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BRIGHTNESS ADJUSTING DEVICE AND
LIQUID CRYSTAL DISPLAY HAVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application relies for priority upon Korean Patent
Application No. 2006-88247 filed on Sep. 12, 2006, the con-
tent of which is herein incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a brightness adjusting
device capable of adjusting the brightness of a light source by
synchronizing the brightness adjusting pulse with a dimming
synchronizing signal of a display apparatus, and a liquid
crystal display having the same.

2. Description of the Related Art

A cold cathode fluorescent lamp is commonly used as a
backlight source for liquid crystal display devices. In these
liquid crystal display devices, the brightness of the backlight
is adjusted by controlling the average brightness of the cold
cathode fluorescent lamp by changing the duty ratio between
a turn-on time and a turn-off time of the cold cathode fluo-
rescent lamp and periodically turning on/off the cold cathode
fluorescent lamp. If the turn-off time is shorter than the turn-
ontime, the brightness becomes high. Conversely, if the turn-
off time is longer than the turn-on time, the brightness
becomes low. The duty ratio between the turn-on time and the
turn-off time of the cold cathode fluorescent lamp is adjusted
according to the duty ratio of a pulse signal generated by an
inverter circuit that drives the cold cathode fluorescent lamp.

The pulse signal (hereinafter, referred to as a brightness
adjusting pulse) can be adjusted through various methods.
For instance, the pulse signal can be adjusted by using a
differential amplifier (operational amplifier).

FIG. 7 is a circuit diagram showing a conventional bright-
ness adjusting pulse generator. A reference voltage output
from a reference voltage generator 701 is input into a positive
input terminal of the operational amplifier 704 through a
resistor 702. An output of the operational amplifier 704 is
transferred to an integration circuit 710 configured with a
resistor 705 and a condenser 706, and is put in a positive-
fedback loop back to the positive input terminal of the opera-
tional amplifier 704 through a resistor 703. In addition, a
negative-feedback loop is applied from a node (saw) 711 of
the integration circuit 710 to the negative input terminal of the
operational amplifier 704, so that the output of the operational
amplifier 704 is input into the negative input terminal of the
operational amplifier 704. Meanwhile, a brightness adjusting
voltage output from a brightness adjusting voltage generator
708 is input into the positive input terminal of an operational
amplifier 707 through a level shift 709.

FIGS. 8A to 8D are timing charts showing waveforms at
each node of the conventional brightness adjusting pulse gen-
erator shown in FIG. 7. FIG. 8 A shows the voltage waveform
of'an output node 712 of the operational amplifier 704, FIG.
8B shows the voltage waveforms of a positive input terminal
node (REF) 713 of the operational amplifier 704 and the node
(saw) 711 of the integration circuit 710, FIG. 8C shows the
voltage waveforms of the node (saw) 711 and a positive input
terminal node (A-DIMi) 714 of the operational amplifier 707,
and FIG. 8D shows the voltage waveform of an output node
715 of the operational amplifier 707.
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The pulse output 801 of the operational amplifier 704
shown in FIG. 8A is integrated by means of the integration
circuit 710 including the resistor 705 and the condenser 706,
and the node (saw) 711 exhibits a triangular voltage wave-
form 802, which is linearly changed as shown in FIG. 8B. The
node (saw) 711 is fed back into the negative input terminal of
the operational amplifier 704 and is compared with a refer-
ence voltage 803 input into the positive input terminal of the
operational amplifier 704. The signal output from the opera-
tional amplifier 704 is put in the positive-feedback loop to the
resistors 703, and the output voltage 801 of the operational
amplifier 704 is reversed whenever the voltage 802 of the
node (saw) 711 reaches the voltage 803 of the node (REF)
713, so that the voltage 803 of the node (REF) 713 is also
changed. When the output voltage 801 of the operational
amplifier 704 is at the high level, the integration circuit 710
charges the condenser 706 through the resistor 705 and the
voltage 802 of the node (saw) 711 is increased. Since the
output voltage 801 of the operational amplifier 704 is at the
high level, the voltage 803 at the node (REF) 713 that is part
of'the positive feedback loop including the operational ampli-
fier 704 becomes the high level. In this state, ifthe voltage 802
of the node (saw) 711 exceeds the voltage 803 of the node
(saw) 713, the output of the operational amplifier 704 is
reversed and the output voltage of the operational amplifier
704 becomes the low level. When this happens, the electric
charges in the condenser 706 of the integration circuit 710 are
discharged through the resistor 705. The above procedure
repeats, producing the triangular waveform at the node (saw)
711.

The brightness adjusting voltage generated by the bright-
ness adjusting voltage generator is a DC voltage having the
brightness level adjusted by the user and is input into the
positive input terminal of the operational amplifier 707. The
operational amplifier 707 compares the voltage 804 of the
positive input terminal node (A-DIMi) 714 of the operational
amplifier 707 with the voltage 802 of the node (saw) 711,
thereby outputting a brightness adjusting pulse voltage 805.

In general, the frequency of the brightness adjusting pulse
is synchronized with the vertical driving signal of the display
image signal transmitted to the liquid crystal panel, thereby
preventing interference noise and brightness distortion. How-
ever, this type of conventional circuit cannot be stabilized due
to factors such as an imbalance of the condenser 706, a
temperature drift, etc. In addition, when the frequency is
synchronized with the vertical driving signal, if the frequency
of the input dimming synchronization signal is changed, the
amplitude of the triangular wave generated from the integra-
tion circuit is changed since the time constant, which is used
to determine resistance of the integration circuit and the value
of'the condenser, is fixed. Then, the dimming control voltage,
which is a constant DC voltage, is compared with the trian-
gular wave to change the duty ratio of the dimming control
pulse, thereby changing the brightness of the backlight.

The vertical driving signal of the display image signal
transmitted to the liquid crystal panel is offset from the fre-
quency of the brightness adjusting pulse, generating interfer-
ence noise. In particular, if the vertical driving signal of the
display image signal that is transmitted to the liquid crystal
panel is the common multiple or the common measure of the
brightness adjusting pulse, even more interference noise is
generated.

There are measures to reduce the interference noise. For
example, a dimming control device as disclosed in Japanese
Patent Unexamined Publication No. 2003-173892 may be
used. FIG. 9 is the circuit diagram of the dimming control
device.
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The dimming control device shown in FIG. 9 includes an
integrator configured with a condenser C5 and a transistor Q4
supplying a charge current, a differential circuit having a reset
unit (C4, R7 and D1) that discharges the charge voltage
according to a dimming synchronization signal, a transistor
Q3, a reference voltage generator, an operational amplifier
IC2 that compares the charge voltage of the condenser C5
with the reference voltage and then outputs a pulse signal, a
feedback unit that integrates the pulse signal using a resistor
R10 and a condenser C6 and then feeds the pulse signal back
to a control terminal of the transistor Q4, and an output unit
that outputs the dimming control pulse which is obtained by
comparing the charge voltage of the condenser C5 with the
dimming control voltage using the operational amplifier IC1.
The charge voltage waveform of the condenser C5 is a ser-
rated waveform having superior linearity and constant ampli-
tude, and the duty ratio of the dimming control pulse output
from the output unit is set proportionally to the dimming
control voltage. Therefore, even if the frequency of the dim-
ming synchronization signal is changed, brightness distortion
caused by a mismatch between the display driving period of
the liquid crystal display and the turn on/off period of the
backlight is not generated. In addition, since the duty ratio is
proportional to the dimming control voltage, the brightness of
the backlight can be stabilized.

However, the dimming control device disclosed in Japa-
nese Patent Unexamined Publication No. 2003-173892 rep-
resents a problem in that the frequency of the output dimming
control pulse corresponds to the frequency of the dimming
synchronization signal.

[Patent Document 1] Japanese Patent Unexamined Publi-
cation No. 1995-191298.

[Patent Document 2] Japanese Patent Unexamined Publi-
cation No. 2003-173892.

SUMMARY OF THE INVENTION

The present invention provides liquid crystal display hav-
ing a brightness adjusting device in which the frequency of
the dimming synchronization signal is synchronized with the
frequency of the brightness adjusting pulse at a fixed magni-
fication to prevent interference noise, the duty ratio of the
brightness adjusting pulse is not changed even if the fre-
quency of the dimming synchronization signal is changed,
and the frequency of the brightness adjusting pulse may be
changed under the control of a multiplication circuit.

In one aspect, a brightness adjusting device includes a
multiply multiplication circuit multiplying an input dimming
synchronization signal with a multiplication ratio to output a
multiplication signal, a detection circuit connected to the
multiplication circuit to distinguish between different multi-
plication signals, a sawtooth wave generator connected to the
detection circuit in order to generate a sawtooth wave having
constant amplitude independently of the multiplication sig-
nal, a first reference voltage generator that generates a first
reference voltage, and a comparator connected to the saw-
tooth wave generator to output a pulse signal by comparing a
voltage of the sawtooth wave with the first reference voltage.
The first reference voltage generator includes a circuit that
outputs a variable voltage, and the multiplication circuit
includes a circuit having a variable multiplication ratio.

In another aspect, a liquid crystal display includes a liquid
crystal display unit, a gate driver applying a gate signal
including two types of gate voltages to a gate line of the liquid
crystal display unit, and a data driver that applies a gray scale
voltage to a data line, is the gray scale voltage being selected
from a gray scale voltage group according to desired bright-
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ness and reverse control. In addition, the liquid crystal display
includes a voltage generator that generates the gray scale
voltage group and two types of gate voltages, a signal con-
troller receiving an RGB image signal and an input control
signal that controls the RGB image signal being displayed to
generate a plurality of control signals including a dimming
synchronization signal, processing image signals in corre-
spondence with operating conditions of the liquid crystal
display unit, and outputting the control signals, a lamp includ-
ing a plurality of discharge tubes, at least one inverter provid-
ing the discharge tubes with an AC high voltage, a multipli-
cation circuit receiving and multiplying a dimming
synchronization signal to output a multiplication signal, a
detection circuit connected to the multiplication circuit to
differentiate the multiplication signal, a sawtooth wave gen-
erator connected to the detection circuit in order to charge or
discharge a condenser according to a signal output from the
detection circuit and to generate a sawtooth wave having
constant amplitude independently of a frequency of the mul-
tiplication signal, a first reference voltage generator that gen-
erates a first reference voltage, and a comparator connected to
the sawtooth wave generator to output a pulse signal by com-
paring a voltage of the sawtooth wave with the first reference
voltage. The first reference voltage generator includes a cir-
cuit that outputs a variable voltage, and the multiplication
circuit includes a circuit having a variable multiplication
ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present invention
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings, wherein:

FIG. 1 is a block diagram showing the structure of a liquid
crystal display according to an exemplary embodiment of the
present invention;

FIG. 2 is a block diagram showing the structure of a bright-
ness adjusting according to an exemplary embodiment of the
present invention;

FIG. 3 is a circuit diagram showing the structure of a
brightness adjusting device according to an exemplary
embodiment of the present invention;

FIG. 4 is a timing chart of a brightness adjusting device
according to an exemplary embodiment of the present inven-
tion when the frequency of the vertical synchronization start
signal is high;

FIG. 5 is a timing chart of a brightness adjusting device
according to an exemplary embodiment of the present inven-
tion when the frequency of the vertical synchronization start
signal is low;

FIG. 6 is a circuit diagram of a level shift circuit;

FIG. 7 is a circuit diagram of a conventional brightness
adjusting device;

FIG. 8 is a timing chart of a conventional brightness adjust-
ing pulse generator; and

FIG. 9 is a circuit diagram of another conventional dim-
ming control device.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, the present invention will be explained in
detail with reference to the accompanying drawings. How-
ever, the scope of the present invention is not limited to such
embodiments and the present invention may be realized in
various forms. The embodiments to be described below are
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provided to aid the disclosure of the present invention and
assist those skilled in the art to understand the present inven-
tion.

FIG. 1 is a block diagram showing the structure of a liquid
crystal display according to an exemplary embodiment of the
present invention.

As shown in FIG. 1, a liquid crystal display 1 according to
an exemplary embodiment of the present invention includes a
liquid crystal display plate 90 having a liquid crystal display
unit 10 and gate and data drivers 20 and 30 connected to the
liquid crystal display unit 10, a voltage generator 60 con-
nected to the gate and data drivers 20 and 30, a lamp 40
irradiating light onto the liquid crystal display unit 10, an
inverter 50 connected to the lamp 40, a brightness adjusting
device 80, and a signal controller 70 controlling the inverter
50 and the brightness adjusting device 80. According to the
present exemplary embodiment, the liquid crystal display
unit 10 and the gate and data drivers 20 and 30 connected to
the liquid crystal display unit 10 are arranged on one liquid
crystal display plate. However, the liquid crystal display unit
10 and the gate and data drivers 20 and 30 may be arranged on
different substrates, respectively.

The voltage generator 60 generates a gray scale voltage
Vgray related to the transmittance of pixels and two types of
gate voltages Vgate. The gray scale voltage Vgray is divided
into two groups, one of which has a positive polarity relative
to a common voltage Vcom and the other of which has a
negative polarity relative to the common voltage Vcom. The
gate voltage Vgate includes a gate on voltage and a gate off
voltage.

The gate driver 20 is connected to a gate line of the liquid
crystal display unit 10 to apply the gate signal to the gate line.
The gate signal includes the gate on voltage and the gate off
voltage of the voltage generator 60.

The data driver 30 is connected to a data line of the liquid
crystal display unit 10 to apply a data voltage to the data line.
The data voltage is selected from the gray scale voltages
Vgray of the voltage generator 60 in response to the desired
brightness and reverse control.

The signal controller 70 receives RGB image signals and
input control signals from an external graphic controller (not
shown). The input control signals may include a vertical
synchronization signal Vsync, a horizontal synchronization
signal Hsync, a main clock signal CLK, and a data enable
signal DE, which control the RGB image signals to be dis-
played. The signal controller 70 generates various control
signals CONT based on the input control signals, processes
the image signal RGB_Data such that the image signal RGB-
_Data is suitable for the operational condition of the liquid
crystal display unit 10, transmits the control signals CONT to
the gate driver 20 and the data driver 30, and transmits the
processed image signal RGB_Data to the data driver 30.

The control signals CONT include a gate clock signal CPV
controlling the output time of the gate on voltage Von and an
output enable signal OE that limits the amplitude of the gate
onvoltage Von. In addition, the control signals CONT include
a horizontal synchronization start signal STH that notifies the
start of the horizontal period, a load signal LOAD used to
apply the data voltage to the data line, a reverse signal RVS
used to reverse the polarity of the data voltage relative to the
common voltage Vcom (hereinafter, polarity of the data volt-
age relative to the common voltage is simply referred to as
“polarity of the data voltage), and a data clock signal HCLK.

The data driver 30 sequentially receives image data corre-
sponding to pixels of one row (in general, horizontal scanning
lines) based on the control signal CONT of the signal con-
troller 70, and selects the voltage corresponding to the image
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data from among the gray scale voltages Vgray of the voltage
generator 60, thereby converting the image data into the data
voltage applied to the liquid crystal.

The gate driver 20 applies the gate on voltage of the voltage
generator 60 to the gate line in response to the control signal
CONT of the signal controller 70, and allows switching ele-
ments Q of all pixels connected to the gate line to electrically
communicate with each other.

The gate on voltage is applied to one gate line, and the data
driver 20 provides the data voltage to the data lines D1 to Dm
while the switching elements Q connected to the gate line are
electrically connected with each other (this period is referred
to as “1H” or “1 horizontal period”, which is identical to one
period of the horizontal synchronization signal Hsync, the
data enable signal DE, and the gate clock signal CPV). The
data voltage applied to the data line D1 to Dm is applied to the
corresponding pixels through the switching elements Q.

The brightness adjusting device 80 generates a pulse signal
by using a dimming control signal from the signal controller
70 (for instance, the vertical synchronization start signal) and
transmits the pulse signal to the inverter 50. In the inverter, the
pulse signal controls on/off of the sine wave voltage applied
to the lamp 40, thereby turning on/off the lamp 40.

FIG. 2 is a block diagram showing the structure of the
brightness adjusting device 80 used in the liquid crystal dis-
play 1 according to an exemplary embodiment of the present
invention.

The brightness adjusting device 80 shown in FIG. 2
includes a multiplication circuit 201 that receives the dim-
ming synchronization signal from the signal controller 70 to
multiply the dimming synchronization signal with a fixed
multiplication ratio to generate a multiplication signal, a
detection circuit 202 that distinguishes between different
multiplication signals, a sawtooth wave generator 203 that
charges/discharges a condenser according to the signal output
from the detection circuit 202 and generates the sawtooth
wave having constant amplitude even if a frequency of the
multiplication signal is changed, a first reference voltage
generator 204 generating a first reference voltage (brightness
adjusting voltage) that determines a pulse duty based on the
sawtooth wave voltage, and a comparator 205 comparing the
sawtooth wave voltage with the first reference voltage to
output a brightness adjusting pulse signal.

The detection circuit 202 includes a first resistor 305, a
condenser 306, a diode 307, and a second resistor 308. The
time constant is determined according to the values of the
condenser 306 and the second resistor 308.

In the brightness adjusting device 80 used for the liquid
crystal display 1 according to an exemplary embodiment of
the present invention, the dimming synchronization signal
received from the signal controller 70 serves as the vertical
synchronization start signal STV. The brightness adjusting
device 80 used for the liquid crystal display 1 according to an
exemplary embodiment of the present invention receives the
vertical synchronization start signal STV to multiply the ver-
tical synchronization start signal STV with the multiplication
ratio. However, according to another exemplary embodiment
of the present invention, the brightness adjusting device 80
may receive the vertical synchronization signal Vsync or the
horizontal synchronization signal Hsync to multiply the ver-
tical synchronization signal Vsync or the horizontal synchro-
nization signal Hsync with the multiplication ratio, wherein
the Vsync or Hsync is other than the vertical synchronization
start signal STV.

When the vertical synchronization signal Vsync or the
horizontal synchronization signal Hsync is used as the dim-
ming synchronization signal, the frequency of the dimming
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synchronization signal is about 60 Hz in the case of NTSC
image signals and about 50 Hz in the case of the PAL or
SECAM image signals.

FIG. 3 is a circuit diagram showing the structure of the
brightness adjusting device 80 shown in FIG. 2. The multi-
plication circuit 201 is a PLL circuit that includes a phase
comparator 301, a loop filter 302, a voltage control oscillator
VCO 303, and a divider counter 304.

The detection circuit 202 includes a first resistor 305, a
condenser 306, a diode 307, and a second resistor 308. The
time constant is determined according to the values of the
condenser 306 and the second resistor 308.

The sawtooth wave generator 203 includes a voltage con-
trol current source 313 having resistors 309, 310 and 311 and
a PNP transistor 312, a condenser 314 charged with the cur-
rent supplied from the voltage control current source 313, a
transistor BJT1 that discharges electric charges of the con-
denser 314 as the detection circuit 202 generates an output
signal, a second reference voltage generator 315, a first opera-
tional amplifier 316, an integral circuit 319 having a resistor
317 and a condenser 318 connected to an outer terminal of the
first operational amplifier 316, a third reference voltage gen-
erator 320, a second operational amplifier 321, resistors 322
and 323 fedback to the negative input terminal from the
second operational amplifier 321, and a condenser 324.

Although the structure of the first reference voltage gen-
erator 204 is not illustrated in detail, the first reference voltage
generator 204 generates stable and adjustable DC voltages.
For instance, the first reference voltage generator 204
includes a circuit that outputs a voltage by dividing a constant
voltage source using a variable resistor, or a circuit that selec-
tively outputs various types of voltages by selecting a voltage
ratio using various resistor values and switching transistors.

The comparator 205 is a third operational amplifier 325, in
which the positive input terminal is connected to the con-
denser 314, and the negative input terminal is connected to the
first reference voltage generator. The comparator 205 outputs
a pulse signal having a constant duty ratio by comparing the
voltage of a node (SAW) 327 with a reference DC voltage
output from the first reference voltage generator 204. In addi-
tion, a level shift circuit 326 may be installed between the first
reference voltage generator 204 and the negative input termi-
nal of the third operational amplifier 325 (comparator 205) in
order to adjust the first reference voltage (DC voltage).

FIG. 4 is a timing chart showing the voltage waveform of
each node when the frequency of the vertical synchronization
start signal STV is high, and FIG. 5 is a timing chart showing
the voltage waveform of each node when the frequency of the
vertical synchronization start signal is low. FIG. 4(a) and FIG.
5(a) show the voltage waveforms of the vertical synchroni-
zation start signals STV, and F1G. 4(b) and FIG. 5(b) show the
voltage waveforms of the output signals of the voltage control
oscillator VCO 303 constituting the multiplication circuit
201, in which frequencies approximately 10 times greater
than the frequency of the vertical synchronization start sig-
nals STV are output. FIG. 4(c) and FIG. 5(c) show the voltage
waveforms (NxTV) of the output signals, which are output
from one side of the divider counter constituting the multi-
plication circuit 201, in which the frequency is about Y4
frequency of the output signal of the voltage control oscillator
VCO 303 and is about 2.5 times (N=2.5) greater than the
frequency of the vertical synchronization start signals STV.
FIG. 4(d) and FIG. 5(d) show the voltage waveforms of the
output signals of the detection circuit 202, which are put into
abase ofthe transistor BJT1. FIG. 4(e) and FIG. 5(e) show the
voltage waveform of the first reference voltage (A-DIMi)
input into the negative input terminal of the third operational
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amplifier 325 and the voltage waveform of the node (SAW)
327 input into the positive input terminal, respectively. FIG.
4(f) and FIG. 5(f) show the voltage waveforms of the third
operational amplifier 325.

As shown in FIG. 4(a) and FIG. 5(a), the frequency of the
vertical synchronization start signals STV is high in FIG. 4(a)
and low in FIG. 5(a). However, as shown in FIG. 4(e) and
FIG. 5(e), the amplitude of the voltage waveform of the node
(SAW) 327, which is input into the positive input terminal of
the third operational amplifier 325, is constantly maintained
regardless of the amplitude of the frequency of the vertical
synchronization start signals STV. Accordingly, if the DC
voltage of the first reference voltage (A-DIMi), which is input
into the negative input terminal of the third operational ampli-
fier 325, is not changed as shown in FIG. 4(e) and FIG. 5(e),
the duty ratio of the brightness adjusting pulse is constantly
maintained as shown in FIG. 4(f) and FIG. 5(f).

The vertical synchronization start signal STV output from
the signal controller 70 shown in FIG. 1 is multiplied by a
fixed ratio through the multiplication circuit 201. The multi-
plication circuit 201 is a frequency synthesizer using PLL and
oscillates the voltage control oscillator VCO 303 in the loop
through the feedback control in such a manner that the phase
difference between the vertical synchronization start signals
STV output from the signal controller 70 and the output signal
divided into the voltage control oscillator VCO 303 and the
divider counter 304 may be maintained at a constant level.
Since the multiplication circuit 201 uses the PLL, signals that
are synchronized with the vertical synchronization start sig-
nals STV output from the signal controller 70 or multiplied by
the fixed ratio may be obtained.

The multiplication ratio may be predetermined, and the
divide ratio is determined according to the predetermined
multiplication ratio. FIGS. 3 and 4 show examples in which
the multiplication ratio is set to 2.5. The phase comparator
301 compares the phase of the vertical synchronization start
signals STV output from the signal controller 70 with the
phase of the signal output from the other side of the divider
counter 304, and outputs the phase difference as a pulse
signal. The loop filter (integral circuit/LPF) 302 intercepts
high frequency components from the pulse signal to form the
DC signal and transmits the DC signal into the voltage control
oscillator as a control voltage. Such a process may repeat until
the phase difference is removed. If the phase of the signal
output from the voltage control oscillator 303 increases, the
oscillating frequency is reduced to decrease the phase of the
signal. If the oscillator output is delayed, the oscillating fre-
quency is raised to increase the phase. That is, the voltage
control oscillator 303 is controlled such that the phase differ-
ence between the vertical synchronization start signal STV
and the signal output from the other side of the divider counter
304 becomes zero.

Since the signal output from the multiplication circuit 201
is a pulse signal, an operation start edge of the pulse signal
must be detected. To this end, the detection circuit 202 is
provided in the brightness adjusting device 80.

The operation start edge of the pulse signal detected by the
detection circuit 202 is applied to the base of the transistor
BJT1, so that the switching operation of the transistor BIT1 is
performed. The condenser 314 connected to the collector of
the transistor BJT1 is charged with the current supplied from
the voltage control current source 313, and the operation start
edge detected by the detection circuit 202 is applied to the
base of the transistor BJT1 to turn on the transistor BJT1, so
that the electric charge of the condenser 314 is discharged.

As shown in FIG. 4(e) and FIG. 5(e), the voltage waveform
of the node (SAW) 327 is represented as a sawtooth wave-
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form. The sawtooth wave form of the node (SAW) 327 is input
into the positive input terminal of the first operational ampli-
fier 316 and is compared with the reference voltage, which is
output from the second reference voltage generator and is
input into the negative input terminal. The comparison result
is output as a pulse signal.

This pulse signal is smoothened by means of the integral
circuit 319. The smoothing signal is input into the positive
input terminal of the second operational amplifier 321, and is
compared with the reference voltage, which is output from
the third reference voltage generator and is input into the
negative input terminal. The second operational amplifier 321
outputs the signal based on the comparison result to control
the voltage control current source 313.

The voltage input into the positive input terminal is stabi-
lized by means of the operation of the second operational
amplifier 321, so that the voltage may serve as a reference
voltage generated from the third reference voltage generator.
That is, since the voltage of the node (HOLD) 328 that is input
into the positive input terminal is maintained at a predeter-
mined level due to the operation of the second operational
amplifier 321, the average value of the square waves output
from the first operational amplifier 316 is maintained con-
stant. As a result, the amplitude of the node (SAW) 327 is
constantly maintained regardless of the capacity of the con-
denser 314, the frequency ofthe vertical synchronization start
signal STV, and the multiplication ratio of the multiplication
circuit.

As mentioned above, since the sawtooth wave form of the
node (SAW) 327 has the constant amplitude regardless of its
frequency, the brightness adjusting pulse signal output from
the output node 329 of the third operational amplifier 325
becomes the pulse signal having a duty ratio fixed to the
reference DC voltage level when the sawtooth wave form of
the node (SAW) 327 is compared to the reference DC voltage
(A-DIMI) output from the first reference voltage generator by
means of the third operational amplifier 325. The brightness
adjusting pulse signal is not affected by the frequency of the
vertical synchronization start signal STV and the multiplica-
tion ratio of the multiplication circuit. In addition, as men-
tioned above, since the brightness adjusting device 80 used
for the liquid crystal display according to an exemplary
embodiment of the present invention includes the multiplica-
tion circuit 201, the switching period of the inverter and the
brightness may be changed by adjusting the multiplication
ratio of the multiplication circuit 201.

In addition, in order to control the reference DC voltage
(A-DIMI), which is output from the first reference voltage
generator and input into the negative input terminal of the
third operational amplifier 325, a level shift circuit 326 may
be installed.

FIG. 6 shows such a level shift circuit 326.

Referring to FIG. 6, the voltage output from the first refer-
ence voltage generator is divided through resistors 601 and
602 and input into the negative input terminal of a fourth
operational amplifier 604 through a resistor 603. The refer-
ence voltage output from the fourth reference voltage genera-
tor 605 is input into the positive input terminal of the fourth
operational amplifier 604, and a negative feedback loop is
connected to the output terminal of the fourth operational
amplifier 604 by way of a resistor 606. In the above level shift
circuit 326, any one of the resistors 601, 602, 603 and 606
may serve as a variable resistor to control the first reference
voltage.

As described above, according to the liquid crystal display
of'the present invention, the dimming synchronization signal,
for instance, the vertical synchronization frequency of the
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display image signal transmitted to the liquid crystal panel is
fixedly synchronized with the frequency of the brightness
adjusting pulse at a predetermined multiplication ratio, so that
interference noise may be prevented. In addition, the fre-
quency of the brightness adjusting pulse may be changed by
controlling the multiplication ratio of the multiplication cir-
cuit.

According to liquid crystal display of the present invention,
the frequency of the dimming synchronization signal is syn-
chronized with the frequency of the brightness adjusting
pulse at a predetermined multiplication ratio, so that interfer-
ence noise may be prevented. Further, the duty ratio of the
brightness adjusting pulse is not changed even if the fre-
quency of the dimming synchronization signal is changed,
and the frequency of the brightness adjusting pulse may be
changed by controlling the multiplication ratio of the multi-
plication circuit.

Although the exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. A brightness adjusting device comprising;

a multiplication circuit multiplying an input dimming syn-
chronization signal with a multiplication ratio to output
a multiplication signal;

a detection circuit connected to the multiplication circuit,
the detection circuit to detect an operation start edge of
the multiplication signal and to generate an output signal
based on the detected operation start edge;

a sawtooth wave generator connected to the detection cir-
cuit to generate a sawtooth wave having constant ampli-
tude independently of the multiplication signal based on
the output signal;

a first reference voltage generator that generates a first
reference voltage; and

a comparator connected to the sawtooth wave generator to
output a pulse signal by comparing a voltage of the
sawtooth wave with the first reference voltage,

wherein the first reference voltage generator comprises a
circuit that outputs a variable voltage, and the multipli-
cation circuit comprises a circuit having a variable mul-
tiplication ratio, wherein the detection circuit com-
prises:

a first resistor having a first end receiving an input signal;

a condenser having a first end connected to a second end of
the first resistor;

a diode having an anode connected to a ground and a
cathode connected to a second end of the condenser; and

a second resistor having a first end connected with the
cathode of the diode and the second end of the con-
denser, and a second end connected to the ground.

2. A brightness adjusting device comprising:

a multiplication circuit multiplying an input dimming syn-
chronization signal with a multiplication ratio to output
a multiplication signal;

a detection circuit connected to the multiplication circuit,
the detection circuit to detect an operation start edge of
the multiplication signal and to generate an output signal
based on the detected operation start edge;

a sawtooth wave generator connected to the detection cir-
cuit to generate a sawtooth wave having constant ampli-
tude independently of the multiplication signal based on
the output signal;
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a first reference voltage generator that generates a first
reference voltage; and

a comparator connected to the sawtooth wave generator to
output a pulse signal by comparing a voltage of the
sawtooth wave with the first reference voltage,

wherein the first reference voltage generator comprises a
circuit that outputs a variable voltage, and the multipli-
cation circuit comprises a circuit having a variable mul-
tiplication ratio, wherein the sawtooth wave generator
comprises:

a second reference voltage generator that generates a sec-
ond reference voltage;

a third reference voltage generator that generates a third
reference voltage;

a voltage control current source that controls an output
voltage based on an input voltage;

a first condenser charged with a current output from the
voltage control current source;

a transistor having a base connected to an output terminal
of the detection circuit, a collector connected to the first
condenser, and an emitter connected to a ground;

afirst operational amplifier having a positive input terminal
receiving a collector voltage of the transistor and a nega-
tive input terminal receiving the second reference volt-
age, the first operational amplifier comparing the collec-
tor voltage of the transistor with the second reference
voltage to output a signal;

an integral circuit having a resistor and a second condenser
connected to an output terminal of the first operational
amplifier; and

a second operational amplifier having an output terminal, a
positive input terminal receiving an output of the integral
circuit and a negative input terminal receiving the third
reference voltage through a resistor, the second opera-
tional amplifier having a negative feedback loop includ-
ing a resistor and a condenser that are connected to the
output terminal in parallel, wherein the output terminal
being connected to the voltage control current source,

wherein the transistor is operated as the detection circuit
outputs a signal so that the first condenser is charged/
discharged and the sawtooth wave is generated at the
collector of the transistor.

3. A brightness adjusting device comprising:

a multiplication circuit multiplying an input dimming syn-
chronization signal with a multiplication ratio to output
a multiplication signal;

a detection circuit connected to the multiplication circuit,
the detection circuit to detect an operation start edge of
the multiplication signal and to generate an output signal
based on the detected operation start edge;

a sawtooth wave generator connected to the detection cir-
cuit to generate a sawtooth wave having constant ampli-
tude independently of the multiplication signal based on
the output signal;

a first reference voltage generator that generates a first
reference voltage; and

a comparator connected to the sawtooth wave generator to
output a pulse signal by comparing a voltage of the
sawtooth wave with the first reference voltage,

wherein the first reference voltage generator comprises a
circuit that outputs a variable voltage, and the multipli-
cation circuit comprises a circuit having a variable mul-
tiplication ratio,

wherein the comparator, which outputs the pulse signal by
comparing the voltage of the sawtooth wave with the
first reference voltage, comprises an operational ampli-
fier, the voltage of the sawtooth wave is input into a
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positive input terminal of the operational amplifier, and
the first reference voltage is input into a negative input
terminal of the operational amplifier, thereby generating
the pulse signal,

wherein the brightness adjusting device further comprises
a level shifter provided between the first reference volt-
age generator and the positive input terminal of the
operational amplifier to adjust the first reference voltage,
and

wherein the level shifter adjusts a level of an output voltage
based on resistance values of two resistors that divide the
first reference voltage output of the first reference volt-
age generator, and a resistance value of a resistor used
for a negative feedback to another operational amplifier.

4. A liquid crystal display comprising:

a liquid crystal display unit;

a gate driver applying a gate signal including two types of
gate voltages to a gate line of the liquid crystal display
unit;

a liquid crystal display panel having a data driver that
applies a gray scale voltage to a data line, the gray scale
voltage being selected from a gray scale voltage group
according to desired brightness and reverse control;

a voltage generator that generates the gray scale voltage
group and two types of gate voltages;

a signal controller receiving an RGB image signal and an
input control signal that controls the RGB image signal
being displayed to generate a plurality of control signals
including a dimming synchronization signal, processing
image signals in correspondence with operating condi-
tions of the liquid crystal display unit, and outputting the
control signals;

a lamp including a plurality of discharge tubes;

at least one inverter providing the discharge tubes with an
AC high voltage;

a multiplication circuit receiving and multiplying a dim-
ming synchronization signal to output a multiplication
signal,

a detection circuit connected to the multiplication circuit,
the detection circuit to detect an operation start edge of
the multiplication signal and to generate an output signal
based on the detected operation start edge;

a sawtooth wave generator connected to the detection cir-
cuit to charge or discharge a condenser according to a
signal output from the detection circuit and to generate a
sawtooth wave having a constant amplitude indepen-
dently of a frequency of the multiplication signal;

a first reference voltage generator that generates a first
reference voltage; and

a comparator connected to the sawtooth wave generator to
output a pulse signal by comparing a voltage of the
sawtooth wave with the first reference voltage,

wherein the first reference voltage generator comprises a
circuit that outputs a variable voltage, and the multipli-
cation circuit includes a circuit having a variable multi-
plication ratio, wherein the detection circuit comprises:

a first resistor having a first end receiving an input signal;

a condenser having a first end connected to a second end of
the first resistor;

a diode having an anode connected to a ground and a
cathode connected to a second end of the condenser; and

a second resistor having a first end connected with the
cathode of the diode and the second end of the con-
denser, and a second end connected to the ground.

5. A liquid crystal display comprising:

a liquid crystal display unit;



US §,139,019 B2

13

a gate driver applying a gate signal including two types of
gate voltages to a gate line of the liquid crystal display
unit;

a liquid crystal display panel having a data driver that
applies a gray scale voltage to a data line, the gray scale
voltage being selected from a gray scale voltage group
according to desired brightness and reverse control;

a voltage generator that generates the gray scale voltage
group and two types of gate voltages;

a signal controller receiving an RGB image signal and an
input control signal that controls the RGB image signal
being displayed to generate a plurality of control signals
including a dimming synchronization signal, processing
image signals in correspondence with operating condi-
tions of'the liquid crystal display unit, and outputting the
control signals;

a lamp including a plurality of discharge tubes;

at least one inverter providing the discharge tubes with an
AC high voltage;

a multiplication circuit receiving and multiplying a dim-
ming synchronization signal to output a multiplication
signal;

a detection circuit connected to the multiplication circuit,
the detection circuit to detect an operation start edge of
the multiplication signal and to generate an output signal
based on the detected operation start edge;

a sawtooth wave generator connected to the detection cir-
cuit to charge or discharge a condenser according to a
signal output from the detection circuit and to generate a
sawtooth wave having a constant amplitude indepen-
dently of a frequency of the multiplication signal;

a first reference voltage generator that generates a first
reference voltage; and

a comparator connected to the sawtooth wave generator to
output a pulse signal by comparing a voltage of the
sawtooth wave with the first reference voltage,

wherein the first reference voltage generator comprises a
circuit that outputs a variable voltage, and the multipli-
cation circuit includes a circuit having a variable multi-
plication ratio, wherein the sawtooth wave generator
comprises:

a second reference voltage generator that generates a sec-
ond reference voltage;

a third reference voltage generator that generates a third
reference voltage;

a voltage control current source that controls an output
voltage based on an input voltage;

a first condenser charged with a current output from the
voltage control current source;

a transistor having a base connected to an output terminal
of the detection circuit, a collector connected to the first
condenser, and an emitter connected to a ground;

afirst operational amplifier having a positive input terminal
receiving a collector voltage of the transistor and a nega-
tive input terminal receiving the second reference volt-
age, the first operational amplifier outputting a signal by
comparing the collector voltage of the transistor with the
second reference voltage;

an integral circuit having a resistor and a second condenser
connected to an output terminal of the first operational
amplifier; and

a second operational amplifier having a positive input ter-
minal receiving an output of the integral circuit and a
negative input terminal receiving the third reference
voltage through a resistor, the second operational ampli-
fier having a negative feedback loop including a resistor
and a condenser that are connected to the output terminal
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in parallel, the output terminal being connected to the
voltage control current source,

wherein the transistor is operated as the detection circuit
outputs a signal so that the first condenser is charged/
discharged and the sawtooth wave is generated at the
collector of the transistor.

6. A liquid crystal display comprising:

a liquid crystal display unit;

a gate driver applying a gate signal including two types of
gate voltages to a gate line of the liquid crystal display
unit;

a liquid crystal display panel having a data driver that
applies a gray scale voltage to a data line, the gray scale
voltage being selected from a gray scale voltage group
according to desired brightness and reverse control;

a voltage generator that generates the gray scale voltage
group and two types of gate voltages;

a signal controller receiving an RGB image signal and an
input control signal that controls the RGB image signal
being displayed to generate a plurality of control signals
including a dimming synchronization signal, processing
image signals in correspondence with operating condi-
tions of the liquid crystal display unit, and outputting the
control signals;

a lamp including a plurality of discharge tubes;

at least one inverter providing the discharge tubes with an
AC high voltage;

a multiplication circuit receiving and multiplying a dim-
ming synchronization signal to output a multiplication
signal,

a detection circuit connected to the multiplication circuit,
the detection circuit to detect an operation start edge of
the multiplication signal and to generate an output signal
based on the detected operation start edge;

a sawtooth wave generator connected to the detection cir-
cuit to charge or discharge a condenser according to a
signal output from the detection circuit and to generate a
sawtooth wave having a constant amplitude indepen-
dently of a frequency of the multiplication signal;

a first reference voltage generator that generates a first
reference voltage; and

a comparator connected to the sawtooth wave generator to
output a pulse signal by comparing a voltage of the
sawtooth wave with the first reference voltage,

wherein the first reference voltage generator comprises a
circuit that outputs a variable voltage, and the multipli-
cation circuit includes a circuit having a variable multi-
plication ratio,

wherein the comparator, which outputs the pulse signal by
comparing the voltage of the sawtooth wave with the
first reference voltage, comprises an operational ampli-
fier, the voltage of the sawtooth wave is input into a
positive input terminal of the operational amplifier, and
the first reference voltage is input into a negative input
terminal of the operational amplifier, thereby generating
the pulse signal,

wherein liquid crystal display further comprises a level
shifter provided between the first reference voltage gen-
erator and the positive input terminal of the operational
amplifier to adjust the first reference voltage, and

wherein the level shifter adjusts a level of an output voltage
based onresistance values of two resistors that divide the
first reference voltage output of the first reference volt-
age generator, and a resistance value of a resistor used
for a negative feedback to another operational amplifier.
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