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FIG. 5

Feedback output
: voltage [V]

1.4 e

1.2

1

T 7

0.6

0.4

0.2

0 I | | | |
0 2 4 6 8 10 12

Current flowing through'
fluorescent lamp [mA]




US 2004/0056609 A1

Patent Application Publication Mar. 25,2004 Sheet 6 of 6

FIG. 6
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POWER SUPPLY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a power supply
device for a backlight and to a liquid crystal device using the
same, and more particularly, to a power supply device
comprising an oscillation control unit that controls the
output of a direct current source input, a power driving unit
that converts DC power output from the oscillation control
unit into AC power, a power transforming unit that trans-
forms the converted AC power, a sensing unit connected in
series to one end of a lamp to sense a change of a power
applied to the lamp, and a detection control unit that detects
a difference between voltages of both ends of the sensing
unit and provides a detected signal to the oscillation control
unit.

[0003]

[0004] Since a liquid crystal panel itself in a liquid crystal
display device cannot emit light, it cannot be used in a place
where there is no light. Therefore, a plurality of fluorescent
lamps are used as a backlight for uniformly transferring light
from the rear side of the liquid crystal panel to the entire
liquid crystal panel. In addition, a high voltage of several
hundred volts or more is required for lighting the fluorescent
lamps, and an inverter is used as a power supply device for
lighting.

[0005] In order to drive the fluorescent lamps with con-
stant luminance, there is a need for control of an electric
current so that a predetermined constant current flows to the
fluorescent lamps. To this end, feedback control is per-
formed for detecting a current flowing through the fluores-
cent lamps, causing the current to be fedback, and compar-
ing the fedback current with the predetermined current. As
shown in FIG. 1, in a conventional backlight inverter 30, a
resistor is generally connected in series to a cold electrode
11 of each of fluorescent lamps 10 and one end of the resistor
is connected to a common ground A so as to sense a current
flowing through each of the fluorescent lamps. Therefore,
one end or the cold electrode 11 of each of the fluorescent
lamp 10 is connected to the common ground A through the
resistor with a resistance value of about several hundred Q
(i.e. a voltage of almost zero is applied), and the other end
or the hot electrode 12 of each of the fluorescent lamps 10
is connected to the backlight inverter 30 which supplies AC
power having a high voltage (i.c. when an output voltage of
the backlight inverter 30 is Vo, a voltage of almost Vo is
applied to the other end of the fluorescent lamp 10) (here-
inafter, referred to as “grounding method™).

[0006] In each of the fluorescent lamps 10 of which the
one end 11 is connected to the common ground A through
the resistor with a resistance of about several hundred Q as
described above, since a fluorescent lamp reflector 20 and
the one end or electrode 11 (generally referred to as “cold
electrode”) of the fluorescent lamp 10 are grounded to the
common ground A as shown in FIG. 1, a stray capacitance
B exists between the fluorescent lamp 10 and the grounded
fluorescent lamp reflector 20. As a result, a leakage current
path is formed through the stray capacitance B and the
common ground A so that asymmetry is caused between the

1. Field of the Invention

2. Description of Related Art
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amount of current flowing toward the cold electrode con-
nected to the common electrode A and the amount of current
flowing toward the hot electrode which is opposite to the
cold electrode. Accordingly, there is a problem in that
luminance unbalance of the fluorescent lamp occurs since
the side of the electrode 11 grounded to the common ground
A'is a little darker than the side of the electrode 12 which is
opposite to the electrode 11.

[0007] This problem becomes more severe as the area of
the liquid crystal panel becomes greater. Further, since the
life of the side of the fluorescent lamp through which more
current flows is rapidly shortened, there is a problem in that
the life of the entire fluorescent lamp is shortened.

SUMMARY OF THE INVENTION

[0008] The present invention is conceived to solve the
aforementioned problems. An object of the present invention
is to provide a power supply device and a liquid crystal
display device, wherein luminance of a fluorescent lamp is
kept uniform and the life of the fluorescent lamp is pro-
longed by reducing a leakage current of the fluorescent
lamp.

[0009] Another object of the present invention is to pro-
vide a power supply device, wherein a resistor for feedback
is connected in series to one end of a fluorescent lamp to
which voltages with different polarities are applied to both
ends thereof, and voltages detected from both ends of the
resistor are used as a feedback signal for controlling the
driving of the fluorescent lamp.

[0010] A further object of the present invention is to
provide a liquid crystal display device using a power supply
device in which a resistor for feedback is connected in series
to one end of a fluorescent lamp to which voltages with
different polarities are applied to both ends thereof, and
voltages detected from both ends of the resistor are used as
a feedback signal for controlling the driving of the fluores-
cent lamp.

[0011] In order to achieve the above objects, a power
supply device of the present invention comprises an oscil-
lation control unit that controls output of an incoming DC
source; a power driving unit that converts DC power output
from the oscillation control unit into AC power; a power
transforming unit that transforms the converted AC power;
a sensing unit connected in series to one end of a lamp to
sense a change of a power applied to the lamp; and a
detection control unit that detects a difference in voltages at
both ends of the sensing unit and provides a detected signal
to the oscillation control unit.

[0012] Aliquid crystal display device of the present inven-
tion comprises a lamp driving unit that converts DC power
input into AC power, transforms the converted AC power,
and provides the transformed AC power, and a light emitting
unit including a lamp requiring AC power of a high voltage
at at least one end of the lamp, and emitting light in response
to the transformed AC power; wherein the lamp driving unit
comprises an oscillation control unit that controls output of
an incoming DC source; a power driving unit that converts
DC power output from the oscillation control unit into AC
power; a power transforming unit that transforms the con-
verted AC power; a sensing unit connected in series to one
end of the lamp to sense a change of a power applied to the
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lamp; and a detection control unit that detects a difference in
voltages at both ends of the sensing unit and provides a
detected signal to the oscillation control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects and features of the
present invention will become apparent from the following
description of preferred embodiments given in conjunction
with the accompanying drawings, in which:

[0014] FIG. 1 shows a fluorescent lamp driven by a
conventional grounding method;

[0015] FIG. 2 is a view showing a configuration of a
liquid crystal display device according to the present inven-
tion;

[0016] FIG. 3 is a block diagram illustrating a configu-
ration of a power supply device according to the present
invention;

[0017] FIG. 4 is a feedback circuit diagram of the power
supply device according to the present invention;

[0018] FIG. 5is a graph showing that a feedback voltage
proportional to a current flowing through a fluorescent lamp
is output in the power supply device according to the present
invention; and

[0019] FIGS. 6(a) to (d) are views showing waveforms of
output signals of the power supply device according to the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] Hereinafter, preferred embodiments of a power
supply device and a liquid crystal display device using the
same according to the present invention will be described in
detail with reference to the accompanying drawings.

[0021] FIG. 2 shows a liquid crystal display device
according to one embodiment of the present invention.

[0022] Referring to this figure, a liquid crystal display
device 100 comprises a backlight 200 serving as a light
source, a liquid crystal panel 300 in which liquid crystals are
injected between two glass sheets, and a driving unit 400
including driving circuits 410, 420 that drive the liquid
crystal panel 300 and a timing controller 430 that generates
control signals for use in control of the driving circuits 410,
420. The liquid crystal display device 100 is used as a device
in charge of a display function in a system such as a
notebook computer, a television, or a monitor.

[0023] The backlight 200 comprises a fluorescent lamp
210, a reflector 220, and a lamp-driving unit (power supply
device) 230 that applies a high voltage for driving the
fluorescent lamp 210. The fluorescent lamp 210 used as the
light source makes plane light having uniform brightness. A
variety of fluorescent lamps such as a cold cathode fluores-
cent lamp (CCFL) or an external electrode fluorescent lamp
(EEFL) can be used as the fluorescent lamp 210, and the
reflector 220 functions to reflect light, which has been
emitted from the fluorescent lamp 210, toward the liquid
crystal panel 200 and may be omitted according to the
structure of the backlight.
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[0024] 1In the liquid crystal display device according to the
embodiment of the present invention, since the fluorescent
lamp 210 is not connected to a common ground of the liquid
crystal display device to which the reflector 220 and the like
are grounded, almost identical voltages with different polari-
ties (i.e. +-Vo/2 and -+Vo/2) are applied from the lamp
driving unit 230 to electrodes at both ends of the fluorescent
lamp. Thus, since the high voltage applied to the electrodes
at both the ends of the fluorescent lamp is reduced to about
a half thereof as compared with the aforementioned ground-
ing type fluorescent lamp, there are advantages in that a
leakage current between the fluorescent lamp 210 and the
reflector 220 is reduced, and luminance of the fluorescent
lamp 210 becomes uniform since the voltages of almost
identical magnitude (Vo/2) are applied to the electrodes at
both the ends of the fluorescent lamp 210 even though the
leakage current exists.

[0025] The liquid erystal panel 300 displays color images
by controlling light, which has been generated when white
plane light from the backlight 200 is incident on and
permeates pixels, in response to respective pixel signal
voltages input from the driving circuits 310 and 320. The
lamp driving unit 230, i.e. the power supply device, will be
described in detail below with reference to FIGS. 3 and 4.

[0026] FIG. 3 is a block diagram illustrating a configu-
ration of a power supply device according to one embodi-
ment of the present invention.

[0027] The lamp driving unit 230, ie. the power supply
device, according to the embodiment of the present inven-
tion comprises a power driving unit 232 that converts an
input DC voltage (for example, 12V) into an AC pulse
voltage by switching the input DC voltage, an oscillation
control unit 233 that controls the switching operation of the
power driving unit 232, and a power transforming unit 231
that boosts the AC pulse voltage output from the power
driving unit 232 up to a high voltage of several hundred volts
or more and provides the boosted voltage to the fluorescent
lamp 210. The lamp driving unit 230 further comprises a
sensing unit 234 connected in series to one end of the
fluorescent lamp 210 to sense a change of a power applied
to the fluorescent lamp 210, and a detection control unit 235
that detects a difference between voltages at both ends of the
sensing unit 234 and provides a detected signal to the
oscillation control unit 233.

[0028] The power driving unit 232 can be composed of a
conventional bridge switching inverter or the like, and the
power transforming unit 231 can be composed of a conven-
tional winding-type transformer or the like. In addition, the
oscillation control unit 233 can be composed of a conven-
tional PWM control type exclusive IC or the like. The
sensing unit 234 and the detection control unit 235 will be
described in detail below with reference to FIG. 4.

[0029] The sensing unit 234 of the power supply device
230 according to the embodiment of the present invention
comprises an impedance device, i.e. a resistor R1, connected
in series to the fluorescent lamp 210 as shown in FIG. 4. The
detection control unit 235 comprises a voltage detection unit
(in this embodiment, a differential operational amplifier)
(235a) connected to both ends of the resistor R1 that detects
a difference in AC voltages applied to both the ends of the
resistor R1, a rectification unit 235b for half-wave or full-
wave rectifying of the AC voltage detected by the voltage
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detection unit 2354, and a low pass filter unit 235¢ for
filtering a low frequency component of the AC voltage
rectified by the rectification unit 235b.

[0030] In the embodiment, since an AC voltage with a
voltage magnitude proportional to the magnitude of the
current flowing through the fluorescent lamp 210 is applied
to both the ends of the resistor R1, the voltage magnitude at
both the ends of the resistor R1 is used as the aforemen-
tioned feedback signal.

[0031] ADC voltage proportional to the magnitude of the
AC voltage applied to both the ends of the resistor R1 is
generated through the detection control unit 235. Finally, a
DC voltage output from the low pass filter unit 235¢ is
provided as a feedback signal to the oscillation control unit
(233 in FIG. 3) of the power supply device. For reference,
the DC voltage output from the low pass filter unit 235¢ is
a DC voltage proportional to the current flowing through the
fluorescent lamp 210 as shown in FIG. 5. Therefore, it can
be understood that the DC voltage output from the low pass
filter unit 235¢ can be used as the feedback signal for
controlling the current of the fluorescent lamp 210.

[0032] In the configurations of the sensing unit 234 and
the detection control unit 235 shown in FIG. 4, since one
end of the resistor R1 is connected in series to the fluorescent
lamp 210 and the other end thereof is connected to an output
end of the power transforming unit 231, i.e. the transformer,
the AC voltage proportional to the current flowing through
the fluorescent lamp 210 is applied to both the ends of the
resistor R1.

[0033] The differential operational amplifier 235a¢ com-
prises an amplifier OP1 that receives the voltage applied to
both the ends of the resistor R1 through resistors R2, R3,
compares it with a reference signal decided by a resistor RS
to obtain a signal corresponding to a difference therebe-
tween, and amplifies the difference signal; and a feedback
resistor R4 of which one end is connected to an inverting
terminal (<) of the differential operational amplifier OP1 and
the other end is connected to an output end of the operational
amplifier OP1. Therefore, the differential operational ampli-
fier 2354 detects the voltage at both the ends of the resistor
R1, amplifies the voltage, and outputs the amplified voltage.

[0034] The rectification unit 235b receives the AC power
output from the differential operational amplifier OP1
through a resistor R6, and half-wave or full-wave rectifies it.
In the embodiment, the rectification unit 2355 is a half-wave
rectification operational amplifier consisting of resistors R7,
RS, an amplifier OP2, and diodes D1, D2 as shown in FIG.
4. In addition, the low pass filter unit 235¢ consists of
resistors R9, R10 and capacitors C1, C2 as shown in FIG.
4, and filters a low frequency component of the AC voltage
rectified by the rectification unit 235b to convert the AC
voltage into a DC voltage.

[0035] FIGS. 6(a) to (d) are views showing waveforms of
output signals from the respective components upon opera-
tion of the sensing unit 234 and the detection control unit
235 shown in FIG. 4, wherein (a) shows a waveform of the
voltage applied to both the ends of the resistor R1, (b) shows
a waveform of the voltage output from the differential
operational amplifier 2354, (c) shows a waveform of the
voltage rectified through the rectification unit 235b, and (d)
shows a waveform of the DC voltage obtained when the
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waveform of the voltage rectified by the rectification unit
235b is converted through the low pass filter unit 235c¢.

[0036] The operation of the sensing unit 234 and the
detection control unit 235 constructed as such will be
described with reference to FIGS. 5 and 6(a) to (d).

[0037] First, signals from both ends of the resistor R1 as
shown in FIG. 6(a) are input to the differential operational
amplifier 235q. The differential operational amplifier 235q
performs subtraction between the signals input from both
ends of the resistor R1, obtains the voltage difference
between both ends of the resistor R1, and amplifies the
voltage difference. The waveform of the voltage output from
the differential operational amplifier 2354 is the same as
shown in FIG. 6(b). Here, since resistance of the input
resistors R2, R3 of the differential operational amplifier
235a is generally several MQ, i.e. 1 MQ or more, the
fluorescent lamp can be regarded as being electrically iso-
lated from the detection control unit 235. Therefore, signal
processing can be made by using only the voltage applied to
the resistor R1 under the condition that neither one of the
two ends of the fluorescent lamp 210 is grounded.

[0038] The signal output from the differential operational
amplifier 2354 is half wave rectified by the rectification unit
235b into the signal shown in FIG. 6(c) and then converted
by the low pass filter unit 235¢ into the voltage with a DC
component shown in FIG. 6(d).

[0039] Finally, the signal output from the low pass filter
unit 235¢ is supplied as the feedback signal to the oscillation
control unit 233 of the power supply device shown in FIG.
3, and this feedback signal is a signal proportional to the

current flowing through the fluorescent lamp as shown in
FIG. 5.

[0040] The power supply device and the liquid crystal
display device using the same according to the present
invention constructed as such can constantly drive the
luminance of the fluorescent lamp with a desired control
value by applying the voltages with different polarities to
both the ends of the fluorescent lamp, detecting the voltage
proportional to the current flowing through the fluorescent
lamp under the condition that the electrode terminals of the
fluorescent lamp are not connected to a common ground, and
causing the detected voltage to be fedback to the oscillation
control unit of the power supply device. Therefore, there are
advantages in that the leakage current between the fluores-
cent lamp and the reflector is reduced and the luminance of
the fluorescent lamp becomes uniform and the life of the
fluorescent lamp is prolonged since the voltages of almost
identical magnitudes are applied to both the ends of fluo-
rescent lamp even if the leakage current exists.

[0041] Although the present invention has been described
in connection with the preferred embodiments illustrated in
the accompanying drawings, it should be understood that the
present invention is not limited thereto and those skilled in
the art can make various modifications and changes without
departing from the scope of the invention. For example, the
resistor R1 may be composed of predetermined impedance
elements such as capacitors or inductors in which the
voltage is produced at both ends thereof according to the
current flowing therethrough, or a combination of capaci-
tors, inductors, resistors and the like.
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What is claimed is:
1. A power supply device, comprising:

an oscillation control unit that controls output of an
incoming DC source;

a power driving unit that converts DC power output from
the oscillation control unit into AC power;

a power transforming unit that transforms the converted
AC power;

a sensing unit connected in series to one end of a lamp to
sense a change of a power applied to the lamp; and

a detection control unit that detects a difference in volt-
ages at both ends of the sensing unit and provides a
detected signal to the oscillation control unit.

2. The device as claimed in claim 1, wherein the detection
control unit comprises a voltage detection unit that detects
the voltages at both the ends of the sensing unit, and a
rectification unit that rectifies the detected voltage.

3. The device as claimed in claim 2, wherein the voltage
detection unit comprises a differential operational amplifier
that detects and amplifies the voltage difference.

4. The device as claimed in claim 3, wherein the differ-
ential operational amplifier comprises resistors connected in
parallel to both the ends of the sensing unit, and an opera-
tional amplifier that amplifies the voltage difference detected
through the resistors.

5. The device as claimed in claim 4, wherein the resistors
connected to both the ends of the sensing unit have resis-
tance of 1 MQ or more.

6. The device as claimed in claim 2, wherein the detection
control unit further comprises a filter unit that performs low
frequency filtering for an output of the rectification unit.

7. The device as claimed in claim 1, a voltage with
positive polarity is applied to one end of the lamp, and a
voltage with negative polarity is applied to the other end of
the lamp.

8. The device as claimed in claim 1, wherein the lamp has
one or two external electrode.

9. The device as claimed in claim 1 or 2, wherein the
sensing unit comprises a resistor.

10. A liquid crystal display device, comprising:

a lamp driving unit that converts an incoming DC power
into AC power, and transforms the converted AC
power, and provides the transformed AC power; and
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a light emitting unit including a lamp requiring AC power
of a high voltage at at least one end of the lamp, and
emitting light in response to the transformed AC power;

wherein the lamp driving unit comprises:

an oscillation control unit that controls output of an
incoming DC source;

a power driving unit that converts DC power output
from the oscillation control unit into AC power;

a power transforming unit that transforms the converted
AC power;

a sensing unit connected in series to one end of the
lamp to sense a change of a power applied to the
lamp; and

a detection control unit that detects a difference in
voltages at both ends of the sensing unit and provides
a detected signal to the oscillation control unit.

11. The device as claimed in claim 10, wherein the
detection control unit comprises a voltage detection unit that
detects the voltages at both the ends of the sensing unit, and
a rectification unit that rectifies the detected voltage.

12. The device as claimed in claim 11, wherein the voltage
detection unit comprises a differential operational amplifier
that detects and amplifies the voltage difference.

13. The device as claimed in claim 12, wherein the
differential operational amplifier comprises resistors con-
nected in parallel to both the ends of the sensing unit, and an
operational amplifier that amplifies the voltage difference
detected through the resistors.

14. The device as claimed in claim 13, wherein the
resistors connected to both the ends of the sensing unit have
resistance of 1 MQ2 or more.

15. The device as claimed in claim 11, wherein the
detection control unit further comprises a filter unit that
performs low frequency filtering for an output of the recti-
fication unit.

16. The device as claimed in claim 10, a voltage with
positive polarity is applied to one end of the lamp, and a
voltage with negative polarity is applied to the other end of
the lamp.

17. The device as claimed in claim 10, wherein the lamp
has one or two external electrode.

18. The device as claimed in claim 10 or 11, wherein the
sensing unit comprises a resistor.
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