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FEEDBACK AND PROTECTION CIRCUIT OF
LIQUID CRYSTAL DISPLAY PANEL
BACKLIGHT APPARATUS

FIELD OF THE INVENTION

The present invention relates to a feedback and protection
circuit of a liquid crystal display panel backlight apparatus,
and more particularly to a circuit designed in an integrated
circuit to simplify a traditional feedback and protection cir-
cuit comprised of different components and achieve the
effects of reducing the area occupied by the circuit compo-
nent layout and lowering the overall cost.

BACKGROUND OF THE INVENTION

Since an LCD panel backlight apparatus uses a high-fre-
quency AC sine wave power supply to provide energy for a
cold cathode fluorescent lamp (CCFL) to emit lights, there-
fore a DC-to-AC circuit is used for the purpose of achieving
the energy conversion. A traditional DC/AC inverter usually
adopts one pulse width modulation controller (PWM control-
ler) specifically designed for the DC/AC inverter to control
the whole inverter circuit to supply a sufficient light source for
all cold cathode fluorescent lamps to emit lights. However, a
piece of PWM controller only has a voltage feedback input
terminal, a current feedback input terminal and an abnormal
status protection control input terminal, and the LCD panel
backlight apparatus must be able to integrate each voltage
input signal and each current input signal of the cold cathode
fluorescent lamp and output a single voltage feedback signal
and a current feedback signal to an input terminal of the PWM
controller. On the other hand, the LCD panel backlight appa-
ratus must be able to detect whether or not any cold cathode
fluorescent lamp (CCFL) is short circuited (or touched by a
human body) or open circuited (or not lit), so as to output an
abnormal status protection signal to the PWM controller and
turn off all outputs of the backlight apparatus to protect the
inverter circuit and prevent damages to circuit components or
injuries to people due to electric shocks. The present tradi-
tional way is to recreate a feedback and protection circuit by
various different components, and thus many complicated
components are required. Referring to FIG. 1 for a circuit
block diagram of a traditional LCD panel backlight apparatus
feedback and protection circuit, each pin of an input terminal
CNI11 is connected to an input voltage, a reference ground, an
enable signal and a dimming signal, wherein the switching
switch control circuit 1 comprises a plurality of power tran-
sistors (not shown in the figure) and a PWM controller 2, and
anoutput terminal of the PWM controller 2 outputs a plurality
of control pulse waves for driving various different switch
topologies to electrically conduct the power transistors (not
shown in the figure), such that the input voltage terminal can
be converted from a primary coil of the transformers T1~T4
to asecondary coil to transmit energy. The leakage inductance
of the secondary coil has a resonance with each serially con-
nected capacitor to produce a sine wave voltage, which is
outputted to two lateral sides of each cold cathode fluorescent
lamp, such that the lamp emits lights to provide a light source
of the backlight apparatus. The leakage inductance of a sec-
ondary coil of the transformer T 1 produces a resonance with
capacitors C11, C12 connected in series; the leakage induc-
tance of a secondary coil of the transformer T2 produces a
resonance with capacitors C21, C22 connected in series; the
leakage inductance of a secondary coil of the transformer T3
produces a resonance with capacitors C31, C32 connected in
series; and the leakage inductance of a secondary coil of the
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2

transformer T4 produces a resonance with capacitors C41,
C42 connected in series. Both terminals of output terminals
CN1~CN4 are connected to a cold cathode fluorescent lamp
for receiving a resonance to produce AC sine wave power
respectively. The purpose of capacitors C12,C22,C32,C42is
to output and divide each high voltage and pass the voltage to
the diodes D11, D21, D31, D41 to obtain a maximum voltage
value, and the voltage-divided resistors R3, R2 are inputted
by a voltage feedback input terminal of the PWM controller 2.
The purpose of the diodes D12, D22, D32, D42 is to clamp a
negative voltage of the capacitors C12, C22, C32, C42 to the
diodes and reduce the voltage to approximately —0.7V. After
the diodes D15, D25, D35, D45 obtain the voltage at the
terminals of the capacitors C12, C22, C32, C42, the voltage is
divided respectively by resistors R14 and R15, R24 and R25,
R34 and R35, and R44 and R45 and filtered by capacitor C13,
(23, C33, C43 to conduct transistors Q11, Q21, Q31, Q41 in
the situation of obtaining a sufficient normal operation time.
If any lamp is short circuited, then the transistors Q11, Q21,
Q31, Q41 cannot be electrically conducted with the reference
ground, and the power voltage VCC will be charged imme-
diately to a capacitor C3 through a resistor R5. Ifthe capacitor
C3 is charged to an operating voltage of the transistor Q1, the
transistor Q1 will be conducted to pull a current feedback
input terminal of the PWM controller 2 to a low potential,
such that the PWM controller 2 stops outputting, and thus
closing all outputs of the backlight apparatus, and the resistor
R33 is used for discharging the energy of the capacitor C3.

Further, the resistors R11, R21, R31, R41 are connected
between the cold cathode fluorescent lamp and the reference
ground for obtaining a current detection signal. Diodes D14,
D24, D34, D44 are used for clamping the negative voltage of
the resistors R11, R21, R31, R41 to the diodes and reducing
the voltage to approximately -0.7V. After the diodes D13,
D23, D33, D43 obtain a maximum voltage value of the resis-
tors R11, R21, R31, R41, the voltage is divided by resistors
R4, R1 and inputted to a current feedback input terminal of
the PWM controller 2. After diodes D16, D26, D36, D46
obtain voltages at the terminals of the resistors R11, R21,
R31,R41, and the voltage is divided by the resistors R12 and
R13, R22 and R23, R32 and R33, and R42 and R43 and
filtered by the capacitors C14, C24, C34, C44, a sufficient
normal operation time can be obtain to conduct the transistors
Q12, Q22, Q32, Q42. If any lamp is open circuited, then the
transistors Q12, Q22, Q32, Q42 cannot be conducted to the
reference ground, and the power voltage VCC will immedi-
ately charge the capacitor C3 through the resistors R6. If the
capacitor C3 is charged to an operating voltage of the tran-
sistor Q1, the transistor Q1 will be conducted to pull the
current feedback input terminal of the PWM controller 2 to a
low potential, so as 1o stop the output of the PWM controller
2, and close all outputs of the backlight apparatus. The short-
comings of the traditional circuit include a use of many dis-
tributed components to achieve the feedback and protection
control circuit, and an increase of the level of difficulty and
the area of the layout of the printed circuit board as well as an
increase of cost of the overall inverter circuit, and a control of
an excessively large range of operating voltages of the tran-
sistor, and thus modulations cannot be made properly or
protections cannot be achieved.

Therefore, it is a subject for the present invention to create
a feedback and protection circuit of a liquid crystal display
panel backlight apparatus that simplifies a traditional feed-
back and protection circuit composed of various different
components and achieve the effects of reducing the area occu-
pied by the circuit component layout and lowering the overall
cost.
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SUMMARY OF THE INVENTION

In view of the shortcoming of the prior art, the inventor of
the present invention based on years of experience in the
related industry to conduct extensive researches and experi-
ments, and finally invented a feedback and protection circuit
of a liquid crystal display panel backlight apparatus, in hope
of adopting a circuit specifically designed in an integrated
circuit to achieve the effects of reducing the area occupied by
a circuit component layout and lowering the overall cost.

Therefore, itis a primary objective of the present invention
10 provide a feedback and protection circuit of a liquid crystal
display panel backlight apparatus, such that a circuit designed
in an integrated circuit can simplify the feedback and protec-
tion circuit composed of various different components to
achieve the effects of reducing the area occupied by a circuit
component layout and lowering the overall cost.

To achieve the foregoing objective, the present invention
provides a feedback and protection circuit of a liquid crystal
display panel backlight apparatus, comprising: at least one
transformer, having a primary pole winding and a primary
winding; a switching switch control circuit, having a PWM
controller, and the switching switch control circuit is con-
nected to an input terminal and the primary winding; a feed-
back and protection control unit, having at least one current
signal input terminal, at least one voltage signal input termi-
nal, a first delay control terminal, a second delay control
terminal and at least one abnormal status protection signal
terminal, and the abnormal status protection signal terminal is
connected to the PWM controller; at least one current detec-
tion component, connected to the current signal input termi-
nal; at least one voltage detection component, connected to
the voltage signal input terminal; and at least one output
terminal, connected to the secondary pole winding, a cold
cathode fluorescent lamp, the current detection component
and the voltage detection component; such that if the cold
cathode fluorescent lamp is open circuited or short circuited,
the feedback and protection control unit will produce an
abnormal status protection signal to the PWM controller
based ona first reference voltage value and a second reference
voltage value, and the switching switch control circuit will
stop all outputs of the LCD panel backlight apparatus.

The circuit is specifically designed in an integrated circuit
1o simply a traditional feedback and protection circuit com-
posed of various different components, so as to achieve the
effects of reducing the area occupied by the circuit compo-
nent layout and lowering the overall cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit block diagram of a traditional feedback
and protection circuit of an LCD panel backlight apparatus;

FIG. 2 is a system block diagram of a feedback and pro-
tection circuit of an LCD panel backlight apparatus in accor-
dance with a preferred embodiment of the present invention;

FIG. 3 is adetailed circuit block diagram of a feedback and
protection circuit of an LCD panel backlight apparatus as
depicted in FIG. 2;

FIG. 4 is a system block diagram of a feedback and pro-
tection circuit of an LCD panel backlight apparatus in accor-
dance with another preferred embodiment of the present
mvention;

FIG. 5 is a circuit block diagram of another feedback and
protection circuit of an LCD panel backlight apparatus as
depicted in FIG. 3; and
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FIG. 6 is a waveform diagram of a feedback and protection
circuit of a liquid crystal display panel backlight apparatus as
depicted in FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

To make it easier for our examiner to understand the objec-
tive, features, and performance of the present invention, we
use preferred embodiments together with the attached draw-
ings for the detailed description of the invention.

Referring to FIG. 2 for a system block diagram of a feed-
back and protection circuit of a liquid crystal display panel
backlight apparatus in accordance with a preferred embodi-
ment of the present invention, FIG. 3 for a detailed internal
circuit block diagram of a feedback and protection circuit of
a liquid crystal display panel backlight apparatus as depicted
in FIG. 2 and FIG. 6 for a waveform diagram of a feedback
and protection circuit of a liquid crystal display panel back-
light apparatus as depicted in FIG. 3, the feedback and pro-
tection circuit system comprises: a plurality of transformers
T1~Tn, each having a primary pole winding and a primary
winding; a switching switch control circuit 1, having a PWM
controller 2, a switching switch control circuit 1 connected to
an input terminal CN11 and a primary winding; a feedback
and protection control unit U1, having a plurality of current
signal input terminals S11~S1n, a plurality of voltage signal
input terminals S21~S2n, a first delay control terminal VC1,
a second delay control terminal VC2 and an abnormal status
protection signal terminal DT connected to an inverted abnor-
mal status protection signal terminal DT' produced by an
inverter INV1, and the abnormal status protection signal ter-
minal DT is connected to a PWM controller 2; a current
detection component comprised of a resistor R11~Rnl and
connected to a current signal input terminal S11~S1n; a volt-
age detection component comprised of a plurality of capaci-
tors C11 and C12, capacitors C21 and C22 . . . and capacitors
Cnl and Cn2 (which can be comprised of a plurality of
resistors, or at least one resistor and a capacitor) and con-
nected to a voltage signal input terminal. A voltage signal
inputted to the current signal input terminal S21~S2n is an AC
voltage signal or an AC voltage signal, and a voltage signal
inputted to the voltage signal input terminal S21~S2n is an
AC voltage signal or a DC voltage signal; and an output
terminal CN1~CNn is connected to a secondary pole wind-
ing, a cold cathode fluorescent lamp, a current detection com-
ponent and a voltage detection component; a current signal
input terminal S11~S1n and a voltage signal input terminal
S21~S2n, each connected to a clamp diode for reducing the
input signal to a level of a negative voltage of the clamp diode.
Therefore, the signals of the voltage signal input terminals
S21~S2n and the current signal input terminals S11~S1n can
be calculated by the following equation:

S21~S2n=VCn2=2%Vo()* [Cnl/(C1+Cn2)]-VD

S11~S1n=Io(n)*Rnl

Where, Vo(1)~Vo(n) are the first output voltage ~the n”
output voltage, Io(I}~To(n) are the [** output current ~the n”
output current and VD is a diode voltage.

After the first feedback output FBI and the second feed-
back output FB2 integrate the signals of current signal input
terminals S11~S1n with the signals of the voltage signal input
terminals S21~S2n, a maximum value is obtained from the
diodes, and the first feedback output FB1 and the second
feedback output FB2 are calculated by the following equa-
tions:
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FR1=[S11~S1#]max-VD

FRI=[S21~S2x]max~VD

If any cold cathode fluorescent lamp is open circuited (or
not lit), several sets of single input current comparators
COMP11~COMP1n compare the peak value of the voltage
signals with a first reference voltage value VERF 1. If the
peak value of the voltage signals is smaller than the first
reference voltage value VERF1, several sets of single input
current comparators COMP11~COMP1n will output a stop
signal, and the voltage of the first delay control terminal VC1.
Ifthe voltage of the first delay control terminal VC1 is greater
than a second reference voltage value VERF2, the feedback
and protection control unit U1 will output an abnormal status
protection signal through an abnormal status protection sig-
nal terminal DT; if the cold cathode fluorescent lamp is short
circuited, several single input voltage comparators
COMP21~COMP2n will compare the peak value of the volt-
age signals with the first reference voltage value VERF1; and
if the peak value of the voltage signals is smaller than the first
reference voltage value VERF1, the voltage comparators
COMP21~COMP2n will output a stop signal, such that the
voltage of the second delay control terminal VC2 is increased
gradually. If the voltage of the second delay control terminal
VC2 is greater than the second reference voltage value
VERF2, the feedback and protection control unit Ul will
output the abnormal status protection signal through the
abnormal status protection signal terminal DT. The method
for delaying the control of the first delay control terminal VC1
and the second delay control terminal VC2 is an internal fixed
delay control method or an external delay control method.

Referring to FIG. 4 for a system block diagram of feedback
and protection circuit of a liquid crystal display panel back-
light apparatus in accordance with another preferred embodi-
ment of the present invention, the output terminal applied for
anLCD TV has no return line (RETURN) as shown in FIG. 4.
Unlike FIG. 4, there is a return line (RETURN) as shown in
FIG. 2, and their difference resides on that the AC waveforms
for the voltage and current input signals are the same, and the
AC waveforms for the voltage and current input signals as
shown in FIG. 4 are inverted. There is no other difference on
their operation, besides the inverted AC waveforms of the
voltage and current input signals, and the applications as
illustrated in FIGS. 2 and 4 provide different choices for the
applications of the present invention.

FIG. 5 is a circuit block diagram of another feedback and
protection circuit of an LCD panel backlight apparatus as
depicted in FIG. 3. The difference of FIG. 5§ with FIG. 3
resides on that several sets of single input current comparators
COMP11~COMP1n and several single input voltage com-
parators COMP21~COMP2n as shown in FIG. 3 are inte-
grated into a plurality of input current comparators COMPI
and a plurality of input voltage comparators COMP2 to sim-
plify the circuit.

In summation of the description above, the present inven-
tion herein enhances the performance over the conventional
structure by designing a circuit into an integrated circuit to
simplify a traditional feedback and protection circuit com-
prised of various different components, so as to achieve the
effects of reducing the area occupied by the circuit compo-
nent layout and lowering the overall cost, and thus the present
invention can comply with the patent application require-
ments and the products produced according to the present
invention can meet the current market requirements.
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What is claimed is:

1. A feedback and protection circuit of a liquid crystal
display panel backlight apparatus, comprising:

atleast one transformer, having a primary pole winding and
a primary winding;

a switching switch control circuit, having a PWM control-
ler, and said switching switch control circuit is con-
nected to an input terminal and said primary winding;

a feedback and protection control unit, having at least one
current signal input terminal, at least one voltage signal
input terminal, a first delay control terminal, a second
delay control terminal and at least one abnormal status
protection signal terminal, and said abnormal status pro-
tection signal terminal is connected to said PWM con-
troller;

at least one current detection component, connected to the
current signal input terminal;

atleast one voltage detection component, connected to said
voltage signal input terminal; and

at least one output terminal, connected to said secondary
pole winding, a cold cathode fluorescent lamp, said cur-
rent detection component and said voltage detection
component;

wherein if said cold cathode fluorescent lamp is open cir-
cuited or short circuited, said feedback and protection
control unit will produce an abnormal status protection
signal to said PWM controller based on a first reference
voltage value and a second reference voltage value to
stop all outputs from said switching switch control cir-
cuit to said LCD panel backlight apparatus.

2. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
current signal input terminal is inputted with a voltage signal
which is either an AC voltage signal or a DC voltage signal.

3. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claims 2, further com-
prising at least one comparator, such that if said cold cathode
fluorescent lamp is open circuited, said comparator will com-
pare a peak value of said voltage signal and said first reference
voltage value; if the peak value of said voltage signal is
smaller than said first reference voltage value, said compara-
tor will output a stop signal, so that said first delay control
terminal voltage is increased gradually; if said first delay
control terminal voltage is greater than said second reference
voltage value, said feedback and protection control unit will
output said abnormal status protection signal from said
abnormal status protection signal terminal; if said cold cath-
ode fluorescent lamp is short circuited, said comparator will
compare a peak value of said voltage signal with said first
reference voltage value; if the peak value of said voltage
signal is smaller than said first reference voltage value, said
comparator will output a stop signal, such that said second
delay control terminal voltage is increased gradually; if said
second delay control terminal voltage is greater than said
second reference voltage value, said feedback and protection
control unit will output said abnormal status protection signal
from said abnormal status protection signal terminal.

4. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
voltage signal input terminal is inputted with a voltage signal
which is either an AC voltage signal or a DC voltage signal.

5. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claims 4, further com-
prising at least one comparator, such that if said cold cathode
fluorescent lamp is open circuited, said comparator will com-
pare a peak value of said voltage signal and said first reference
voltage value; if the peak value of said voltage signal is
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smaller than said first reference voltage value, said compara-
tor will output a stop signal, so that said first delay control
terminal voltage is increased gradually; if said first delay
control terminal voltage is greater than said second reference
voltage value, said feedback and protection control unit will
output said abnormal status protection signal from said
abnormal status protection signal terminal; if said cold cath-
ode fluorescent lamp is short circuited, said comparator will
compare a peak value of said voltage signal with said first
reference voltage value; if the peak value of said voltage
signal is smaller than said first reference voltage value, said
comparator will output a stop signal, such that said second
delay control terminal voltage is increased gradually; if said
second delay control terminal voltage is greater than said
second reference voltage value, said feedback and protection
control unit will output said abnormal status protection signal
from said abnormal status protection signal terminal.

6. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
comparator is a single input or a multiple input.
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7. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
voltage detection component comprises a plurality of resis-
tors and a plurality of capacitor, or at least one resistor and at
least one capacitor.

8. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
current detection component comprises at least one resistor.

9. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
first delay control terminal and said second delay control
terminal are delayed and controlled by an internal fixed delay
control method or an external delay control method.

10. The feedback and protection circuit of a liquid crystal
display panel backlight apparatus of claim 1, wherein said
abnormal status protection signal terminal is connected to an
inverter to produce an inverted abnormal status protection
signal.
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