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sponse to the first power supply control signal, and an
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from the inverter controller. The first power supply con-
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a comparison voltage signal with a reference signal, a
switch unit being turned on or off in response to the
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tor, and a constant voltage generator providing a con-
stant voltage signal as the first power supply control sig-
nal to the inverter controller. A liquid crystal display de-
vice has a timing controller, gate and data drivers, a dis-
play panel, a lamp unit, and the power supply system
for providing electric power to the lamp unit.
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Description

[0001] The present invention relates to a power sup-
ply system and an image display device, more particu-
larly, to a power supply system for driving a lamp unit
without occurrence of over-current and a liquid crystal
display (LCD) device employing the power supply sys-
tem.

[0002] Ingeneral, LCD devices include aliquid crystal
module having a liquid crystal panel, data drivers, gate
drivers, and a backlight unit. Since liquid crystal in an
LCD device does not emit light by itself, a light generat-
ing component such as a backlight unit is necessitated
in the LCD devices to display images. The backlight unit
typically has at least one lamp generating light.

[0003] The LCD devices also include an inverter for
driving lamps in the backlight unit. In an LCD device for
a TV receiver, the current consumption for backlighting
the LCD device amounts to several tens to several hun-
dreds watts. In this case, instantaneous over-current (or
"inrush current") flows inner circuits when a power sup-
ply voltage signal is applied to a power supply circuit of
the LCD device. To prevent the inrush current, slow start
circuit is generally used in the conventional LCD devic-
es.

[0004] FIG. 16is a graphical view of signal waveforms
of an inrush current signal and a power supply voltage
signal in a conventional power supply system for LCD
devices. In the conventional power supply system for
LCD devices, there have been such drawbacks that an
inverter of the power supply system is provided with a
turn-on signal even when the power supply voltage sig-
nal is below a predetermined voltage level enough to
appropriately operate the inverter. In this case, if the in-
verteris turned on when the power supply voltage signal
has a value below the predetermined voltage level, con-
siderable amount of current is required to make constant
current flow lamps in an LCD device. This results in oc-
currence of the inrush current that often causes a fuse
open-circuited.

[0005] The power supply voltage signal may also be
lowered or interrupted momentarily besides the initial
stage of applying the power supply voltage signal to the
inverter. For example, when a failure of power supply
occurs for a time period such as several milliseconds,
an inverter controller allows inrush current to be sup-
plied to make constant current flow the lamps. As a re-
sult, the inverter controller is often shut down and also
remains at the shutdown state even when the power
supply voltage signal is recovered to a normal level.
[0006] In a direct-type backlight system in which mul-
tiple lamps are driven in parallel using one inverter, the
conventional power supply system has problems such
that all the lamps connected to the inverter are turned
off even when only one of the lamps fails.

[0007] FIG. 17 is agraphical view of signal waveforms
of a lamp-on signal and a power supply voltage signal
in a conventional power supply system for LCD devices.
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As shown in FIG. 17, when the lamp-on signal is applied
to a lamp, the lamp is turned on in several hundreds of
milliseconds. Thus, a transient time period is necessi-
tated before the lamp becomes a normal on-state. Dur-
ing the transient time period, the lamp is recognized as
being in off-state. As a result, all the lamps are errone-
ously turned off in the transient time period. Also, when
pulse width modulation (PWM) dimming is performed for
lamp luminance control, a lamp-on detection signal cor-
responding to a PWM dimming signal may cause an er-
roneous recognition of the lamp in a low-level period.
[0008] Therefore, a need exists for a power supply
system which provides prevention of such an erroneous
recognition of lamp-on/off state and erroneous shutting
down of the inverter controller. Further, it will be advan-
tageous to provide an LCD device having such a power
supply system.

[0009] Inoneembodiment, a power supply system for
providing electric power to a selected component in-
cludes a power supply unit that generates a power sup-
ply voltage signal, a voltage controller that receives the
power supply voltage signal and an on/off control signal
for controlling on/off state of the selected component,
the voltage controller generating a first power supply
control signal in response to the power supply voltage
signal and the on/off control signal, an inverter controller
that is driven responsive to the first power supply control
signal, and an inverter that drives the selected compo-
nent in response to a signal applied from the inverter
controller. The first power supply control signal prevents
the inverter from being shut down due to an unstable
power supply voltage signal supplied from the power
supply unit. Here, the selected componentis a lamp and
the on/off control signal is a lamp-on/off signal to control
on/off state of the lamp. The voltage controller includes
a comparator that compares a comparison voltage sig-
nal with a reference signal and generates an output sig-
nal as a result of the comparison, a switch unit that is
turned on or off in response to the lamp-on/off signal and
the output signal of the comparator, and a constant volt-
age generator that is connected between the switch unit
and the inverter controller and provides a constant volt-
age signal as the first power supply control signal to the
inverter controller. The constant voltage signal has a
voltage level varying based on on/off state of the switch
unit.

[0010] The comparatorincludes an OP-amp having a
positive terminal to receive the comparison voltage sig-
nal and a negative terminal to received the reference
signal. The power supply voltage signal from the power
supply unit is divided by the resistors connected to the
positive terminal of the OP-amp and provided to the pos-
itive terminal as the comparison voltage signal. The
power supply voltage signal is divided by a resistor and
a diode connected to the negative terminal of the OP-
amp and provided to the negative terminal as the refer-
ence signal. The comparator further includes another di-
ode having a cathode connected to an output terminal
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of the OP AMP and an anode connected to an input
node of the switch unit.

[0011] In another embodiment, a power supply sys-
tem for providing electric power to a selected compo-
nentincludes a power supply unit that generates a pow-
er supply voltage signal, a sensor that detects on/off
state of the selected component to generate a detection
signal varying based on the on/off state of the selected
component, a detection signal controller that receives
the detection signal and an on/off control signal for con-
trolling on/off state of the selected component and gen-
erates a second power supply control signal in response
to the detection signal and the on/off control signal, an
inverter controller that is driven in response to the sec-
ond power supply control signal, and an inverter that
drives the selected component in response to a control
signal from the inverter controller. The second power
supply control signal prevents the inverter from being
shut down at an initial on-period or a low-level period of
the detection signal. Here, the selected component is a
lamp, the on/off control signal is a lamp-on/off signal to
control on/off state of the lamp, the sensor is a lamp sen-
sor that detects on/off state of the lamp, and the detec-
tion signal is a lamp-on detection signal representing the
on-state of the lamp.

[0012] The detection signal controller includes a first
multi-vibrating unit that generates an output signal in re-
sponse to a lamp-on signal to turn on the lamp, in which
the output signal of the first multi-vibrating unit maintains
a high level during an initial period of the lamp-on signal,
a second multi-vibrating unit that generates an output
signal in response to the lamp-on detection signal, in
which the output signal of the second multi-vibrating unit
maintains a high level during a low-level period of the
lamp-on detection signal, and an arithmetic logic unit
that performs a logic operation with respect to the output
signals of the first and second multi-vibrating units and
generates an output signal as a result of the logic oper-
ation to the inverter controller.

[0013] In another embodiment, the detection signal
controller includes a multi-vibrating unit that generates
an output signal in response to a lamp-on signal to turn
on the lamp, in which the output signal of the multi-vi-
brating unit maintains a high level during an initial period
of the lamp-on signal, a low pass filter that generates an
output signal in response to the lamp-on detection sig-
nal, in which the output signal of the low pass filter is
obtained by eliminating a low level of the lamp-on de-
tection signal, and an arithmetic logic unit that performs
a logic operation with respect to the output signals of the
multi-vibrating unit and the low pass filter and generates
an output signal as a result of the logic operation to the
inverter controller.

[0014] In further embodiment, a liquid crystal display
device includes a timing controller that receives control
signals and image signals externally provided to gener-
ate first to third timing signals, a gate driver that gener-
ates gate-on/off signals in response to the first timing
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signal, a data driver that generates data voltage signals
corresponding to the image signals in response to the
second timing signal, a display panel having data and
gate lines and switching elements, for displaying images
in response to the gate-on/off signals and the data volt-
age signals, a lamp unit that provides light to the display
panel, and the power supply system above mentioned.
[0015] These and other features and advantages of
the present invention will become apparent from the fol-
lowing detailed description of illustrative embodiments
thereof, which is to be read in connection with the ac-
companying drawings.

[0016] The above and other features and advantage
points of the present invention will become more appar-
ent by describing in detailed exemplary embodiments
thereof with reference to the accompanying drawings,
in which:

FIG. 1A is a diagram of an LCD device according
to an embodiment of the present invention;

FIG. 1B is a diagram of an LCD device according
to another embodiment of the present invention;
FIG. 2 is a block diagram for explaining operation
of an LCD device according to an embodiment of
the present invention;

FIG. 3 is a circuit diagram of a voltage controller in
FIG. 2 according to an embodiment of the present
invention;

FIG. 4 is a graphical view of signal waveforms of a
power supply voltage signal and input voltage sig-
nals of an OP-AMP and an inverter controller in FIG.
4;

FIG. 5 a graphical view of signal waveforms for de-
scribing switching operation of the voltage control-
lerin FIG. 3;

FIG. 6 a graphical view of signal waveforms for de-
scribing switching operation of the voltage control-
ler in FIG. 3 according to another embodiment of
the present invention;

FIG. 7 a graphical view of signal waveforms of the
power supply voltage signal and output signals of
the voltage controller;

FIG. 8 is a block diagram of an LCD device accord-
ing to another embodiment of the present invention;
FIG. 9 is a schematic diagram illustrating a direct-
type backlight system installed in the LCD device in
FIG. §;

FIG. 10 is a block diagram of a detection signal con-
troller in FIG. 8 according to an embodiment of the
present invention;

FIG. 11 is a circuit diagram of the detection signal
controller in FIG. 10;

FIG. 12 is a graphical view of signal waveforms of
the signals in the detection signal controller in FIG.
10;

FIG. 13 is a block diagram of a detection signal con-
troller in FIG. 8 according to another embodiment
of the present invention;
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FIG. 14 is a circuit diagram of the detection signal
controller in FIG. 13;

FIG. 15 is a graphical view of signal waveforms of
input and output signals of a low pass filter in FIG.
13;

FIG. 16 is a graphical view of signal waveforms of
an inrush current signal and a power supply voltage
signal in a conventional power supply system; and
FIG. 17 is a graphical view of signal waveforms of
a lamp-on signal and a power supply voltage signal
in a conventional power supply system.

[0017] Advantages and features of the present inven-
tion and methods for achieving the same will become
apparent upon reference to the embodiments of the in-
vention that follow with the accompanying drawings.
This invention may be embodied in many different forms
and should not be construed as being limited to the em-
bodiments set forth herein; rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the concept of the inven-
tion to those skilled in the art. The scope of the invention
is defined only by the appended claims. The same ref-
erence numerals across the entire document represent
the same element.

[0018] FIG. 1A is a diagram of a liquid crystal display
(LCD) device according to one embodiment of the
present invention, and FIG. 1B is a diagram of an LCD
device according to another embodiment of the present
invention. Referring to FIG. 1A, the LCD device includes
a display module and a backlight unit. The display mod-
ule includes a liquid crystal panel 400 having liquid crys-
tal disposed between two substrates (e.g., glass sub-
strates), gate and data drivers 200 and 300 for driving
the liquid crystal panel 400, and a timing controller 100
for generating control signals that control the drivers 200
and 300. The backlight unit includes lamps 500, a re-
flection plate 510, and a power supply system 900 that
supplies a high voltage for driving the lamps 500. The
backlight unit of this embodiment employs a direct-type
lamp structure in which the lamps 500 are mounted un-
der optical plates such as the reflection plate 510.
[0019] Referring to FIG. 1B, the same parts as those
shown in FIG. 1A are represented with like reference
numerals and their explanation will be omitted to avoid
description duplication. In FIG. 1B, the backlight unit of
this embodiment adopts an edge-type lamp structure in
which a lamp 500 is disposed at the side of the optical
plate(s) such as the reflection plate 510, It should be
noted that although the embodiments of FIGS. 1A and
1B employ the reflection plate 510, it may not be em-
ployed in other embodiments.

[0020] FIG. 2 is a block diagram for explaining oper-
ation of an LCD device according to an embodiment of
the present invention. In this embodiment, the timing
controller 100 receives image signals R, G and B, a ver-
tical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, a main clock MCLK, and a data
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enable signal DE from an external graphic controller (not
shown). The timing controller 100 generates first
through third timing signals C1, C2, and C3 for control-
ling display of images using the image signals R, G and
B and the vertical and horizontal synchronization signals
Vsync and Hsync. The first timing signal C1 is provided
to the gate driver 200, the second timing signal C2 is
provided to the data driver 300 together with the image
signals R, G and B, and the third timing signal C3 is pro-
vided to the voltage controller 700.

[0021] The first timing signal C1 includes a gate se-
lection signal that controls output of a gate on/off signal,
a vertical synchronization start signal for selection of a
first gate line, and an output enable signal. The second
timing signal C2 includes a load signal that is provided
to the data driver 300 after transmission of the image
signals R, G and B, a horizontal synchronization start
signal indicating start of gate lines, and a data selection
signal. The third timing signal C3 includes a lamp-on/off
signal.

[0022] The gate driver 200 receives the gate selection
signal and the vertical synchronization start signal from
the timing controller 100 and applies the gate on/off sig-
nals G1,G2, ... Gnto gate lines of the liquid crystal panel
400 in sequence.

[0023] The datadriver 300 receives the image signals
R, G and B from the timing controller 100, stores the
image signals R, G, B in a shift register (not shown),
converts the image signals R, G, B to voltage signals
corresponding to the image signals R, G and B when
the horizontal synchronization start signal is applied to
the data driver. The data driver 300 provides the con-
verted signals to data lines of the liquid crystal panel
400. When the horizontal synchronization start signal
corresponding to each of the first through last gate lines
is inputted, the corresponding image signals R, G and
B are delivered to the liquid crystal panel 400.

[0024] Theliquid crystal panel 400 includes pixel elec-
trodes, the gate and data lines, and switching elements.
As the gate-on/off signals G1, G2, ... Gn from the gate
driver 200 are applied to pixels, corresponding pixel
electrodes are driven in response to the data voltage
signals D1, D2, ... Dn from the data driver 300 so that
the display panel 400 displays images.

[0025] The lamp 500 supplies light to the back of the
liquid crystal panel 400. The lamp 500 may be imple-
mented with, for example, a cold cathode fluorescence
lamp (CCFL) or an external electrode fluorescence lamp
(EEFL). The lamp 100 has one of different types of struc-
ture, such as the edge-type lamp structure in which a
single lamp is disposed at a side of the panel 400 or a
direct-type lamp structure in which multiple lamps are
disposed under the panel 400.

[0026] The power supply system 900 includes a pow-
er supply unit 910, a voltage controller 700, an inverter
controller 800 and an inverter 600. The power supply
unit 910 provides a voltage signal of a predetermined
DC voltage level to the voltage controller 700. The volt-
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age controller 700 receives the lamp-on/off signal from
the timing controller 100 and the voltage signal from the
power supply unit 910 and provides a first power supply
control signal to the inverter controller 800. In this em-
bodiment, the voltage controller 700 prevents a voltage
signal from being applied to the inverter controller 800
when a voltage signal interrupted for about several tens
of milliseconds or a voltage signal with noise is provided
from the power supply unit 910. Accordingly, the inverter
600 is prevented from being shut down due to an inrush
current. In other words, the voltage controller 700 pre-
vents occurrence of an inrush current at the initial stage.
The inverter controller 800, driven responsive to the first
power supply control signal applied from the voltage
controller 700, provides a control signal to the inverter
600. The inverter 600 converts a DC voltage signal into
an AC voltage signal and applies the AC voltage signal
to the lamp 500 for driving the lamp 500 according to
the control signal from the inverter controller 800.
[0027] Now, the voltage controller 700 will be de-
scribed in detail with reference to FIG. 3. Referring to
FIG. 3, the voltage controller 700 of the LCD device ac-
cording to one embodiment of the present invention in-
cludes a comparator 710, a switch unit 720, and a con-
stant voltage generator 730. The comparator 710 in-
cludes an OP-AMP (OP), a capacitor C, a first Zener
diode ZD1, resistors R1, R2, R3, R4, R5, and a diode
D. The comparator receives the power supply voltage
signal Vin at its first node that is electrically connected
to an output of the power supply unit 910. The first re-
sistor R1 and the first Zener diode ZD1 are connected
in series between the first node and the ground. The
second and third resistors R2, R3 are connected in se-
ries between the first node and the ground. In the
OP-AMP (OP), a voltage signal divided by the first re-
sistor R1 and the first Zener diode ZD1 is provided to its
negative (-) input terminal, and a voltage divided by the
second and third resistors R2 and R3 is provided to its
positive (+) input terminal. The capacitor C has one end
connected to the first node and the other end to the
ground. The capacitor C is for assisting in operation of
the OP-AMP (OP) especially when the power supply
voltage signal Vin is momentarily interrupted. For exam-
ple, the OP-AMP (OP) operates until the charged volt-
age of the capacitor C is discharged in case of any in-
terruption in the power supply voltage signal Vin. The
output terminal of the OP-AMP (OP) is connected to a
second node of the comparator 710. The fourth resistor
R4 is connected between the positive (+) input terminal
and the second node, so that the positive (+) input ter-
minal and output terminal of the OP-AMP (OP) are con-
nected to each other through the fourth resistor R4. The
fifth resistor R5 is connected between the first and sec-
ond nodes of the comparator 710. The cathode of the
diode D is connected to the second node and the anode
thereof is connected to the switch unit 720.

[0028] The switch unit 720 includes sixth to ninth re-
sistors R6, R7, R8, R9, and first and second transistors
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Q1, Q2. The lamp on/off signal SWis divided by the sixth
and seventh resistors R6, R7, and the divided voltage
signal is applied to the base terminal of the first transis-
tor Q1. The emitter terminal of the first transistor Q1 is
grounded through the ninth resistor R9, and the collector
terminal thereof is connected to the base terminal of the
second transistor Q2 through the eighth resistor R8. The
emitter terminal of the second transistor Q2 is connect-
ed to the first node of the comparator 710, and the col-
lector terminal thereof is connected to the constant volt-
age generator 730. In this embodiment, for example, the
first and second transistors Q1, Q2 are implemented
with an npn-type transistor and a pnp-type transistor, re-
spectively.

[0029] The constant voltage generator 730 includes
tenth and eleventh resistors R10, R11, a third transistor
Q3, and a second Zener diode ZD2. The tenth resistor
R10 has one end connected to the collector terminal of
the second transistor Q2 and the other end connected
to the collector terminal of the third transistor Q3. A volt-
age signal divided by the eleventh resistor R11 and the
second Zener diode ZD2 is applied to the base terminal
of the third transistor Q3, and the base and collector ter-
minals of the third transistor Q3 are connected to each
other through the eleventh resistor R11. The emitter ter-
minal of the third transistor Q3 is connected to the in-
verter controller 800. For example, the third transistor
Q3 is implemented with an npn-type transistor. Accord-
ing to this configuration, the constant voltage generator
730 forms an emitter floor.

[0030] The operation ofthe LCD device in FIGS. 2 and
3 will be described in detail with reference to FIG. 4 as
well as FIGS. 2 and 3. FIG. 4 is a graphical view of signal
waveforms of the power supply voltage signal and input
voltage signals of the OP-AMP and the inverter control-
ler 800. As shown in FIG. 4, the power supply voltage
signal Vin has a 14V DC voltage level and is momentar-
ily interrupted. The voltage signal provided to the posi-
tive (+) terminal of the OP-AMP (OP) is also momentarily
interrupted due to the interruption in the power supply
voltage signal Vin, while the voltage signal provided to
the negative (-) terminal of the OP-AMP (OP) maintains
a constant voltage level, for example, 5.6 V. A voltage
signal provided to the inverter controller 800 (i.e., the
first power supply control signal) is also momentarily in-
terrupted due to the interruption in the power supply volt-
age signal Vin.

[0031] In the comparator 710, the power supply volt-
age signal Vin is divided by the first resistor R1 and the
first Zener diode ZD1, and the divided voltage signal is
applied to the negative (-) input terminal of the OP-AMP
(OP). The power supply voltage Vin is also divided by
the second and third resistors R2, R3 and the divided
voltage signal is applied to the positive (+) input terminal
of the OP-AMP (OP). In this embodiment, the voltage
signal provided to the negative (-) input terminal of the
OP-AMP (OP) maintains a constant voltage level (e.g.,
5.6V) by means of the Zener diode ZD1. The voltage
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signal provided to the positive (+) input terminal has a
voltage level proportional to that of the power supply
voltage signal.

[0032] The OP-AMP (OP) compares the positive (+)
terminal voltage signal with the negative (-) terminal volt-
age signal and outputs a low-level voltage signal if the
positive (+) terminal voltage signal has a voltage level
lower than that of the negative (-) terminal voltage sig-
nal. If the positive (+) terminal voltage signal has a volt-
age level higher than that of the negative (-) input volt-
age, the OP-AMP (OP) outputs a high-level voltage sig-
nal.

[0033] The diode D determines on/off state of the first
transistor Q1 in the switch unit 720 in response to the
lamp-on/off signal SW and the output signal of the
OP-AMP (OP). In detail, when the lamp-on/off signal
SW is at a low level (or when the lamp-off signal is pro-
vided), the first transistor Q1 is turned off irrespective of
the output signal of the OP-AMP. For example, even
when the output signal of the OP-AMP (OP) is at a high
level, the first transistor Q1 is not turned on since the
diode D is applied in a reverse bias.

[0034] When the lamp-on/off signal SW is at a high
level (or when the lamp-on signal is provided) and the
output signal of the OP-AMP (OP) is at a high level, the
first transistor Q1 is turned on. When the lamp-on signal
is provided and the output signal of the OP-AMP (OP)
is at a low level, the first transistor Q1 is turned off. In
other words, when the lamp-off signal is provided and
the output signal of the OP-AMP (OP) is at a high level,
the signals are applied to the diode D in a reverse bias
so that the voltage signal divided by the sixth and sev-
enth resistors R6, R7 applied to the base terminal of the
first transistor Q1 turns off the first transistor Q1. Also,
when the lamp-on signal is provided and the output sig-
nal of the OP-AMP (OP) is at a low level, the signals are
applied to the diode D in a forward bias so that no volt-
age signal is applied to the base terminal of the first tran-
sistor Q1. Thus, the first transistor Q1 is turned off. The
first transistor Q1 is turned on when the lamp-on signal
is provided and the output signal of the OP-AMP (OP)
is at a high level.

[0035] When the first transistor Q1 is turned on, the
second transistor Q2 is also turned on. In this case, the
voltage signal applied to the emitter terminal of the sec-
ond transistor Q2 is applied to the constant voltage gen-
erator 730 via the second transistor Q2. Since the con-
stant voltage generator 730 forms an emitter floor, a
constant voltage signal derived from the voltage of the
second Zener diode ZD2 is applied to the emitter termi-
nal of the third transistor Q3 and is then supplied to the
inverter controller 800. Consequently, when the lamp-
on signal is applied and the output signal of the OP-AMP
(OP) is at a high level, the first and second transistors
Q1, Q2 are turned on. Thus, the constant voltage signal
is applied to the inverter controller 800. Even when the
lamp-on signal is applied, the first and second transis-
tors Q1, Q2 are turned off if the output signal of the
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OP-AMP (OP) is at a low level. Thus, the constant volt-
age signal is applied to the inverter controller 800.
[0036] Therefore, if the power supply voltage signal
Vin has a voltage level smaller than that of the negative
(-) terminal voltage signal of the OP-AMP (OP), the
switch unit 720 is turned off so that no voltage signal is
applied to the inverter controller 800. Owing to this op-
eration, no inrush current is generated so that the invert-
er controller 800 is prevented from being shut down due
to inrush current. The negative (-) terminal voltage sig-
nal is a reference voltage signal for determining the out-
put signal of the OP-AMP (OP), which has a voltage lev-
el (e.g., 5.6 V) substantially equal to a threshold voltage
for operating the inverter controller 800. The reference
voltage signal may have a voltage level within a prede-
termined range so that the inverter controller 800 is not
shut down due to excessive inrush current or the power
supply is not interrupted during operation of the inverter.
[0037] FIG. 5is a graphical view of signal waveforms
for describing the switching operation of the voltage con-
troller according to an embodiment of the present inven-
tion, and FIG. 6 is a graphical view of signal waveforms
for describing the switching operation of the voltage con-
troller according to another embodiment of the present
invention. As shown in FIG. 5, only when the power sup-
ply voltage signal has a voltage level higher than the
reference voltage, the switch unit 720 is turned on so
that a constant voltage signal is provided to the inverter
controller 800.

[0038] In the comparator 710, the positive (+) input
terminal and output terminal of the OP-AMP (OP) are
connected through the fourth resistor R4. Accordingly,
the comparator 710 has hysterisis characteristic. Due to
the hysterisis characteristic, when the output signal of
the OP-AMP (OP) is at a low level, the voltage level of
the positive (+) terminal voltage signal is slightly re-
duced. Also, when the output signal of the OP-AMP
(OP) is at a high level, the voltage level of the positive
(+) terminal voltage signal is slightly raised. Also, when
the power supply voltage signal transits from a low level
to a high level, a voltage higher than an actual voltage
is set as a first reference voltage, and when the power
supply voltage signal transits from a high level to a low
level, a voltage lower than the actual voltage is set as a
second reference voltage. Thus, the first and second
reference voltages are set as shown in FIG. 6. The first
and second reference voltages have a constant voltage
level. The first and second reference voltages are ap-
plied at rise and fall edges of the power supply voltage
signal. For example, the switch unit 720 is turned on
when the power supply voltage signal Vin has a voltage
level higher than the first reference voltage at the rise
edge of the power supply voltage signal Vin, and turned
off when the power supply voltage signal Vin has a volt-
age level lower than the second reference voltage at the
fall edge of the power supply voltage signal Vin.

[0039] FIG. 7 is a graphical view of signal waveforms
of the power supply voltage signal and output signals of
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the voltage controller. Referring to FIG. 7, when the pow-
er supply voltage signal has noise, the voltage controller
generates a different output signal depending on the ref-
erence voltage signal of the comparator 710. When the
power supply voltage signal fluctuates in an unsteady
state, chattering may occur at the output terminal of the
voltage controller when a single reference voltage is set
for the comparator 710. For example, if the second ref-
erence voltage is set as a single threshold, there is a
period in which the power supply voltage signal fluctu-
ates with respect to the second reference voltage so that
the chattering occurs as shown in waveform A of FIG.
7. As a result, the switch unit 710 is repeatedly turned
on and off. In contrast, when the first and second refer-
ence voltages are set, the inverter controller generates
a constant voltage signal with an interruption but without
chattering.

[0040] A description of an LCD device according to
another embodiment of the present invention follows.
FIG. 8 is a block diagram of the LCD device according
to another embodiment of the present invention. In FIG
8, the same parts as those shown in FIG. 2 are repre-
sented with like reference numerals and their explana-
tion will be omitted to avoid description duplication. The
LCD device of this embodiment includes the timing con-
troller 100, the gate and data drivers 200 and 300, the
liquid crystal panel 400, and lamp 500. The LCD device
also includes a power supply system 950 for driving the
lamp 500. The LCD device in FIG. 8 has the substan-
tially same configuration as that of the embodiment in
FIG. 2 except for the power supply system 950.

[0041] In this embodiment, the power supply system
950 includes a power supply unit 910, a detection signal
controller 960, a lamp sensor 970, an inverter controller
800, and an inverter 600. The power supply unit 910,
the inverter controller 800 and the inverter 600 of this
embodiment may be substantially identical with those of
the embodimentin FIGS. 2 and 3. The power supply unit
910 provides a power supply voltage signal having a
predetermined DC voltage level to the detection signal
controller 960. The lamp sensor 970 includes one or
more sensors each disposed corresponding to the re-
spective lamps. The sensors each provide a lamp-on
detection signal to the detection signal controller 960
when a sensor senses the on-state of a corresponding
lamp. For example, the lamp-on detection signal has an
amplitude proportional to the amount of current flowing
a lamp detected. The lamp sensor 970 may assist such
an operation that when any one of the lamps is not
turned on, all the lamps are turned off.

[0042] The detection signal controller 960 receives
the lamp-on signal from the timing controller 100 and
the lamp-on detection signal from the lamp sensor 970
along with the power supply voltage signal from the pow-
er supply unit 910, and generates a second power sup-
ply control signal to the inverter controller 800. Itis noted
that the lamp-on signal may be an external signal, rather
than a signal provided from the timing controller 100.
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Also, in case that the lamp-on detection signal has a
pulse width modulation (PWM) dimming type, the power
supply system 950 allows the inverter controller 800 to
operate normally without being shut down at a low-level
period or an initial period of the lamp-on detection signal.
[0043] The inverter controller 800 operates in re-
sponse to the second power supply control signal from
the detection signal controller 960 and provides a con-
trol signal to the inverter 600. The inverter 600 drives
the lamp 500 according to the control signal from the
inverter controller 800. The inverter 600 converts an ap-
plied DC voltage signal into an AC voltage signal and
applies the converted signal to the lamp 500.

[0044] FIG. 9is a schematic diagram illustrating a di-
rect-type backlight system installed in the LCD device
shown in FIG. 8. The lamps 500 may be arranged in the
direct-type and are driven in parallel using a single in-
verter 600.

[0045] FIG. 10is a block diagram of the detection sig-
nal controller in FIG. 8 according to an embodiment of
the present invention, and FIG. 11 is a circuit diagram
of the detection signal controller in FIG. 10. A detailed
description of the detection signal controller 960 follows
with reference to FIGS. 10 and 11. The detection signal
controller 960 of this embodiment includes first and sec-
ond multi-vibrating units 962, 964 and an arithmetic logic
unit 966. The first multi-vibrating unit 962 includes a first
multi-vibrator 961 that receives the lamp-on signal at its
rising edge trigger terminal and supplies an output sig-
nal A to the arithmetic logic unit 966. The first multi-vi-
brator 961 is, for example, a mono-stable multi-vibrator.
[0046] The second multi-vibrating part 964 includes a
second multi-vibrator 963, and first through third NOR
circuits 965, 967, 968. The second multi-vibrator 963 re-
ceives the lamp-on detection signal from the lamp sen-
sor 970 at the rising edge trigger terminal, and supplies
the output signal to the second NOR circuit 967. The
second multi-vibrator 963 is, for example, a mono-stable
multi-vibrator. The first NOR circuit 965 receives the
lamp-on detection signal from the lamp sensor 970 at
one input terminal, and generates the output signal to
the second NOR circuit 967. The first NOR circuit 965
has the other input terminal grounded. The second NOR
circuit 967 receives the output signal of the second mul-
ti-vibrator 963 and the output signal of the first NOR cir-
cuit 965, and provides a result signal of its NOR opera-
tion to the third NOR circuit 968. The third NOR circuit
968 receives the output signal of the second NOR circuit
967 at its two input terminals; and provides an output
signal B to the arithmetic logic unit 966. The arithmetic
logic unit 966 includes an OR circuit 969 that receives
the output signals of the first and second multi-vibrating
units 962, 964 at its two input terminals, and provides
an output signal C to the inverter controller 800.

[0047] Itshould be noted that the firstand second mul-
ti-vibrating units 962, 964 and the arithmetic logic unit
966 of this embodiment may be implemented with dif-
ferent logic circuits. For example, the arithmetic logic
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unit 966 may be implemented with a NOR circuit. Also,
the second multi-vibrating unit 964 may be implemented
with OR and invert circuits instead of the NOR circuit.
[0048] FIG. 12is a graphical view of signal waveforms
of the signals in the detection signal controller 960 in
FIGS. 10 and 11. The operation of the detection signal
controller 960 will be described in detail referring to FIG.
12 as well as FIGS. 10 and 11. As shown in FIG. 12, the
waveform of the lamp-on detection signal has a pulse-
like waveform in association with a pulse width modula-
tion (PWM) dimming signal. In an initial on-period based
on the lamp-on signal, the lamp-on detection signal
does not reach for a time period T1 a threshold value at
which a lamp is determined to be on-state. In the con-
ventional power supply system, an inverter controller
would erroneously determine based on the lamp-on de-
tection signal that the lamp is not turned on during the
initial on-period (i.e., time period T1). Even after the in-
itial on-period, the inverter controller would still errone-
ously determine that the lamp is not turned on during a
low-level period of the PWM Dimming signal.

[0049] Such problems are solved by the power supply
system of the present invention, in which the lamp-on
detection signal applied to the inverter controller 800 is
processed by the detection signal controller 960 so that
correct detection of the lamp-on state is performed. In
detail, the pulse-like lamp-on detection signal is applied
to the rising edge trigger terminal of the second multi-
vibrator 963, so that the second multi-vibrating unit 964
has the output signal with a long pulse due to the intrinsic
characteristic of the mono-stable multi-vibrator 963.
[0050] Onthe other hand, if the lamp-on detection sig-
nal has a waveform of a 100% dimming signal without
a rising edge, the output signal of the second multi-vi-
brator 963 has a low level. In the lamp-on detection sig-
nal without a rising edge, e.g., a signal maintained at an
inverted output level derived from 100% dimming signal,
the lamp-on detection signal is applied to both the sec-
ond multi-vibrator 963 and to the first NOR circuit 965
of which the other input terminal is grounded. The sec-
ond NOR circuit 967 outputs a low-level signal when one
of the output signal of the second multi-vibrator 963 and
the output signal of the first NOR circuit 965 is at a high
level. Since the third NOR circuit 968 inverts the output
signal of the second NOR circuit 967 and outputs the
inverted signal, the second multi-vibrating unit 964 out-
puts a high-level signal when the lamp is turned on.
[0051] The first multi-vibrator 961 receives the lamp-
on signal at its rising edge trigger terminal during an in-
itial lamp-on period, and maintains the output signal A
of the first multi-vibrator 961 at a high level for about
280ms to about 320ms. For example, the output signal
A of the first multi-vibrator 961 may be maintained at a
high level during the period longer than a transient time
in the initial lamp-on period. The output signal C of the
arithmetic logic unit 966 is at a high level when at least
one of the output signal B of the second multi-vibrating
part 964 and the output signal A of the first multi-vibrat-
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ing part 962 is at a high level.

[0052] In this embodiment, the output signal A of the
first multi-vibrating unit 962 maintains a high level during
the initial lamp-on period, and the output signal B of the
second multi-vibrating unit 964 maintains a high level
during a low-level period of the lamp-on detection signal
(i.e., PWM Dimming signal). Then, the arithmetic logic
unit 966 performs the OR operation with respect to the
output signals of the first and second multi-vibrating
units 962 and 964. As a result, the arithmetic logic unit
966 generates the output signal C with a high level even
at the initial lamp-on period and the low-level period of
the lamp-on detection signal. Thus, the power supply
system of the present invention prevents the erroneous
recognition of lamp-on/off state at the initial lamp-on pe-
riod and the low-level period of the PWM dimming sig-
nal.

[0053] FIG. 13is ablock diagram of a detection signal
controller of the LCD device according to another em-
bodiment of the present invention, and FIG. 14 is a cir-
cuit diagram of the detection signal controller in FIG. 13.
Referring to FIGS. 13 and 14, the detection signal con-
troller 980 includes a first multi-vibrating unit 982, a low
pass filter 984, and an arithmetic logic unit 986. In this
embodiment, the first multi-vibrating unit 982 and the
arithmetic logic unit 986 have the substantially same
configuration as those in the embodiment of FIGS. 10
and 11. Thus, a detailed description of the first multi-
vibrating unit 982 and the arithmetic logic unit 986 will
be omitted. The low pass filter 984 includes resistors R1,
R2 and a capacitor C. The lamp-on detection signal of
the PWM Dimming is eliminated by the low pass filter
984.

[0054] FIG. 15is a graphical view of signal waveforms
of input and output signals of the low pass filter 984 in
FIG. 14. As shownin FIG. 15, the lamp-on detection sig-
nal is a pulse signal (or PWM signal) having low and
high levels, and the low-pass filtered signal maintains a
high level even at the low-level period of the lamp-on
detection signal. The low pass filter 984 receives the
lamp-on detection signal from the lamp sensor and gen-
erates the low-pass filtered signal to the arithmetic logic
unit 986. The low-pass filtered signal of the low pass
filter 984 is similar to the output signal B of the second
multi-vibrating unit 964 in FIG. 11. Thus, the detection
signal controller 980 has substantially the same effect
as that of the embodiment in FIG. 11.

[0055] While the present invention has been particu-
larly shown and described with reference to the above
embodiments, it will be understood by those of ordinary
skill in the art that various changes in form and details
may be made therein without departing from the scope
of the present invention as defined by the following
claims.

[0056] For example, while the circuit implemented
with a bipolar-junction transistor has been described in
one embodiment of the invention, it is noted that the
power supply embodying the invention is suited and
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adopted to an active-type switching element as well.

Claims

A power supply system for providing electric power
to a selected component, comprising:

a power supply unit that generates a power
supply voltage signal;

a voltage controller that receives the power
supply voltage signal and an on/off control sig-
nal for controlling on/off state of the selected
component, the voltage controller generating a
first power supply control signal in response to
the power supply voltage signal and the on/off
control signal;

an inverter controller that is driven responsive
to the first power supply control signal; and

an inverter that drives the selected component
in response to a signal applied from the inverter
controller,

wherein the first power supply control signal
prevents the inverter from being shut down due to
an unstable power supply voltage signal supplied
from the power supply unit.

The power supply system of claim 1, wherein the
selected component is a lamp and the on/off control
signal is a lamp-on/off signal to control on/off state
of the lamp.

The power supply system of claim 2, wherein the
voltage controller comprises:

a comparator that compares a comparison volt-
age signal with a reference signal, the compar-
ison voltage signal having a voltage level pro-
portional to a voltage level of the power supply
voltage signal, the comparator generating an
output signal as a result of the comparing the
comparison voltage signal with the reference
signal;

a switch unit that is turned on or off in response
to the lamp-on/off signal and the output signal
of the comparator; and

a constant voltage generator that is connected
between the switch unit and the inverter con-
troller and provides a constant voltage signal
as the first power supply control signal to the
inverter controller, the constant voltage signal
having a voltage level varying based on on/off
state of the switch unit.

4. The power supply system of claim 3, wherein the

reference signal has a voltage level substantially
equal to a threshold voltage to operate the inverter
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10.

1.

12.

controller.

The power supply system of claim 3 or 4, wherein
the comparator compares the comparison voltage
signal with a first reference voltage at a rise edge
of the comparison voltage signal, and with a second
reference voltage at a fall edge of the comparison
voltage signal, the first reference voltage being
higher than the second reference voltage.

The power supply system of claim 3, 4 or 5, wherein
the switch unit is turned on when the lamp-on/off
signal is at a high level to turn on the lamp and the
comparison voltage signal is higher than the refer-
ence signal.

The power supply system of any of claims 3 to 6,
wherein the switch unit is turned off when the lamp-
on/off signal is at a high level to turn on the lamp
and the comparison voltage signal is lower than the
reference signal.

The power supply system of any of claims 3 to 6,
wherein the switch unit is turned off when the lamp-
on/off signal is at a low level to turn off the lamp.

The power supply system of any of claims 3 to 8,
wherein the comparator comprises:

an OP-amp having a positive terminal to re-
ceive the comparison voltage signal and a neg-
ative terminal to receive the reference signal;
first and second resistors connected to the pos-
itive terminal of the OP-amp in parallel, the
power supply voltage signal from the power
supply unit being divided by the firstand second
resistors and provided to the positive terminal
as the comparison voltage signal; and

a third resistor and a first diode connected to
the negative terminal of the OP-amp in parallel,
the power supply voltage signal being divided
by the third resistor and the first diode and pro-
vided to the negative terminal as the reference
signal.

The power supply system of claim 9, wherein the
comparator further includes a capacitor connected
between the third resistor and the ground, the ca-
pacitor being charged and discharged in response
to the power supply voltage signal.

The power supply system of claim 9 or 10, wherein
the first diode is a Zener diode to provide a constant
voltage level to the negative terminal of the OP-
amp.

The power supply system of claim 9, 10 or 11,
wherein the comparator further includes a fourth re-
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sistor connected between the positive terminal and
an output terminal of the OP AMP to provide hys-
terisis characteristic to the comparator.

The power supply system of any of claims 9 to 12,
wherein the comparator further includes a second
diode having a cathode connected to an output ter-
minal of the OP AMP and an anode connected to
an input node of the switch unit.

The power supply system of any of claims 3 to 13,
wherein the switch unit comprises:

an input node to which the lamp-on/off signal
and the output signal of the comparator are pro-
vided,;

a first switch element that is turned on or off in
response to the lamp-on/off signal and the out-
put signal of the comparator provided via the
input node; and

a second switch element that is turned on or off
based on an on/off state of the first switch ele-
ment, the second switch element has a conduc-
tion path to provide the power supply voltage
signal to the constant voltage generator.

The power supply system of claim 14, wherein the
switch unit further includes fifth and sixth resistors
connected to the first switch element in parallel, the
lamp-on/off signal being divided by the fifth and
sixth resistors and provided to the first switch ele-
ment.

The power supply system of claim 14 or 15, wherein
the first and second switch elements are bipolar
transistors.

The power supply system of any of claims 3 to 16,
wherein the constant voltage generator forms an
emitter follower.

The power supply system of claim 17, wherein the
constant voltage generator includes:

a third switch element having a conduction path
between the switch unit and the inverter con-
troller; and

a second diode commonly connected to an out-
put terminal of the switch unit and a control ter-
minal of the third switch.

The power supply system of claim 18, wherein third
switch element is a bipolar transistor and the sec-
ond diode is a Zener diode to provide a constant
voltage level to the control terminal of the third
switch.

A power supply system for providing electric power
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to a selected component, comprising:

a power supply unit that generates a power
supply voltage signal;

a sensor that detects on/off state of the selected
component to generate a detection signal var-
ying based on the on/off state of the selected
component;

a detection signal controller that receives the
detection signal and an on/off control signal for
controlling on/off state of the selected compo-
nent, the detection signal controller generating
a second power supply control signal in re-
sponse to the detection signal and the on/off
control signal;

an inverter controller that is driven responsive
to the second power supply control signal; and
an inverter that drives the selected component
in response to a signal applied from the inverter
controller,

wherein the second power supply control sig-
nal prevents the inverter from being shut down at
an initial on-period or a low-level period of the de-
tection signal.

The power supply system of claim 20, wherein the
selected component is a lamp and the on/off control
signal is a lamp-on/off signal to control on/off state
of the lamp.

The power supply system of claim 21, wherein the
sensor is a lamp sensor that detects on/off state of
the lamp, and the detection signal is a lamp-on de-
tection signal representing the on-state of the lamp.

The power supply system of claim 22, wherein the
detection signal controller comprises:

a first multi-vibrating unit that generates an out-
put signal in response to a lamp-on signal to
turn on the lamp, the output signal of the first
multi-vibrating unit maintaining a high level dur-
ing an initial period of the lamp-on signal;

a second multi-vibrating unit that generates an
output signal in response to the lamp-on detec-
tion signal, the output signal of the second mul-
ti-vibrating unit maintaining a high level during
a low-level period of the lamp-on detection sig-
nal; and

an arithmetic logic unit that performs a logic op-
eration with respect to the output signals of the
first and second multi-vibrating units and gen-
erates an output signal as a result of the logic
operation to the inverter controller.

The power supply system of claim 23, wherein the
first multi-vibrating unit includes a first multi-vibrator
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that receives the lamp-on signal and generates the
output signal of the first multi-vibrating unit having
a high level.

The power supply system of claim 23 or 24, wherein
the second multi-vibrating unit comprises:

a second multi-vibrator that receives the lamp-
on detection signal and generates the output
signal of the second multi-vibrating unit, and

a first NOR circuit having a first input terminal
to receive the lamp-on detection signal and a
second input terminal grounded;

a second NOR circuit having a first input termi-
nal to receive an output signal of the first NOR
circuit and a second input terminal to receive
the output signal of the second multi-vibrator;
and

a third NOR circuit having input terminals com-
monly to receive an output signal of the second
NOR circuit and generates an output signal to
the arithmetic logic unit.

The power supply system of claim 23, 24 or 25,
wherein the arithmetic logic circuit includes an OR
circuit having afirst input terminal to receive the out-
put signal of the first multi-vibrating unit, a second
input terminal to receive the output signal of the sec-
ond multi-vibrating unit, and an output terminal to
generate the output signal of the arithmetic logic
unit to the inverter controller.

The power supply system of any of claims 23 to 26,
wherein the initial period of the lamp-on signal is in
a range from about 280 milliseconds to about 300
milliseconds.

The power supply system of any of claims 23 to 27,
wherein the lamp-on detection signal is a pulse
width modulation dimming signal.

The power supply system of any of claims 22 to 28,
wherein the detection signal controller comprises:

a multi-vibrating unit that generates an output
signal in response to a lamp-on signal to turn
on the lamp, the output signal of the multi-vi-
brating unit maintaining a high level during an
initial period of the lamp-on signal;

a low pass filter that generates an output signal
in response to the lamp-on detection signal, the
output signal of the low pass filter being ob-
tained by eliminating a low level of the lamp-on
detection signal; and

an arithmetic logic unit that performs a logic op-
eration with respect to the output signals of the
multi-vibrating unit and the low pass filter and
generates an output signal as a result of the
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logic operation to the inverter controller.

The power supply system of claim 29, wherein the
multi-vibrating unit includes a multi-vibrator that re-
ceives the lamp-on signal and generates the output
signal of the multi-vibrating unit having a high level.

The power supply system of claim 29 or 30, wherein
the low pass filter includes:

an input node to which the lamp-on detection
signal is provided;

an output node from which the output signal of
the low pass filter is generated;

a first resistor connected between the input and
output nodes;

a second resistor having one end connected to
the output node and the other end grounded;
and

a capacitor having one end connected to the
output node and the other end grounded.

The power supply system of claim 29, 30 or 31,
wherein the arithmetic logic circuit includes an OR
circuit having a first input terminal to receive the out-
put signal of the multi-vibrating unit, a second input
terminal to receive the output signal of the low pass
filter, and an output terminal to generate the output
signal of the arithmetic logic unit to the inverter con-
troller.

A liquid crystal display device comprising:

a power supply system according to any pre-
ceding claim

a timing controller that receives control signals
and image signals externally provided to gen-
erate first to third timing signals;

a gate driver that generates gate-on/off signals
in response to the first timing signal;

a data driver that generates data voltage sig-
nals corresponding to the image signals in re-
sponse to the second timing signal;

a display panel having data lines, gate lines,
and switching elements, the display panel dis-
playing images in response to the gate-on/off
signals and the data voltage signals;

alamp unit as the selected component that pro-
vides light to the display panel.



EP 1 524 648 A2

FIG. 1A

12



EP 1 524 648 A2

FIG. 1B

13



EP 1 524 648 A2

FIG.

2

100
Vsync / 00
Hsync Data driver A -300
DE :
MCLK Timin o 1% oo Dn
controller
R 1 .
G2
G -
B
= - . Gate °
) ‘ driver | o Liquid crystal pane]  —— 400
200 ——
g0 800 Gm
B N s s g
| = e
t Power Voltage .| Inverter
\ supply unit controller controller | L — — — — — ~ 4 _ _ 1 .
I
| | Inverter 4600
| ) {
L e T _J

14



EP 1 524 648 A2

J
........ PN I Em
b
\az - 4 4
| R B .
d0 . R IR )Y —
jl,l‘Al R m _ GQdL
. 7vmw " "1 00YSL-HMS052
| o
wa Ly | v
1 ¢l
T [ L
e - al
||||||||||||| wu-,|ls|‘|f|,;l|lllgh o
\ M ——j1
oL —¢
———FE
— 17
Q anNg '

-
-

¢ DId

15



Voltage

EP 1 524 648 A2

FI1G. 4

14V

—
=

nterruption periof

Several tens
of milliseconds

Voltage

Power supply voltage signal(Vin)

Positive terminal

voltage signal

Negative terminal
voltage signal
- 58V

Voltage

Input voltage
signal
of OP-AMP

—

A
i\,

RS Reset timing

Input voitage signal of inverter controller

16



Voltage !

Reference.l..

voltage

EP 1 524 648 A2

FIG. 5 |
Power supply voltage signal(Vin)
Voltage of
input terminat | . Voltage of
when switch ! / input terminal when

is turned off |/ ... \SWitoh s turned off

e \

Voltage

1 '

. ' H

' 1

H t

H ' '

H '
4 HO 2

H ¥

H 1

1

)

'

v

‘

'

n | " Time
Input of power ;
supply voltage signal |
| ON state
A
OFF state i
- Switch

17



EP 1 524 648 A2

FIG. 6

Power supply voltage

Voltage of signal(Vin)
Voltage  input terminal when
switch is turnedgo/ \ §

\

First referenc i Voltage of
voltage ................................................. ,mput te.rmma’ when
Second e ettt eeeses s serene e gswntch.ls turned off

reference ’ NG
voltage ; T~

| : Time
input of power ;
supply voltage signal
Voitage

| ON state
A
OFF state |
Switch g

18



EP 1 524 648 A2

FIG. 7

Supply voltage

First
reference ; ;
voltage
Second Lo
reference e i
voltage I _ ———Time
. i1 Power supply voltage
A signal containing noise
Output signa
of voltage .
controller ( &
T U ' >Time
S § A: when single
i reference voltage is set
i " Chattering
Output signal k ;
of voltage “interruption
controller of supply voltage

several tens of milliseconds

B: when first and second —+Time
reference supply voltages are set

19



EP 1 524 648 A2

FIG. 8
100
/
Vsync ; .
Hsyne - Data driver 300
DE
MCLK Timin? o D102 s Dm
: controlier -
LI N
E————» Gate | "o :
3 driver | - Liquid crystal panel ~ 4———400
200 /9\70"
10 980 K G
S LY S~
|
Detection | L[| LZZ}%&” i Lamp 500
Power | signal L
supply unit controller{|} m —0+4 ~ - " T T T T T T T .
Invert '
‘ cgr\v/'?rogér Inverter A—+—0600
_ . [ ‘ |
____________ e
Z 800 ’
950

20



EP 1 524 648 A2

- FIG. 9
d 7.\ ( 3 T ) v" 3
600
[..J
500—" | |
HHH - - H
L . LJ wl \ 2\
FIG. 10
960
962 & 966 800
Y ——
IR - |
Lamp~-on Fglsgrg;l%}g = Arithmetic| | Inverter
signal | unit =1 logic unit | | controller
| [
I i
| I
. }
. Lamp-on : Seg?t?d |
)  malti-
d%%%tal?n : vibrating unit~__— 964 :
U PR .

21



EP 1 524 648 A2

963 9(54
Y S :
—= |
- I It CEXT — ]
L l REXT/CEXT ]
i 3w 968
dﬂechﬂn % }—g——[vcc GND 967 ;
signal »—rq ' ] l
/ 1
l
o
T
J
|
|
800
ol o controlle
REXT/CEXT

é r—i:‘l.ﬁ
;-—-L-—-—-—vcc GND

|

l

] —
signal - : | rib——feext
: i

J

I

|

22



Lamp ON signal
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FIG. 12
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FIG. 15
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FIG. 16
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