting and
generating unit 712.

[0053] According to this illustrative embodiment of the
present invention, the inverter control signal 731 is gener-
ated based on the vertical synchronizing start signal STV.
However, it can also be generated based on the vertical
synchronizing signal Vsyne, the horizontal synchronizing
signal Hsync, or a horizontal synchronizing start signal STH
generated from the horizontal synchronizing signal Hsync.

[0054] As described above, the liquid crystal display of
the present invention generates the inverter control signal in
synchronization with control signals of the liquid crystal
display panel such as the vertical synchronizing signal, etc.,
to coincide the brightness change period, thereby reducing
brightness variation.

[0055] While this invention has been described in connec-
tion with the preferred embodiments, it is to be understood
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that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the sprit and scope of the appended claims.

What is claimed is:
1. A liquid crystal display comprising:

a liquid crystal display panel having a plurality of pixels
and a plurality of signal lines, the plurality of signal
lines transmitting signals to the pixels; and

a backlight unit having at least two lamps spaced from
cach other for supplying light to the liquid crystal
display panel,

wherein the two lamps are separately turned on and off.

2. The liquid crystal display of claim 1, wherein each of
the plurality of pixels comprises a field generating electrode
and a switching device connected to the field generating
electrode.

3. The liquid crystal display of claim 2, wherein the
plurality of signal lines comprise a plurality of gate lines and
a plurality of data lines, each of the plurality of gate lines is
connected to the switching device for transmitting gate
signals to the liquid crystal panel and each of the plurality of
data lines is connected to the switching device for transmit-
ting image signals to the liquid crystal panel, and the
switching device transmits the image signals to the field
generating electrode.

4. The liquid crystal display of claim 3, further comprising
a gate driver connected to the plurality of gate lines.

5. The liquid crystal display of claim 3, further comprising
a pair of data drivers connected to the plurality of data lines,
the pair of data drivers comprise a first data driver connected
to one side of the liquid crystal display panel and a second
data driver connected to the other side of the liquid crystal
display panel.

6. The liquid crystal display of claim 1, wherein the two
lamps are alternatively turned on and off.

7. The liquid crystal display of claim 1, wherein the
backlight unit further comprises a plurality of inverters, the
plurality of inverters provide the lamps with a plurality of
lamp driving signals for controlling the lamps, and the lamp
driving signals are activated at different times.

8. The liquid crystal display of claim 7, wherein the
plurality of lamp driving signals are two signals, each having
a phase difference of 180 degrees from the other.

9. The liquid crystal display of claim 1, further comprising
a controller for receiving color signals from an external
graphic controller and control signals for controlling display
of the color signals, and for generating a plurality of signal
line control signals connected to the plurality of the signal
lines and a back light control signal connected to the
backlight unit.

10. The liquid crystal display of claim 9, wherein the
controller comprises:

a timing controller generating and outputting a counted
pulse signal based on a plurality of signal line control
signals;

an integrator integrating the counted pulse signal to
generate an integrated signal; and

a comparator comparing the integrated signal with a
predetermined reference signal to generate the back-



US 2003/0038770 Al

light control signal and outputting the backlight control
signal to the backlight unit.
11. A liquid crystal display comprising:

a liquid crystal display panel having a plurality of pixels
and a plurality of signal lines, the plurality of signal
lines transmitting signals to the pixels; and

a backlight unit for supplying light to the liquid crystal
display panel,

wherein the backlight unit is controlled in synchronization
with at least one of panel control signals for controlling
the liquid crystal display panel.

12. The liquid crystal display of claim 11, wherein the
backlight unit comprises a light emitting lamp and an
inverter providing the light emitting lamp with a lamp
driving signal for controlling the light emitting lamp, and
wherein the lamp driving signal is synchronized with one of
the panel control signals of the liquid crystal display panel.

13. The liquid crystal display of claim 11, wherein each of
the plurality of pixels includes a field generating electrode
and a switching device connected to the field generating
electrode, the plurality of signal lines include gate lines
connected to the switching devices to transmit scanning
signals for controlling the switching devices and data lines
connected to the switching device to transmit image signals,
and the switching devices transmit the image signals to the
field generating electrodes in response to the scanning
signals.

14. The liquid crystal display of claim 13, further com-
prising a controller receiving from external color signals and
control signals for controlling display of the color signals,
generating the panel control signals of the liquid crystal
display panel based on the control signals to provide the
panel control signals together with the color signals for the
liquid crystal display panel, and generating a backlight
control signal based on one of the panel control signals to
provide the backlight control signal for the inverter, and
wherein the inverter generates the lamp driving signal based
on the backlight control signal.

15. The liquid crystal display of claim 14, wherein the
panel control signals include a vertical synchronizing signal
and a horizontal synchronizing signal, and the backlight
control signal is generated based on either the vertical
synchronizing signal or the horizontal synchronizing signal.

16. The liquid crystal display of claim 14, wherein the
backlight control signal is generated based on either a
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vertical synchronization start signal generated based on a
vertical synchronization signal among the control signals or
a horizontal synchronization start signal generated based on
a horizontal synchronizing signal.

17. The liquid crystal display of claim 14, wherein the
controller comprises:

a timing controller generating and outputting a counted
pulse signal based on the panel control signals;

an integrator integrating the counted pulse signal to
generate an integrated signal; and

a comparator comparing the integrated signal with a
predetermined reference signal to generate the back-
light control signal and outputting the backlight control
signal to the inverter.

18. A method for driving a liquid crystal display having a
liquid crystal display panel and a backlight unit providing
light for the liquid crystal display panel, the method com-
prising:

receiving color signals and control signals for controlling
display of the color signals;

supplying the color signals and liquid crystal display
panel control signals generated based on the control
signals to the liquid crystal display panel; and

generating a backlight control signal for controlling the
backlight unit based on either the control signals or the
panel control signals to drive the backlight unit.
19. The method of claim 18, wherein the step of gener-
ating the backlight control signal comprises:

generating a pulse signal synchronized with the control
signal or the display panel control signals;

integrating the pulse signal to generate an integrated
signal; and

comparing the integrated signal with a predetermined
reference signal to generate the backlight control sig-
nal.
20. The method of claim 18, wherein the backlight unit
comprises at least two lamps spaced from each other.
21. The method of claim 20, wherein the two lamps are
alternatively turned on and off.
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