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BRIDGELESS PFC CIRCUIT FOR CRM AND
CONTROLLING METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a bridgeless power
factor correction (PFC) circuit for a CRM (critical conduction
mode) and a controlling method thereof, which can be
employed to solve the controlling problem of the CRM of the
PFC circuit.

BACKGROUND OF THE INVENTION

[0002] In the conventional boost PFC circuits, the rectify-
ing bridge loss becomes one of the main losses of the switch-
ing mode power supply. Following the requirements regard-
ing the convention efficiency are improved, the bridgeless
boost topology deriving from the conventional boost PFC
circuit has gradually become the focus of the R&D. The
bridgeless boost topology omits the rectifying bridge in the
front stage of the boost PFC circuit, decreases the loss of a
diode, and increases the efficiency. And a dual boost PFC
(DBPFC) circuit belongs to a kind of bridgeless boost topolo-
gies (please refer to FIG. 1). In FIG. 1, the bridgeless PFC
circuit receives the input voltage Vin, generates the output
voltage Vo, and includes diodes D1-D4, switches S1-S2,
inductors [.1-[.2 and an output capacitor Co.

[0003] Inthe applications for the medium and small power
occasions, the conventional boost PFC topology is widely
applied due to its simple configuration, better stability and
smaller switch stress. In the CRM, the inductor current has to
be decreased to zero before the next period begins. Since the
MOSFET can not be turned on before the inductor current
reaching zero and there is no reverse recovery loss of the
boost rectitying diode, the efficiency in this mode is higher.
Besides, since there is no dead time between periods, the
current of AC circuit is continuous, and a triangle wave is
flowing through the winding. The PFC circuit will adjust the
amplitudes of these triangle waves to make the winding cur-
rent be a sinusoidal wave (after rectifying) in average (please
refer to FIG. 2, and the meanings of the regions of the triangle
wave, and the names of the waveforms and the traverse axle
are shown therein).

[0004] In the conventional boost PFC circuit, a method of
measuring the voltage of the auxiliary winding of the boost
inductor is usually employed to judge the zero-crossing time
of the inductor current so as to realize the CRM controlling.
The polarity of the auxiliary winding of the inductor is
reversed to the polarity of the inductor. The voltage of the
auxiliary winding is negative and is proportional to the ampli-
tude of rectified AC voltage when the MOSFET is turned on.
The sensed voltage of the auxiliary winding is positive and is
proportional to a difference between the output voltage and
the rectified AC voltage amplitude when the MOSFET is
turned off. The parasitic capacitance at the output terminal of
the MOSFET (the parasitic capacitance between drain termi-
nal and source terminal of MOSFET) is resonant with the
boost inductor when the inductor current reaches zero. The
voltage of the auxiliary winding is decreased due to the reso-
nance. A signal for turning on the MOSFET is sending out
when the voltage of the auxiliary winding is lower than a
threshold voltage set up by the IC so as to realize the CRM
controlling. This kind of method is employed by many ICs,
e.g., L6561, FAN7528, NCP1606, UCC38050 etc. (please
refer to FIG. 3). FIG. 3 is a schematic circuit diagram of a
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conventional boost PFC circuit realizing the CRM controlling
through measuring the voltage of the auxiliary winding of the
boost inductor. In FIG. 3, the PFC circuit receives an input
voltage Vin and generates an output voltage V0, and includes
diodes D1-D6, resistors R1-R6 and R, switch S1, IC
FAN7529 (having terminals V.., MOT, COMP, GND, CS,
INV, and ZCD), inductor L1 and auxiliary winding NAUX
and capacitors C1-C2 and Co, wherein GND is the grounding
terminal.

[0005] FIGS. 4(a)-4(b) are schematic circuit diagrams
showing the statuses of the positive half-cycle and the nega-
tive half-cycle of a period of frequency of the conventional
dual boost PFC circuit respectively. The elements included in
FIGS. 4(a)-4(b) are the same as those of FIG. 1, wherein the
driving signals of the switches S1 and S2 have the same phase.
L1, D3, D1, S1 and C1 form a boost circuit when the input
voltage is in its positive half-cycle. The current flows through
L1 and S1 when S1 turns on, and there are two returning
paths, one is returning via D1 and the other is returning via S2
and L.2. The current flows through .1, D3 and C1 when S1
turns off, and the returning paths are the same as above-
mentioned, one is returning via D1 and the other is returning
via the body diode of S2 and [.2. 1.2, D4, S2, D2 and C1 form
another boost circuit when the input voltage is in its negative
half-cycle. The current flows through [.2 and S2 when S2
turns on, and one of the returning paths is returning via D2 and
the other is returning via S1and [L1. The current flows through
L2, D4 and C1 when S2 turns off, and one of the returning
paths is returning via D2 and the other is returning via the
body diode of S1 and [.1. Due to that D1 and D2 clamp the AC
power source to the negative output terminal of the boost
circuit, a common mode noise, which is the same as the
conventional boost PFC circuit, could be obtained. Since the
current flows through only two elements during a switch
period, the conduction loss is decreased.

[0006] FIG. 5 is a schematic circuit diagram of a conven-
tional dual boost PFC circuit realizing the CRM controlling
via employing a current transformer (CT). Except for a por-
tion which is the same as that of FIG. 1, it further includes an
RS flip-flop, a comparator, an error amplifier (EA) and three
CTs CT1-CT3. Since the dual boost PFC circuit has three
current subcircuits during the positive and negative half-
cycles of the input voltage, the three corresponding CTs CT1-
CT3 must be used to sample the inductor current so as to turn
on the MOSFET for realizing the CRM controlling. The
turn-off time period of MOSFET is determined by the ramp
signal and the output signal Vcomp of the error amplifier EA.
[0007] FIG. 6 is the waveform diagram of the controlling
signals of the circuit as shown in FIG. 5, which includes the
inductor current (signal), CT signal, the ramp signal, Q1
driving (signal) and Q2 driving (signal). Because the inductor
current signal is sampled through the CT, its amplitude is
varied according to the high/low of the input AC voltage and
the light/heavy of the output load. The inductor current signal
is easy to be interfered by the noise when the amplitude of
inductor current is quite small such that the turn-on of the
MOSFET produces error implementation and the zero-cur-
rent switching (ZCS) condition is lost. When the input voltage
is quite high, the descending slope of the inductor current is
decreased slowly. Due to that the measuring threshold value is
quite small, MOSFET is turned on before the inductor current
decreases to zero, which will increase the turn-on loss.
[0008] FIG. 7 is a waveform diagram showing a failure of
measuring the inductor current reaching zero under high
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input voltage and full-load condition (264Vin and 310 W
load) of the circuit as shown in FIG. 5.

[0009] Keeping the drawbacks of the prior arts in mind, and
employing experiments and research full-heartily and persis-
tently, the applicant finally conceived a bridgeless power
factor correction circuit for a CRM and a controlling method
thereof.

SUMMARY OF THE INVENTION

[0010] It is therefore an object of the present invention to
provide a method measuring a combined voltage of two
inductor auxiliary windings to realize the measurement of the
zero-crossing current of the inductor so as to control the
DBPFC to work under the CRM. The controlling method
does not need to measure the inductor current, does not need
to measure the AC input voltage, could obtain the signal of the
zero-crossing current of the inductor current irrelevant to the
AC input voltage and the output load, and which causes the
MOSFET turn on accurately, and the switching on loss to be
decreased. The efficiency is higher.

[0011] According to the first aspect of the present inven-
tion, a bridgeless power factor correction (PFC) circuit sys-
tem includes a bridgeless PFC circuit having a first and a
second input terminals, a first and a second output terminals,
a first switch having a first terminal and a second terminal
coupled to the second output terminal, a first inductor having
afirst terminal coupled to the first input terminal and a second
terminal coupled to the first terminal of the first switch, and a
second inductor having a first terminal coupled to the second
input terminal, and a sensing circuit including a first auxiliary
winding magnetically coupled to the first inductor and gen-
erating a first sensing signal, a second auxiliary winding
magnetically coupled to the second inductor and generating a
second sensing signal, wherein the first and the second sens-
ing signals are used to generate an inductor current sensing
signal and the first switch is turned on when a value of the
inductor current sensing signal is a predetermined value.
[0012] Preferably, the bridgeless PFC circuit further
includes a first diode having an anode coupled to the second
terminal of the first switch and a cathode coupled to the first
terminal of the second inductor, and a second diode having an
anode coupled to the second terminal of the first switch and a
cathode coupled to the first terminal of the first inductor, the
sensing circuit is an inductor current sensing circuit, the first
and the second auxiliary windings have two first terminals
generating the first and the second sensing signals respec-
tively and two second terminals, each the second terminal has
one of a function of receiving a predetermined voltage value
and a function of grounding, a first polarity of the first auxil-
iary winding is reverse to a first polarity of the first inductor,
a first polarity of the second auxiliary winding is reverse to a
first polarity of the second inductor, and the inductor current
sensing circuit further includes a first resistor having a first
terminal coupled to the first terminal of the second auxiliary
winding and a second terminal, a second resistor having a first
terminal coupled to the first terminal of the first auxiliary
winding and a second terminal coupled to the second terminal
of the first resistor, and a capacitor having a first terminal
coupled to the second terminal of the second resistor and
outputting the inductor current sensing signal, and a second
terminal grounded.

[0013] Preferably, the bridgeless PFC circuit is a dual boost
PFC circuit, the dual boost PFC circuit further includes a
second switch, the second switch is turned on when a value of
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the inductor current sensing signal is a predetermined value,
and the first and the second resistors have the same resistance.

[0014] Preferably, the system further includes a control
circuit, wherein the second inductor further includes a second
terminal, the bridgeless PFC circuit is a dual boost PFC
circuit including a second switch having a first and a second
terminals and a first and a second diodes, each of the first and
the second diodes has an anode and a cathode, the anode of the
first diode is coupled to the second terminal of the first induc-
tor, the cathode of the first diode is coupled to the first output
terminal, the anode of the second diode is coupled to the
second terminal of the second inductor and the first terminal
of the second switch, the cathode of the second diode is
coupled to the first output terminal, the second terminals of
the first and the second switches are coupled to the second
output terminal, and the control circuit includes an error
amplifier receiving a reference voltage and an output voltage
feedback signal generated by the dual boost PFC circuit, and
generating a first output signal, a comparator receiving the
first output signal and an external ramp signal, and generating
a second output signal, and a flip-flop having a first input
terminal receiving the inductor current sensing signal, a sec-
ond input terminal receiving the second output signal and an
output terminal generating a driving signal driving the first
and the second switches.

[0015]

[0016] According to the second aspect of the present inven-
tion, a bridgeless power factor correction (PFC) circuit sys-
tem includes a bridgeless PFC circuit having a first and a
second input terminals, a first switch having a first terminal, a
first inductor having a first terminal coupled to the first input
terminal and a second terminal coupled to the first terminal of
the first switch, and a second inductor having a first terminal
coupled to the second input terminal, a first auxiliary winding
coupled to the first inductor and generating a first sensing
signal, and a second auxiliary winding coupled to the second
inductor and generating a second sensing signal, wherein the
first and the second sensing signals are used to generate an
inductor current sensing signal and the first switch is turned
on when a value of the inductor current sensing signal is a
predetermined value.

[0017] Preferably, the first switch further includes a second
terminal, the bridgeless PFC circuit further includes a first
diode having an anode coupled to the second terminal of the
first switch and a cathode coupled to the first terminal of the
second inductor, and a second diode having an anode coupled
to the second terminal of the first switch and a cathode
coupled to the first terminal of the first inductor, the first
auxiliary winding has a first polarity reversed to a first polar-
ity of the first inductor, the second auxiliary winding has a
first polarity reversed to a first polarity of the second inductor,
the first and the second auxiliary windings respectively have
two first terminals outputting the first and the second sensing
signals respectively and two second terminals, each the sec-
ond terminal has one of a function of receiving a predeter-
mined voltage value and a function of grounding, and the
system further includes a first resistor having a first terminal
coupled to the first terminal of the second auxiliary winding
and a second terminal, a second resistor having a first terminal
coupled to the first terminal of the first auxiliary winding and
a second terminal coupled to the second terminal of the first
resistor, and a capacitor having a first terminal coupled to the

Preferably, the flip-flop is an RS flip-flop.
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second terminal of the second resistor and outputting the
inductor current sensing signal, and a second terminal
grounded.

[0018] Preferably, the first and the second resistors have the
same resistance.

[0019] Preferably, the system further includes a control
circuit, wherein the second inductor further includes a second
terminal, the bridgeless PFC circuit is a dual boost PFC
circuit including a first and a second output terminals, a
second switch having a first and a second terminals, and a
third and a fourth diodes, each of the third and the fourth
diodes has an anode and a cathode, the anode of the third
diode is coupled to the second terminal of the first inductor,
the cathode of the third diode is coupled to the first output
terminal, the anode of the fourth diode is coupled to the
second terminal of the second inductor and the first terminal
of the second switch, the cathode of the fourth diode is
coupled to the first output terminal, the second terminals of
the first and the second switches are coupled to the second
output terminal, and the control circuit includes an error
amplifier receiving a reference voltage and an output voltage
feedback signal generated by the dual boost PFC circuit, and
generating a first output signal, a comparator receiving the
first output signal and an external ramp signal, and generating
a second output signal, and a flip-flop having a first input
terminal receiving the inductor current sensing signal, a sec-
ond input terminal receiving the second output signal and an
output terminal generating a driving signal to drive the first
and the second switches.

[0020] According to the third aspect of the present inven-
tion, a controlling method for a bridgeless PFC circuit sys-
tem, wherein the system includes a bridgeless PFC circuit
having a first switch, a first and a second inductors, a first
auxiliary winding coupled to the first inductor and a second
auxiliary winding coupled to the second inductor, includes
steps of: causing the first auxiliary winding to generate a first
sensing signal; causing the second auxiliary winding to gen-
erate a second sensing signal; using the first sensing signal
and the second sensing signal to generate an inductor current
sensing signal; and turning on the first switch when a value of
the inductor current sensing signal is a predetermined value.
[0021] Preferably, the first auxiliary winding has a first
polarity reversed to a first polarity of the first inductor, and the
second auxiliary winding has a first polarity reversed to a first
polarity of the second inductor.

[0022] Preferably, the bridgeless PFC circuit is a dual boost
PFC circuit.
[0023] Preferably, the method further includes a step of:

turning on the second switch when a value of the inductor
current sensing signal is a predetermined value.

[0024] Preferably, the method further includes a step of:
generating a driving signal to drive the first and the second
switches.

[0025] According to the fourth aspect of the present inven-
tion, a bridgeless PFC circuit system includes a bridgeless
PFC circuit having a first and a second output terminals, a first
and a second power input terminals, a first and a second
inductors, two switch bridges, an output capacitor, wherein
the two switch bridges and the output capacitor are connected
between the first and the second output terminals, each the
switch bridge includes two series connected switches having
a middle point, one of the two series connected switches is a
controllable switch connected to the second output terminal,
and each the middle point connected to the respective first and
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second power input terminals via the first and the second
inductors, two clamping switches connected to the second
output terminal and the first and the second power input
terminals, a first auxiliary winding coupled to the first induc-
tor and generating a first sensing signal, and a second auxil-
iary winding coupled to the second inductor and generating a
second sensing signal, and a signal processing circuit pro-
cessing the first and the second sensing signals and generating
a control signal to control each the controllable switch.

[0026] Preferably, the two clamping switches are two
diodes.
[0027] Preferably, the control signal is a zero-crossing cur-

rent signal generated via accumulating the first and the sec-
ond sensing signals to control each the controllable switch
accordingly.

[0028] The present invention may best be understood
through the following descriptions with reference to the
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 shows a circuit diagram of a dual boost PFC
circuit in the prior art;

[0030] FIG. 2 shows a waveform diagram of the inductor
current under the CRM;

[0031] FIG. 3 shows a schematic circuit diagram of a con-
ventional boost PFC circuit realizing the CRM controlling
through measuring the voltage of the auxiliary winding of the
boost inductor;

[0032] FIGS. 4(a)-4(b) are schematic circuit diagrams
showing the statuses of the positive half-cycle and the nega-
tive half-cycle of a period of frequency of the conventional
dual boost PFC circuit respectively;

[0033] FIG. 5 shows a schematic circuit diagram of a con-
ventional dual boost PFC circuit realizing the CRM control-
ling via employing a CT;

[0034] FIG. 6 shows a waveform diagram of the controlling
signals of the circuit as shown in FIG. 5;

[0035] FIG. 7 is a waveform diagram showing a failure of
measuring the zero-crossing inductor current under high
input voltage and full-load condition (264Vin and 310 W
load) of the circuit as shown in FIG. 5;

[0036] FIG. 8 shows a schematic circuit diagram of a dual
boost PFC circuit employing two auxiliary windings to real-
ize the CRM controlling according to the preferred embodi-
ment of the present invention;

[0037] FIG.9is awaveform diagram of the circuit as shown
in FIG. 8;
[0038] FIGS. 10-13 show the switches’ statuses and the

currents’ flowing directions of four different stages when the
input voltage is in the positive half-cycle according to the
circuit as shown in FIG. 8; and

[0039] FIG. 14 is a waveform diagram showing the wave-
forms for the zero-crossing inductor current measurement of
the circuit as shown in FIG. 8 under the light load (90Vin and
40 W load).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0040] In the dual boost PFC circuit as shown in FIGS.
4(a)-4(b), although at each moment the two inductors are
having currents flowing through simultaneously, one inductor
voltage is clamped at the conduction voltage drop ofthe diode
D1 or the diode D2 in the circuit when another inductor is
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implemented as a boost inductor. Due to that this conduction
voltage drop is quite small, the voltage amplitude of the
auxiliary winding is approximately zero, while the other
inductor is under a boost mode. According to this feature, the
method for measuring the auxiliary winding voltage of the
boost inductor as shown in FIG. 3 could be employed to
realize CRM controlling, that is to accumulate the voltages
sensed by the two auxiliary windings through two resistors
having the same resistance R1 and R2.

[0041] AsshowninFIG. 8, it is a schematic circuit diagram
of'a dual boost PFC circuit employing two auxiliary windings
to realize the CRM controlling according to the preferred
embodiment of the present invention. The voltage V1 sensed
by the auxiliary winding ofthe inductor .1 and the voltage V2
sensed by the auxiliary winding of the inductor 1.2 are going
through the two resistors having the same resistance R1 and
R2 respectively so as to be accumulated as a measuring signal
of the zero-crossing inductor current and the MOSFET con-
duction. In the circuit as shown in FIGS. 4(a)-4(b), the mea-
suring signal of the zero-crossing inductor current and the
MOSFET conduction is accumulated by the sensed signals of
the three CTs CT1-CT3. In the circuit as shown in FIG. 8, the
amplitude of the measuring signal accumulated by the volt-
ages of two auxiliary windings of the inductor is higher than
the amplitude of the aforementioned one, and the noise mar-
gin is higher such that the implementation of the MOSFET is
accurate and the switching on loss is decreased. Besides, the
measuring signal accumulated by the voltages of two auxil-
iary windings ofthe inductor has stable amplitude than that of
the above-mentioned one and is irrelevant to the load and ac
input voltage. The differences between FIG. 8 and FIG. 5 are
that itincreases two auxiliary windings NAUX1 and NAUX2,
two resistors having the same resistance R1 and R2, and a
measuring terminal capacitor C3, and decreases three CTs
CT1-CT3.

[0042] FIG.9isawaveform diagram of the circuit as shown
in FIG. 8. FIGS. 10-13 show the switches’ statuses and the
currents’ flowing directions of four different stages when the
input voltage is in the positive half-cycle according to the
circuit as shown in FIG. 8. The analyses of the stages of the
circuit when the input voltage is in the negative half-cycle are
the similar to those of the stages of the circuit when the input
voltage is in the positive half-cycle. n is the turns ratio of the
auxiliary winding NAUX1 and the inductors L1, the auxiliary
winding NAUX2 and the inductors 1.2.

[0043] As shown in FIGS. 9 and 10, at the first stage of the
circuit as shown in FIG. 8, two MOSFETs (S1 and S2) are
turned on simultaneously, the current flows through L1 and
S1, and returns through S2, [.2 and D1 respectively. During
this period, the inductor current is linearly increased to ipz 4 -
The sensed voltage V1 of the auxiliary winding of the induc-
tor L1 is a negative voltage, the amplitude of which is larger,
and is —-n(Vin-V 4, -V, ), wherein V, is the voltage of the
switch S1, V,, is the voltage of the diode D1. The sensed
voltage V2 of the auxiliary winding of the inductor [.2 is a
positive voltage, the amplitude of which is quite small, and is
n(V =V, ). These two voltage signals are going through two
resistors having the same resistance R1 and R2 respectively
and accumulated as the measuring signal of zero-crossing
inductor current, the measuring signal has a negative value at
this stage, and is clamped by the regulating diode in the IC in
general. At the beginning of this stage, the measuring signal
triggers the MOSFET driving signal, the MOSFET is turned
off after
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L 2PourL
M1 =
vz

wherein P, is the output power value, L is the inductor
value, Vac is the input AC voltage value.

[0044] As shown in FIGS. 9 and 11, at the second stage of
the circuit, two MOSFETs (S1 and S2) are turned off simul-
taneously, the current flows through L1, D3 and C1, and
returns through S_D2, [.2 and D1 respectively. During this
period, the inductor current is (V,,+V 53+ V5, =V,,,), wherein
V o718 the output voltage V , V5 is the voltage of the diode
D3, the inductor current is linearly decreased to zero. The
sensed voltage V1 of the auxiliary winding of the inductor L1
is a positive voltage, the amplitude of which is larger, and is
n(V,,+Vps+Vp=V,,). The sensed voltage V2 of the auxil-
iary winding of the inductor [.2 is a positive voltage, the
amplitude of which is quite small, and is n(V5,-Vs 1),
wherein Vg ,,, is the voltage at the node S_D2. These two
voltage signals are going through two resistors having the
same resistance R1 and R2 respectively and accumulated, the
measuring signal has a positive value at this stage, and is far
larger than the measuring threshold value required by con-
ducting the MOSFET. At this stage,

ipEAK

w2=o—————— L
Vou + Vp3 + Vp1 = Vin

wherein i,z is the peak value of the inductor current.
[0045] Asshown in FIGS. 9 and 12, at the third stage of the
circuit, the diode D3 is turned off after the diode current
reaches zero and does not generate the reverse recovery cur-
rent. The parasitic capacitance COSS1 of the switch S1 dis-
charges and is resonant with the inductor L1 through the
capacitor C2. There is no current flowing through the inductor
L2, and the sensed voltage V2 of the auxiliary winding N ;-
of the inductor [.2 is zero. The sensed voltage V1 of the
auxiliary winding N, of the inductor L1 is resonantly
decreased, and the amplitude of which is zero at the end of
that stage. These two voltage signals are going through two
resistors having the same resistance R1 and R2 respectively
and accumulated. Due to the existing of the measuring termi-
nal capacitor C3, the measuring terminal voltage is still larger
than the measuring threshold value required by conducting
the MOSFET. At this stage,

Fie
s =5 VLCoss ,

wherein L is the inductor value, and C,g is the parasitic
capacitance value.

[0046] As shown in FIGS. 9 and 13, at the fourth stage of
the circuit, the parasitic capacitance COSS1 of the switch S1
is resonant with the inductor [.1 through the capacitor C2
continuously, and the current path is the same as the previous
stage. The sensed voltage V2 of the auxiliary winding N, ;1
of the inductor [.2 is zero. The sensed voltage V1 of the
auxiliary winding N ,,,, of the inductor L1 is resonant and
decreased to a negative value. At the end of the stage, the
amplitude of which is close to -n(V,,~Vs, -V, ), and corre-
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sponds to VDS (the drain to source voltage of S1) closing to
zero. These two voltage signals are accumulated, and go
through a delay time of RC/2 (wherein R is the resistance
value R of the resistors R1 and R2, and C is the capacitance
value of the capacitor C3), the voltage value is lower than the
measuring threshold value required by conducting the MOS-
FET, the MOSFET is turned on, and the four stages of the
positive half-cycle are ended. At this stage,

T
e = z VLCpss = RC/Z.

[0047] FIG. 14 is a waveform diagram showing the wave-
forms for the zero-crossing inductor current measurement of
the circuit as shown in FIG. 8 under the light load (90Vin and
40 W load). In which, there is no occasion of “the switch is
turned on when the current is not zero yet” as shown in FIG.
7 of the prior art, and the present invention can truly be used
to decrease the relevant losses of the bridgeless PFC circuit.
[0048] According to the aforementioned descriptions, the
present invention provides a method for measuring a com-
bined voltage of two inductor auxiliary windings to realize
the measurement of the zero-crossing current of the inductor
so as to control the DBPFC to work under the CRM. The
controlling method does not need to measure the inductor
current, does not need to measure the AC input voltage, could
obtain the measuring signal of the zero-crossing current of the
inductor current irrelevant to the AC input voltage and the
output load, and which possesses the advantages of the MOS-
FET implementations are accurate, the turn-on losses are
decreased, and the efficiency is improved.

[0049] While the invention has been described in terms of
what are presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion need not be limited to the disclosed embodiment. On the
contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, which are to be accorded with the
broadest interpretation so as to encompass all such modifica-
tions and similar structures. Therefore, the above description
and illustration should not be taken as limiting the scope of
the present invention which is defined by the appended
claims.

What is claimed is:

1. A bridgeless power factor correction (PFC) circuit sys-
tem, comprising:

a bridgeless PFC circuit having:

a first and a second input terminals;

a first and a second output terminals;

a first switch having a first terminal and a second termi-
nal coupled to the second output terminal;

a first inductor having a first terminal coupled to the first
input terminal and a second terminal coupled to the
first terminal of the first switch; and

a second inductor having a first terminal coupled to the
second input terminal; and

a sensing circuit, comprising:

afirst auxiliary winding magnetically coupled to the first
inductor and generating a first sensing signal;

a second auxiliary winding magnetically coupled to the
second inductor and generating a second sensing sig-
nal,
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wherein the first and the second sensing signals are used to
generate an inductor current sensing signal and the first
switch is turned on when a value of the inductor current
sensing signal is a predetermined value.

2. A system according to claim 1, wherein the bridgeless
PFC circuit further comprises a first diode having an anode
coupled to the second terminal of the first switch and a cath-
ode coupled to the first terminal of the second inductor, and a
second diode having an anode coupled to the second terminal
of' the first switch and a cathode coupled to the first terminal
of the first inductor.

3. A system according to claim 1, wherein the sensing
circuit is an inductor current sensing circuit, the first and the
second auxiliary windings respectively have two first termi-
nals generating the first and the second sensing signals
respectively and two second terminals, each the second ter-
minal has one of a function of receiving a predetermined
voltage value and a function of grounding, a first polarity of
the first auxiliary winding is reverse to a first polarity of the
first inductor, a first polarity of the second auxiliary winding
is reverse to a first polarity of the second inductor, and the
inductor current sensing circuit further comprises:

a first resistor having a first terminal coupled to the first
terminal of the second auxiliary winding and a second
terminal;

a second resistor having a first terminal coupled to the first
terminal of the first auxiliary winding and a second
terminal coupled to the second terminal of the first resis-
tor; and

a capacitor having a first terminal coupled to the second
terminal of the second resistor and outputting the induc-
tor current sensing signal, and a second terminal
grounded.

4. A system according to claim 3, wherein the bridgeless
PFC circuit is a dual boost PFC circuit, the dual boost PFC
circuit further comprises a second switch, the second switch
is turned on when a value of the inductor current sensing
signal is a predetermined value, and the first and the second
resistors have the same resistance.

5. A system according to claim 1, wherein the second
inductor further comprises a second terminal, the bridgeless
PFC circuit is a dual boost PFC circuit comprising a second
switch having a first and a second terminals and a third and a
fourth diodes, each of the third and the fourth diodes has an
anode and a cathode, the anode ofthe third diode is coupled to
the second terminal of the first inductor, the cathode of the
third diode is coupled to the first output terminal, the anode of
the fourth diode is coupled to the second terminal of the
second inductor and the first terminal of the second switch,
the cathode of the fourth diode is coupled to the first output
terminal, and the second terminals of the first and the second
switches are coupled to the second output terminal.

6. A system according to claim 5 further comprising a
control circuit, wherein and the control circuit comprises:

an error amplifier receiving a reference voltage and an

output voltage feedback signal generated by the dual
boost PFC circuit, and generating a first output signal;

a comparator receiving the first output signal and an exter-

nal ramp signal, and generating a second output signal;
and

a flip-flop having a first input terminal receiving the induc-

tor current sensing signal, a second input terminal
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receiving the second output signal and an output termi-

nal generating a driving signal driving the first and the

second switches.

7. A system according to claim 6, wherein the flip-flop is an
RS flip-flop.

8. A bridgeless power factor correction (PFC) circuit sys-
tem, comprising:

a bridgeless PFC circuit having:

a first and a second input terminals;

a first switch having a first terminal;

a first inductor having a first terminal coupled to the first
input terminal and a second terminal coupled to the
first terminal of the first switch; and

a second inductor having a first terminal coupled to the
second input terminal;

a first auxiliary winding coupled to the first inductor and
generating a first sensing signal; and

a second auxiliary winding coupled to the second inductor
and generating a second sensing signal,

wherein the first and the second sensing signals are used to
generate an inductor current sensing signal and the first
switch is turned on when a value of the inductor current
sensing signal is a predetermined value.

9. A system according to claim 8, wherein the first switch
further comprises a second terminal, the bridgeless PFC cir-
cuit further comprises a first diode having an anode coupled to
the second terminal of the first switch and a cathode coupled
to the first terminal of the second inductor, and a second diode
having an anode coupled to the second terminal of the first
switch and a cathode coupled to the first terminal of the first
inductor, the first auxiliary winding has a first polarity
reversed to a first polarity of the first inductor, the second
auxiliary winding has a first polarity reversed to a first polar-
ity of the second inductor, the first and the second auxiliary
windings respectively have two first terminals outputting the
first and the second sensing signals respectively and two
second terminals, each the second terminal has one of a
function of receiving a predetermined voltage value and a
function of grounding, and the system further comprises

a first resistor having a first terminal coupled to the first
terminal of the second auxiliary winding and a second
terminal;

a second resistor having a first terminal coupled to the first
terminal of the first auxiliary winding and a second
terminal coupled to the second terminal of the first resis-
tor; and

a capacitor having a first terminal coupled to the second
terminal of the second resistor and outputting the induc-
tor current sensing signal, and a second terminal
grounded.

10. A system according to claim 9, wherein the first and the

second resistors have the same resistance.

11. A system according to claim 9 further comprising a
control circuit, wherein the second inductor further com-
prises a second terminal, the bridgeless PFC circuit is a dual
boost PFC circuit comprising a first and a second output
terminals, a second switch having a first and a second termi-
nals, and a third and a fourth diodes, each of the third and the
fourth diodes has an anode and a cathode, the anode of the
third diode is coupled to the second terminal of the first
inductor, the cathode of the third diode is coupled to the first
output terminal, the anode of the fourth diode is coupled to the
second terminal of the second inductor and the first terminal
of the second switch, the cathode of the fourth diode is
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coupled to the first output terminal, the second terminals of
the first and the second switches are coupled to the second
output terminal, and the control circuit comprises:

an error amplifier receiving a reference voltage and an

output voltage feedback signal generated by the dual
boost PFC circuit, and generating a first output signal;

a comparator receiving the first output signal and an exter-

nal ramp signal, and generating a second output signal;
and

a flip-flop having a first input terminal receiving the induc-

tor current sensing signal, a second input terminal
receiving the second output signal and an output termi-
nal generating a driving signal to drive the first and the
second switches.

12. A controlling method for a bridgeless power factor
correction (PFC) circuit system, wherein the system com-
prises a bridgeless PFC circuit having a first switch, a firstand
a second inductors, a first auxiliary winding coupled to the
first inductor and a second auxiliary winding coupled to the
second inductor, comprising steps of:

causing the first auxiliary winding to generate a first sens-

ing signal;

causing the second auxiliary winding to generate a second

sensing signal;

using the first sensing signal and the second sensing signal

to generate an inductor current sensing signal; and
turning on the first switch when a value of the inductor
current sensing signal is a predetermined value.

13. A method according to claim 12, wherein the first
auxiliary winding has a first polarity reversed to a first polar-
ity of the first inductor, and the second auxiliary winding has
a first polarity reversed to a first polarity of the second induc-
tor.

14. A method according to claim 12, wherein the bridgeless
PFC circuit is a dual boost PFC circuit as claimed in claim 4.

15. A method according to claim 14 further comprising a
step of: turning on the second switch when a value of the
inductor current sensing signal is a predetermined value.

16. A method according to claim 12, wherein the bridgeless
PFC circuit is a dual boost PFC circuit as claimed in claim 6.

17. A method according to claim 16 further comprising a
step of:

generating a driving signal to drive the first and the second

switches.

18. A bridgeless power factor correction (PFC) circuit sys-
tem, comprising:

a bridgeless PFC circuit having:

a first and a second output terminals;

a first and a second power input terminals;

a first and a second inductors;

two switch bridges;

an output capacitor, wherein the two switch bridges and
the output capacitor are connected between the first
and the second output terminals, each the switch
bridge comprises two series connected switches hav-
ing a middle point, one of the two series connected
switches is a controllable switch connected to the
second output terminal, and each the middle point
connected to the respective first and second power
input terminals via the first and the second inductors;

two clamping switches connected to the second output
terminal and the first and the second power input
terminals;
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afirst auxiliary winding coupled to the first inductor and
generating a first sensing signal; and
a second auxiliary winding coupled to the second induc-
tor and generating a second sensing signal; and
a signal processing circuit processing the first and the sec-

ond sensing signals and generating a control signal to
control each the controllable switch.
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19. A system according to claim 18, wherein the two
clamping switches are two diodes.

20. A system according to claim 18, wherein the control
signal is a zero-crossing current signal generated via accu-
mulating the first and the second sensing signals to control
each the controllable switch accordingly.

sk sk sk sk sk



FURTHER READING

Click any one of the following links to be taken to a website which contains
the following documents.

There appears to be a lot of recent patent activity in the area
of building "bridgeless PFC convertors". The following are
some of the patents.

11 584 983 Method and_apparatus_for high efficieny rectifier
11_204_307_AC_to_DC_power_supply with_PF

11 302 544 Simple partial switching power_ factor_ correction
11_474_712_ BRIDGELESS BI_DIRECTIONAL FORWARD TYPE_ CONVERTER
11 480 004 High efficiency power_ converter system
11_706_645_AC_to_DC_voltage_converter_as_power_supply

12 401 983 BRIDGELESS PFC _CIRCUIT FOR_CRM
12_798_682_Bridgeless_PFC_converter

3295043 _MASSEY D_C__TO_D_C__ REGULATED CONVERTER
4183079_DC_AC_inverter

4523266_AC_to_DC_conversion_system
4943902_AC_to_DC_power_converter_and_method
5570276_Switching_converter_with_open_loop_input_regulation
5815380_Switching_converter_with_open_loop_Primary_regqulation
5815384 _Transformer_uses_bi_directional_synch_Rectifiers
6115267_AC_DC_converter_with_no_input_rectifiers
6157182_DC_DC_converter_with_multiple_operating_modes

6608522 DC_to_DC_converter providing_stable_ operation
7250742_Digital_control_of_ bridgeless_power_factor_correction
7265591_CMOS_driver_with_minimum_ shoot_through

And here is some more information for those who may be interested.

A BIDIRECTIONAL PWM THREE-PHASE STEP-DOWN RECTIFIER

A bidirectional, sinusoidal, high-frequency inverter

A DUAL INPUT BIDIRECTIONAL POWER CONVERTER

A new structure for bidirectional Power flow

BI-DIRECTIONAL INVERTER-CHARGER

Bi-directional single-phase half-bridge rectifier for power quality
BiDirectional Converter

Bidirectional_ UP_Inverter

Synthesis of Input-Rectifierless AC/DC
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