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OVER-CURRENT PROTECTION CIRCUIT,
LED BACKLIGHT DRIVING CIRCUIT AND
LIQUID CRYSTAL DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present disclosure relates to liquid crystal dis-
play technology, and more particularly to an over-current
protection circuit, the LED backlight driving circuit with the
over-current protection circuit and the liquid crystal display
(LCD) with the LED backlight driving circuit.

[0003] 2. Discussion of the Related Art

[0004] With the technical evolution, the backlight technol-
ogy for the LCDs have been developed. In the past, CCFLs
are adopted as backlight source. However, LEDs have now
been adopted as backlight sources for the reason that the
CCFLs have the disadvantages, such as low color restoration,
low lighting efficiency, high discharging voltage, bad dis-
charging characteristics at low temperature, and long heating
time to achieve stable gray level. Generally, the LED back-
light source is arranged opposite to the liquid crystal panel so
as to provide the light source to the liquid crystal panel. A
specific LED backlight source driving circuit is adopted to
provide a driving voltage such that the LED string can emit
light normally.

[0005] FIG. 1 is a schematic view of a typical LED back-
light driving circuit. As shown, the LED backlight driving
circuit includes a boost circuit 110, a backlight driving chip
(IC) 120 and a LED string 130. The LED string 130 includes
aplurality of LEDs that are serially connected, a second MOS
transistor Q2 and a resistor R1.

[0006] The boost circuit 110 is controlled by the backlight
driving chip 120 to boost a direct current (DC) voltage Vin so
as to satisfy the demand of the LED string 130. At the same
time, the backlight driving chip 120 control the current pass-
ing through the backlight driving chip 120 such that the
backlight driving chip 120 can emit light normally.

[0007] However, the pin (ISEN) of the backlight driving
chip 120 determines to stop its operations when the current
passing the second resistor (R2) is larger than the tolerated
state for a duration. When the rectifier diode D of the boost
circuit is shorted connected, a huge amount of current passing
the first MOS transistor Q1 and the resistor R2 when the first
MOS transistor Q1 is turn on for the reason that the capacitor
C1 stores a huge amount of energy. Thus, the first MOS
transistor Q1 and the second resistor (R2) are burn out.

SUMMARY

[0008] In one aspect, an over-current protection circuit
includes: a boost circuit for boosting an input direct current
(DC) voltage to a boosted DC voltage and for providing the
boosted DC voltage to a load; a voltage control module for
controlling the boost circuit to provide the boosted DC volt-
age to the load such that the load is driven by a constant
current; and an over-current protection module for generating
first control signals or second control signals according to an
over-current protection voltage detected by the boost circuit,
the first control signals are for controlling the voltage control
module to operate normally, and the second control signals
are for stopping operations of the voltage control module.

[0009] Wherein the over-current protection module gener-
ates the first control signals when the over-current protection
voltage is smaller than a reference voltage, and the over-
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current protection module generates the second control sig-
nals when the over-current protection voltage is larger than
the reference voltage.

[0010] In another aspect, a LED backlight driving circuit
includes: a boost circuit for boosting a DC voltage to a
boosted DC voltage and for providing the boosted DC voltage
to a load; a voltage control module for controlling the boost
circuit to provide the boosted DC voltage to the load such that
the load is driven by a constant current; and an over-current
protection module for generating first control signals or sec-
ond control signals according to an over-current protection
voltage detected by the boost circuit, the first control signals
are for controlling the voltage control module to operate
normally, and the second control signals are for stopping
operations of the voltage control module.

[0011] Wherein the over-current protection module gener-
ates the first control signals when the over-current protection
voltage is smaller than a reference voltage, and the over-
current protection module generates the second control sig-
nals when the over-current protection voltage is larger than
the reference voltage.

[0012] Wherein the over-current protection module com-
prises a comparing unit and a control unit, the comparing unit
compares the over-current protection voltage with the refer-
ence voltage and then outputs a comparing result, and the
control unit generates the first control signals or the second
control signals according to the comparing result.

[0013] Wherein the comparing unit comprises a compara-
tor and the control unit comprises a second MOS transistor,
and wherein a positive input end of the comparator couples
between the boost circuit and the second resistor, a negative
end of the comparing unit is for receiving the reference volt-
age, an output end of the comparator couples with a gate of the
second MOS transistor, a source of the second MOS transistor
is electrically grounded, and a drain of the second MOS
transistor couples with an enable end of the voltage control
module.

[0014] Wherein the comparator outputs the low-level sig-
nals to the gate of the second MOS transistor when the over-
current protection voltage is smaller than the reference volt-
age such that the enable end of the voltage control module
receives the first control signals, and the comparator outputs
the high-level signals to the gate of the second MOS transistor
when the over-current protection voltage is larger than the
reference voltage such that the enable end of the voltage
control module receives the second control signals.

[0015] Wherein the boost circuit comprises a charging-
discharging module, when the voltage control module out-
puts turn-un signals to the boost circuit, the charging-dis-
charging module provides the boosted DC voltage to the LED
string, and when the voltage control module outputs the turn-
off signals to the boost circuit, the charging-discharging mod-
ule is charged.

[0016] Wherein the boosted circuit further comprises an
inductor, a rectifier diode, and a first MOS transistor, wherein
One end of the inductor is for receiving the input DC voltage,
and the other end of the inductor couples with the positive end
of the rectifier diode, the negative end of the rectifier diode
couples with the positive end of the LED string, one end of the
charging-discharging module couples between the negative
end of the rectifier diode and the positive end of the LED
string, the other end of the charging-discharging module is
electrically grounded, the drain of the first MOS transistor
couples between the other end of the inductor and the positive
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end of the rectifier diode, the source of the first MOS transis-
tor couples with the second resistor, and the gate of the first
MOS transistor couples with the voltage control module.
[0017] In another aspect, a liquid crystal device includes a
liquid crystal panel and a LED backlight source arranged
opposite to the liquid crystal panel, the LED backlight source
provides a display light source to the liquid crystal panel such
that the liquid crystal panel is capable of displaying images,
and the LED backlight source includes the above LED back-
light driving circuit.

[0018] Inview of'the above, the control signals for control-
ling the voltage control module to operate normally or to stop
its operations are generated in accordance with the over-
current protection voltage. As such, when the over-current
protection voltage surges and exceeds the reference voltage,
the over-current protection module generates the control sig-
nals to stop the operations of the voltage control module. In
this way, the voltage control module stops its operations and
the circuit components are prevented from being burn out due
to the surged current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1 is a schematic view of the typical LED back-
light driving circuit.

[0020] FIG. 2 is a module diagram of the over-current pro-
tection circuit in accordance with one embodiment.

[0021] FIG. 3 is a schematic view of the LED backlight
driving circuit in accordance with one embodiment.

[0022] FIG. 4 is a schematic view of the liquid crystal
device incorporating the LED backlight driving circuit of
FIG. 3.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0023] Embodiments of the invention will now be
described more fully hereinafter with reference to the accom-
panying drawings, in which embodiments of the invention are
shown.

[0024] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments are shown. In
the drawings, the thicknesses of layers and regions may be
exaggerated for clarity. In the following description, in order
to avoid the known structure and/or function unnecessary
detailed description of the concept of the invention result in
confusion, well-known structures may be omitted and/or
functions described in unnecessary detail.

[0025] FIG. 2 is a module diagram of the over-current pro-
tection circuit in accordance with one embodiment.

[0026] Referring to FIG. 2, the over-current protection cir-
cuit includes a boost circuit 210, a voltage control module
230, and an over-current protection module 240. The boost
circuit 210 is configured for boosting the input DC voltage
(Vin) to a boosted DC voltage, which is the voltage needed by
a load 220. The boost circuit 210 then provides the boosted
DC voltage to the load 220. The voltage control module 230
is configured for controlling the boost circuit 210 such that the
boost circuit 210 boosts the input DC voltage (Vin) to the
voltage needed by the load 220 and then provides the boosted
DC voltage to the load 220. Thus, the load 220 is driven by a
constant current. The over-current protection module 240 is
configured for generating first control signals or second con-
trol signals according to an over-current protection voltage
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detected by the boost circuit 210, that is, the voltage between
a second resistor 250 and the boost circuit 210. The first
control signals are for controlling the voltage control module
230 to operate normally, and the second control signals are for
stopping the operation of the voltage control module 230. The
over-current protection voltage is the product of the resis-
tance of the second resistor 250 and the amount of the current
passing through the second resistor 250.

[0027] When the over-current protection voltage is smaller
than a reference voltage, the over-current protection module
240 generates the first control signals. When the over-current
protection voltage is larger than the reference voltage, the
over-current protection module 240 generates the second
control signals.

[0028] The over-current protection circuit generates con-
trol signals to enable or disable the voltage control module
230 according to the over-current protection voltage detected
by the over-current protection module 240 such that when the
over-current protection voltage surges and exceeds the refer-
ence voltage, the over-current protection module 240 gener-
ates the control signals to stop the operations of the voltage
control module 230. Thus, the voltage control module 230
stops its operations and the circuit components are prevented
from being burn out due to the surged current.

[0029] As stated above, the over-current protection circuit
may be adopted in the LED backlight driving circuit for the
LED backlight source. In the embodiment, the load 220 ofthe
over-current protection circuit may be, but not limited to, the
LED string.

[0030] FIG. 3 is a schematic view of the LED backlight
driving circuit in accordance with one embodiment.

[0031] As shown, the LED backlight driving circuit
includes the boost circuit 210, the voltage control module
230, the over-current protection module 240, and the LED
string 221. The LED string 221 includes a plurality of LEDs
that are serially connected, and a plurality of third Metal
Oxide Semiconductor (MOS) transistors 222, and a first resis-
tor 223.

[0032] Specifically, the boost circuit 210 includes a charg-
ing-discharging module 213. When the voltage control mod-
ule 230 outputs turn-un signals (high-level signals) to the
boost circuit 210, the charging-discharging module 213 pro-
vides the boosted DC voltageto the LED string 221. When the
voltage control module 230 outputs the turn-off signals (low-
level signals) to the boost circuit 210, the charging-discharg-
ing module 213 is charged. The charging-discharging module
213 may be, but not limited to, capacitors.

[0033] Inaddition, the boost circuit 210 further includes an
inductor 211, a rectifier diode 212, and a first MOS transistor
214. One end of the inductor 211 is for receiving the input DC
voltage (Vin), and the other end of the inductor 211 couples
with the positive end of the rectifier diode 212. The negative
end of the rectifier diode 212 couples with the positive end of
the LED string 221. One end of the charging-discharging
module 213 couples between the negative end of the rectifier
diode 212 and the positive end of the LED string. The other
end of the charging-discharging module 213 is electrically
grounded. The drain of the first MOS ftransistor couples
between the other end of the inductor 211 and the positive end
of the rectifier diode 212. The source of the first MOS tran-
sistor 214 couples with the second resistor 250. The gate of
the first MOS transistor 214 couples with the voltage control
module 230. The voltage control module 230 controls the
boost circuit 210 by controlling the driving signals outputted
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to the gate of the first MOS transistor 214. As such, the boost
circuit 210 boosts the input DC voltage (Vin) to the voltage
enabling the LED string 221 to emit light normally, and
provides the boosted voltage to the LED string 221.

[0034] The voltage control module 230 may be backlight
driving integrated circuits (IC) including a plurality of pins.
The GATE pin of the voltage control module 230 couples
with the gate of the first MOS transistor 214 for providing the
driving signals, including the above turn-on signals and turn-
off'signals, of the boost circuit 210 to the gate of the first MOS
transistor 214. The ISEN pin of the voltage control module
230 couples between the source of the first MOS transistor
214 and the second resistor 250 for detecting the over-current
protection voltage of the boost circuit 210, which is the volt-
age between the source of the first MOS transistor 214 and the
second resistor 250. When the detected over-current protec-
tion voltage is larger than a protection voltage, which is the
default voltage of the voltage control module 230, the voltage
control module 230 stops its operation. The EN pin of the
voltage control module 230, i.e., the enable end of the voltage
control module 230, couples with the over-current protection
module 240. When the high-level signals are inputted to the
EN pin, the voltage control module 230 operates normally.
When the low-level signals are inputted to the EN pin, the
voltage control module 230 stops its operation. The G1 pin of
the voltage control module 230 couples with the gate of the
third MOS transistor 222. The S1 pin of the voltage control
module 230 couples between the source of the third MOS
transistor 222 and the first resistor 223 for keeping the current
constantly passing through the LED string 221 and for adjust-
ing the amount of the current passing through the LED string
221 such that the LED string 221 emit light normally.

[0035] The over-current protection module 240 includes a
comparing unit 241, and a control unit 242. The comparing
unit 241 compares the over-current protection voltage
detected by the voltage control module 230 with the reference
voltage (Vref) and outputs the comparing result. The control
unit 242 generates the first control signals or the second
control signals according to the comparing result. The first
control signals are for controlling the voltage control module
230 to operate normally, and the second control signals are for
controlling the voltage control module 230 to stop its opera-
tion.

[0036] The comparing unit 241 includes a comparator
2411. The control unit 242 includes a second MOS transistor
2421. The positive input end of the comparator 2411 couples
between the source of the first MOS transistor 214 of the
boost circuit 210 and the second resistor 250. The negative
end of the comparing unit 241 is for receiving the reference
voltage (Vref). The output end of the comparator 2411
couples with the gate of the second MOS transistor 2421. The
source of the second MOS transistor 2421 is electrically
grounded. The drain of the second MOS transistor 2421
couples with the EN pin of the voltage control module 230.
The comparator 2411 outputs the low-level signals to the gate
of the second MOS transistor 2421 when the over-current
protection voltage detected by the voltage control module 230
is smaller than the reference voltage (Vref). As such, the
second MOS transistor 2421 is turn off and the EN pin of the
voltage control module 230 receives the first control signals
s0 as to operate normally. The comparator 2411 outputs the
high-level signals to the gate of the second MOS transistor
2421 when the over-current protection voltage detected by
the voltage control module 230 is larger than the reference
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voltage (Vref). As such, the second MOS transistor 2421 is
turn on and the EN pin of the voltage control module 230
receives the second control signals so as to stop its operations.
[0037] Inthe embodiment, the first control signals may be,
but not limited to, low-level signals, and the second control
signals may be, but not limited to, high-level signals.

[0038] In the embodiment, the plurality of LEDs 221 con-
nected in parallel couple with the positive end of the rectifier
diode 212 ofthe boost circuit 210. The LED string 221 may be
driven as long as the boosted voltage outputted by the boost
circuit 210 is large enough. As such, the LED backlight
source is capable of providing more light to the liquid crystal
panel.

[0039] The over-current protection functions of the LED
backlight driving circuit will be described hereinafter with
reference to FIG. 3. During the normal operations of the LED
backlight driving circuit, the LED string 221 receives the
input DC voltage (Vin) from the boost circuit 210 and then
boosts the input DC voltage (Vin) so as to emit lights nor-
mally. At this moment, the current passing through the first
MOS transistor 214 and the second resistor 250 equals to 1.
As the over-current protection voltage detected by the voltage
control module 230 is smaller than the reference voltage
(Vref), the output end of the comparator 2411 outputs the
low-level signals to the gate of the second MOS transistor
2421 so as to turn off the second MOS transistor 2421. The
over-current protection voltage is the voltage between the
source of the first MOS transistor 214 and the second resistor
250. The over-current protection voltage is the product of I1
and R, and R represent the resistance of the second resistor
250. As a result, the EN pin of the voltage control module 230
receives the first control signals, i.e., the high-level signals,
but remains its normal operations.

[0040] When the LED backlight driving circuit operates
abnormally, such as when the rectifier diode 212 of the boost
circuit 210 is shorted, the charging-discharging module 213
of'the boost circuit 210 stores a large amount of energy. When
the first MOS transistor 214 is turn on, the surged current
passing through the first MOS transistor 214 and the second
resistor 250. At this moment, the amount of the current pass-
ing through the first MOS transistor 214 and the second
resistor 250 equals to 12. As the over-current protection volt-
age detected by the voltage control module 230 is larger than
the reference voltage (Vref), the output end of the comparator
2411 outputs the high-level signals to the gate of the second
MOS transistor 2421 so as to turn on the second MOS tran-
sistor 2421. The over-current protection voltage relates to the
voltage between the source of the first MOS transistor 214
and the second resistor 250. The over-current protection volt-
age is the product of I1 and R, and R represents the resistance
of the second resistor 250. The source of the second MOS
transistor 2421 is electrically grounded such that the EN pin
of the voltage control module 230 transits to the low-level
signals. Similarly, the EN pin of the voltage control module
230 receives the second control signals, i.e., the low-level
signals, to stop its operations. At the same time, the first MOS
transistor 214 and the second resistor 250 are prevented from
being damaged due to the current 12 passing through the first
MOS transistor 214 and the second resistor 250.

[0041] The liquid crystal device incorporating with the
LED backlight driving circuit of FIG. 3 will be described
hereinafter. FIG. 4 is a schematic view of the liquid crystal
device incorporating the LED backlight driving circuit of
FIG. 3.
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[0042] Referring to FIG. 4, the liquid crystal device
includes a liquid crystal panel 10 and a LED backlight source
20 arranged opposite to the liquid crystal panel 10. The LED
backlight source 20 provides a display light source 20 to the
liquid crystal panel 10 such that the liquid crystal panel 10 can
display images. The display light source 20 includes the LED
backlight driving circuit of FIG. 3.

[0043] Itis believed that the present embodiments and their
advantages will be understood from the foregoing descrip-
tion, and it will be apparent that various changes may be made
thereto without departing from the spirit and scope of the
invention or sacrificing all of its material advantages, the
examples hereinbefore described merely being preferred or
exemplary embodiments of the invention.

What is claimed is:

1. An over-current protection circuit, comprising:

a boost circuit for boosting an input direct current (DC)
voltage to a boosted DC voltage and for providing the
boosted DC voltage to a load;

avoltage control module for controlling the boost circuit to
provide the boosted DC voltage to the load such that the
load is driven by a constant current; and

an over-current protection module for generating first con-
trol signals or second control signals according to an
over-current protection voltage detected by the boost
circuit, the first control signals are for controlling the
voltage control module to operate normally, and the
second control signals are for stopping operations of the
voltage control module.

2. The over-current protection circuit as claimed in claim 1,
wherein the over-current protection module generates the first
control signals when the over-current protection voltage is
smaller than a reference voltage, and the over-current protec-
tion module generates the second control signals when the
over-current protection voltage is larger than the reference
voltage.

3. A LED backlight driving circuit, comprising:

a boost circuit for boosting a DC voltage to a boosted DC
voltage and for providing the boosted DC voltage to a
load;

avoltage control module for controlling the boost circuit to
provide the boosted DC voltage to the load such that the
load is driven by a constant current; and

an over-current protection module for generating first con-
trol signals or second control signals according to an
over-current protection voltage detected by the boost
circuit, the first control signals are for controlling the
voltage control module to operate normally, and the
second control signals are for stopping operations of the
voltage control module.

4. The LED backlight driving circuit as claimed in claim 3,
wherein the over-current protection module generates the first
control signals when the over-current protection voltage is
smaller than a reference voltage, and the over-current protec-
tion module generates the second control signals when the
over-current protection voltage is larger than the reference
voltage.

5. The LED backlight driving circuit as claimed in claim 3,
wherein the over-current protection module comprises a com-
paring unit and a control unit, the comparing unit compares
the over-current protection voltage with the reference voltage
and then outputs a comparing result, and the control unit
generates the first control signals or the second control signals
according to the comparing result.
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6. The LED backlight driving circuit as claimed in claim 5,
wherein the comparing unit comprises a comparator and the
control unit comprises a second MOS transistor, and wherein
a positive input end of the comparator couples between the
boost circuit and the second resistor, a negative end of the
comparing unit is for receiving the reference voltage, an
output end of the comparator couples with a gate of the
second MOS transistor, a source of the second MOS transistor
is electrically grounded, and a drain of the second MOS
transistor couples with an enable end of the voltage control
module.

7. The LED backlight driving circuit as claimed in claim 6,
wherein the comparator outputs the low-level signals to the
gate of the second MOS transistor when the over-current
protection voltage is smaller than the reference voltage such
that the enable end of the voltage control module receives the
first control signals, and the comparator outputs the high-
level signals to the gate of the second MOS transistor when
the over-current protection voltage is larger than the reference
voltage such that the enable end of the voltage control module
receives the second control signals.

8. The LED backlight driving circuit as claimed in claim 3,
wherein the boost circuit comprises a charging-discharging
module, when the voltage control module outputs turn-un
signals to the boost circuit, the charging-discharging module
provides the boosted DC voltage to the LED string, and when
the voltage control module outputs the turn-off signals to the
boost circuit, the charging-discharging module is charged.

9. The LED backlight driving circuit as claimed in claim 8,
wherein the boosted circuit further comprises an inductor, a
rectifier diode, and a first MOS transistor, wherein One end of
the inductor is for receiving the input DC voltage, and the
other end of the inductor couples with the positive end of the
rectifier diode, the negative end of the rectifier diode couples
with the positive end of the LED string, one end of the charg-
ing-discharging module couples between the negative end of
the rectifier diode and the positive end of the LED string, the
other end of the charging-discharging module is electrically
grounded, the drain of the first MOS transistor couples
between the other end of the inductor and the positive end of
the rectifier diode, the source of the first MOS transistor
couples with the second resistor, and the gate of the first MOS
transistor couples with the voltage control module.

10. A liquid crystal device comprising a LED backlight
driving circuit, the LED backlight driving circuit comprising:
a boost circuit for boosting a DC voltage to a boosted DC

voltage and for providing the boosted DC voltage to a
load;

avoltage control module for controlling the boost circuit to
provide the boosted DC voltage to the load such that the
load is driven by a constant current; and

an over-current protection module for generating first con-
trol signals or second control signals according to an
over-current protection voltage detected by the boost
circuit, the first control signals are for controlling the
voltage control module to operate normally, and the
second control signals are for stopping operations of the
voltage control module.

11. The liquid crystal device as claimed in claim 10,
wherein the over-current protection module generates the first
control signals when the over-current protection voltage is
smaller than a reference voltage, and the over-current protec-
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tion module generates the second control signals when the
over-current protection voltage is larger than the reference
voltage.

12. The liquid crystal device as claimed in claim 10,
wherein the over-current protection module comprises a com-
paring unit and a control unit, the comparing unit compares
the over-current protection voltage with the reference voltage
and then outputs a comparing result, and the control unit
generates the first control signals or the second control signals
according to the comparing result.

13. The liquid crystal device as claimed in claim 12,
wherein the comparing unit comprises a comparator and the
control unit comprises a second MOS transistor, and wherein
a positive input end of the comparator couples between the
boost circuit and the second resistor, a negative end of the
comparing unit is for receiving the reference voltage, an
output end of the comparator couples with a gate of the
second MOS transistor, a source of the second MOS transistor
is electrically grounded, and a drain of the second MOS
transistor couples with an enable end of the voltage control
module.

14. The liquid crystal device as claimed in claim 13,
wherein the comparator outputs the low-level signals to the
gate of the second MOS transistor when the over-current
protection voltage is smaller than the reference voltage such
that the enable end of the voltage control module receives the
first control signals, and the comparator outputs the high-
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level signals to the gate of the second MOS transistor when
the over-current protection voltage is larger than the reference
voltage such that the enable end of the voltage control module
receives the second control signals.

15. The liquid crystal device as claimed in claim 10,
wherein the boost circuit comprises a charging-discharging
module, when the voltage control module outputs turn-un
signals to the boost circuit, the charging-discharging module
provides the boosted DC voltage to the LED string, and when
the voltage control module outputs the turn-off signals to the
boost circuit, the charging-discharging module is charged.

16. The liquid crystal device as claimed in claim 15,
wherein the boosted circuit further comprises an inductor, a
rectifier diode, and a first MOS transistor, wherein One end of
the inductor is for receiving the input DC voltage, and the
other end of the inductor couples with the positive end of the
rectifier diode, the negative end of the rectifier diode couples
with the positive end of the LED string, one end of the charg-
ing-discharging module couples between the negative end of
the rectifier diode and the positive end of the LED string, the
other end of the charging-discharging module is electrically
grounded, the drain of the first MOS transistor couples
between the other end of the inductor and the positive end of
the rectifier diode, the source of the first MOS transistor
couples with the second resistor, and the gate of the first MOS
transistor couples with the voltage control module.
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