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BRIDGELESS PFC CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Provisional U.S. Patent Application No. 61/212,430
[0002] Filed on Apr. 11, 2009
[0003] Applicant: Slobodan Cuk
[0004] Title: Bridgeless PFC Converter
[0005] Confirmation Number: 9358
FIELD OF THE INVENTION
[0006] This invention relates to the field of switching DC-

to-DC converters and more specifically to their use as a Power
Factor Correction (PFC) converter part of an AC-DC con-
verter. When suitably controlled PFC converters force the
input AC current wave shape to be sinusoidal and in phase,
and proportional with input AC voltage thus resulting in desir-
able low harmonic content and maximum available real
power drawn from the AC line.

[0007] This invention also relates to the DC-DC converters,
which have DC voltage step-up characteristic as this is a
desired prerequisite for performing Power Factor Correction
function. Prior-art boost converter is the most often used
converter for that application. As the front-end diode bridge is
inefficient, many variants of the boost DC-DC converter are
proposed with an objective to reduce diode bridge rectifica-
tion to only two diodes instead of the four diodes of the
full-bridge and thereby improve efficiency, such as a dual
boost converter and a number of its variants. The boost con-
verter does not have an isolated variant; so all PFC converters
based on the boost converter are limited to non-isolated PFC
applications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1a illustrates the prior-art AC-DC converter
with full-bridge rectifier and large capacitor and

[0009] FIG. 15 illustrates the bad Power Factor of the AC-
DC converter in FIG. 1a.

[0010] FIG. 2a illustrates the prior-art method of Power
Factor Correction by use of the switching DC-DC converters,
FIG. 2b illustrates the AC line voltage and AC line current
drawn from the PFC converter of FIG. 2a and FIG. 2c¢ illus-
trates the output of the full-bridge rectifier of FIG. 2a.
[0011] FIG. 3a shows a prior-art boost converter, FIG. 35
shows the switch states of the boost converter in FIG. 34 and
FIG. 3¢ shows a DC voltage step-up gain characteristic of the
boost converter of FIG. 3a.

[0012] FIG. 4 shows the prior-art boost converter used
together with the full-bridge rectifier as a Power Factor Cor-
rector.

[0013] FIG. 5 shows a prior-art PFC converter.
[0014] FIG. 6 shows a prior-art PFC converter.
[0015] FIG. 7 shows a prior-art PFC converter.
[0016] FIG. 8 shows a prior-art PFC converter.
[0017] FIG. 9 shows a prior-art PFC converter.
[0018] FIG. 10 illustrates a new Bridgeless Power Factor

Correction method.

[0019] FIG. 11a illustrates a new Bridgeless Power Factor
Converter with a controllable switch S, that must be voltage
bi-directional and operate in first and third quadrant and F1G.
115 illustrates the implementation of the switch S, in con-
verter of FIG. 11a with the two N-channel MOSFET
switches.
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[0020] FIG. 12a shows a block diagram of the prior-art PFC
control circuit of the converter in FIG. 2a and FIG. 126 shows
a block diagram of the control method used for new Bridge-
less PFC converter of FIG. 115.

[0021] FIG. 13a shows the AC line input voltage for con-
verter in FIG. 11a and FIG. 135 shows AC line current drawn
by the Bridgeless PFC converter of FIG. 115 displaying the
input high frequency switching current of the Bridgeless PFC
converter.

[0022] FIG. 14aillustrates operation of the Bridgeless PFC
converter for positive input voltage and FIG. 145 illustrates
the switch states for the converter of FIG. 14a.

[0023] FIG. 15aillustrates operation of the Bridgeless PFC
converter for negative input voltage and

[0024] FIG. 155 illustrates the switch states for the con-
verter of FIG. 15a.

[0025] FIG. 16a illustrates the resonant circuit during ON-
time interval DT, FIG. 164 illustrates the current of the
floating capacitor C and FIG. 16c¢ illustrates the resonant
ripple voltage on the floating capacitor C during ON-time
interval DTg.

[0026] FIG. 17a illustrates capacitor current waveform
when a variable ON-time interval is equal to constant OFF-
time interval, FIG. 175 illustrates capacitor current waveform
when a variable ON-time interval is two-times longer than
constant OFF-time interval and FIG. 17¢ illustrates capacitor
current waveform when a variable ON-time interval is one
half of the constant OFF-time interval.

[0027] FIG. 18 shows the experimental AC line voltage (top
trace) and AC line current (bottom trace) measured on the 400
W bridgeless PFC converter of present invention.

[0028] FIG. 19a illustrates the efficiency of the 400 W
Bridgeless PFC prototype over the input AC voltage range
and FIG. 1954 illustrates the power losses of the 400 W Bridge-
less PFC prototype over the input AC voltage range.

PRIOR ART

Introduction to Power Factor Correction

[0029] Utility power is AC (alternating voltage and alter-
nating current), while the power consumed by most electrical
and electronic equipment is DC (DC voltage and DC current),
hence the need for an AC-to-DC power conversion. Simple
method used in the past prior to advent of PFC converters was
to rectify AC line voltage with a full bridge (four-diodes)
rectifier to charge a large output capacitor so that a small
ripple voltage would be obtained on DC voltage output V as
shown in FIG. 1a. As the current from the AC line is only
drawn during a short time interval around the peak of the input
AC line voltage (while its value is higher than the output DC
voltage V) shown in FIG. 15, this simple method has two
fundamental drawbacks:

a) a lot of high frequency harmonics are generated due to the
narrow pulse of the input current, which is not acceptable as
the harmonic content of AC line is now regulated by manda-
tory regulations.

b) very low power factor of PF=0.6, which results in the poor
utilization of the available power on the utility grid as the
large reactive power only generates wasteful losses in trans-
mission lines without delivering the actual (active) power to
the load.

[0030] For the above reasons, for power higher than 75W
and depending on type of electrical equipment, some form of
Power Factor Correction is mandated by regulations. Hence,



US 2010/0259240 Al

the large capacitor C is moved from output of bridge rectifier
in FIG. 1a to the output of the PFC converter as illustrated in
FIG. 2a. With the capacitor C removed, the purpose of the
full-bridge rectifier in FIG. 2a is to convert the alternating low
frequency 60 Hz AC voltage v, and alternating AC current
1, of FIG. 2b into a rectified voltage v and rectified current
I shown in FIG. 2¢ so that the PFC converter is presented
with only a positive polarity of the input voltage (rectified AC
voltage) and positive input current (rectified input current).
All present DC-DC converters can accept only one polarity of
the input voltage and current. Therefore, the full-bridge rec-
tifier is necessary to accommodate that fundamental limita-
tion of the present DC-DC converters. The PFC converter in
FIG. 2a is therefore any DC-DC converter with a DC voltage
step-up characteristic, which is required for performing PFC
function. Instead of usual control and regulation of the output
DC voltage, PFC converter is now controlled in such a way to
make rectified input current i, proportional to rectified input
voltage v and thereby impose the same relationship to their
AC equivalents.

[0031] The PFC converter with aid of bridge rectifier effec-
tively draws a sinusoidal input line current i, which is ide-
ally in phase with sinusoidal input voltage v, to result in a
power factor of PF=1 as illustrated in FIG. 25. This therefore
ideally eliminates all higher frequency harmonics and deliv-
ers full active power capability of the AC line. Therefore, the
full-bridge rectifier is an indispensable part of the present
AC-DC converters using PFC converter based on exiting
DC-DC converters.

Prior Art Power Factor Converters

[0032] A number of prior-art PFC converters are reviewed
here and their advantages and drawbacks analyzed briefly.
The most common DC-DC converter used as a PFC converter
in FIG. 3a is a boost converter.

Prior-Art Boost Converter

[0033] The prior-art PWM boost converter is shown in FIG.
3aand its switching states in FIG. 34. Its idealized DC voltage
conversion ratio V=V _/(1-D) is shown in thin lines in FIG.
3¢, where D is duty ratio of the switch S and designates the
fractional ON-time of this switch relative to the total switch-
ing period Ts. The thick line illustrates the actual DC voltage
gain in presence of losses.

[0034] This converter is polarity non-inverting that is, for
positive input voltage it generates positive output voltage
relative to the common ground terminal. Therefore, this con-
verter is not capable to accept an alternating input voltage,
which might change its polarity, from positive to negative and
vice verse with respect to ground and still generate a positive
output DC voltage V. In fact, all presently known DC-DC
single-stage power converters have the same limitations of
one voltage polarity on input. As explained earlier, this is why
front-end bridge rectifier is needed to accommodate that
shortcoming of the boost and other DC-DC converters.
[0035] Shown in FIG. 4 is a prior-art boost converter used
as a PFC converter with its indispensable front-end full bridge
rectifier. In addition to boost converter losses, the input alter-
nating current must pass also through the two diodes of the
bridge rectifier for either positive or negative part of AC cycle.
The corresponding two-diode voltage drops for low AC line
voltage of 85V~ result in additional 3% losses making a total
conversion losses of around 6%. Clearly, eliminating the full-
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bridge rectifier and operating directly from the AC line would
resultin a true bridgeless PFC converter with several benefits:

[0036] a) High losses of the full-bridge rectifier would be
eliminated;

[0037] b) Size and cost would be reduced.

[0038] A number of prior-art PFC converters were pro-

posedto remedy that problem and reduce the number of diode
voltage drops in the power path of the four diode bridge
rectifier and thus to increase the overall efficiency. However,
they all failed to achieve the desirable goal of eliminating
input bridge as they were all based on the various modifica-
tions of the boost converter of FIG. 3a, which can operate
only from the positive polarity of the input voltage. The only
way to eliminate the full-bridge converter entirely is to use for
a PFC converter, a converter which is capable of accepting a
bipolar input voltage (that is either positive or negative input
DC voltage and generate an output voltage of only one polar-
ity. Until present invention, there were no DC-DC converters
(with any DC conversion gain), which met that objective.

[0039] Therefore, in all prior-art configurations of FIG. 5,
FIG. 6, FIG. 7, FIG. 8, and FIG. 9, one may discover the
additional diode voltage drops in the power paths or extra
conduction power loss. For example, the prior-art converter
of FIG. 5 although appearing to have smaller number of
semiconductor switches, the two controlling switches S, and
S, must be for one half of AC cycle ON all the time (not in
pulsed mode) thereby both resulting in extra losses. The prior
art-converter of FIG. 6 has additional problem that it is lim-
ited to operation in Discontinuous Inductor Current mode.
The prior-art converter of FIG. 7 appears to have eliminated
the front-end full bridge rectifier. Yet, the closer examination
of'the converter topology reveals that it does have effectively
a full bridge rectifier consisting of four diodes but now on the
high-switching frequency side of 100 kHz instead of at line
frequency at 60 Hz. This effectively results in two diode
voltage drops in series for either positive or negative input
voltage. Thus, once again, effectively one extra diode voltage
drop is encountered for either positive or negative input volt-
age. Additional disadvantage is that all four diodes are high
switching frequency diodes and not low AC line 60 Hz fre-
quency rectifiers. Prior-art converter of FIG. 8 employs two
complete boost converters, one for each of the AC input
voltage cycle and with two additional low frequency 60 Hz
diode rectifiers D; and D,. Therefore, in addition to the
reduced efficiency due to additional diode voltage drops (only
two diodes in the full-bridge are eliminated), it also suffers
from doubling the cost in comparison to the previous prior-art
implementations. Finally, this double-boost converter as it is
known in the field, has also two inductors, as opposed to
single inductor of previous prior-art PFC converters. Thus,
the components in double-boost converter of FIG. 8 are
poorly utilized, as they are used only half of the time while
during the other halftime they idle resulting in serious penalty
in weight, size and cost. The prior-art converter of FIG. 9
attempts to remedy that situation by improving the magnetics
core utilization through the use of two coupled inductor mag-
netics. Yet, the above review of the prior-art clearly indicates
that double-boost converters of FIG. 8, as well as other prior-
art PFC converters could not be classified as bridgeless con-
verters, since they encounter in one way or another an extra
diode voltage drop in its power path and preserve at least two
rectifiers of the four rectifier full-bridge for its operation. The
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present invention eliminates entirely the full-bridge rectifier
as disclosed herein and is therefore a true Bridgeless PFC
converter.

SUMMARY OF THE INVENTION

New Bridgeless PFC Converter Method

[0040] The bridgeless PFC method is illustrated in FIG. 10
in which Bridgeless PFC converter is operated directly from
the AC line and converting input AC power directly to output
DC voltage and power, while drawing the sinusoidal current
from the line proportional and in phase with line voltage.
Clearly, the Bridgeless PFC converter must fulfill some basic
prerequisites such as:

[0041] 1. Switching converter must be capable of accepting
either the positive or the negative polarity of the input voltage;
[0042] 2. Switching converter must act as a folding stage,
which will for either polarity of the input voltage generate a
positive polarity output voltage;

[0043] 3.DC-DC converter must have a DC voltage step-up
gain characteristic, such as 1/(1-D) so that it can convert a
sinusoidal input voltage varying between zero voltage and
peak input voltage of 150V (for 110 VAC line) to a higher DC
voltage, such as 200VDC or more.

[0044] 4. The DC conversion ratio of the switching con-
verter must be equal whether the input voltage is positive or
negative.

In addition to these requirements imposed on the switching
power processing stage, there is also need for modified con-
trol of the input current of the PFC converter since in boost
PFC converter the input voltage and current were already
folded AC line voltage and current, while in the new method
of FIG. 10, both line voltage and line current are AC quantity
and not folded.

New Bridgeless PFC Converter

[0045] A new type of switching converter shown in FIG.
11a, which satisfies the conditions for bridgeless PFC con-
version consists of three switches: one controllable voltage
bi-directional switch S5, and two current rectifiers CR, and
CR,. The main controlling switch S, is a Voltage Bi-direc-
tional (VB) switch which is capable of blocking the voltage of
either polarity in its OFF state, and in its ON state conducts
the current in appropriate direction depending on the polarity
of the input DC voltage. For example, for positive input
voltage, S, switch conducts current from node A to G (FIG.
1154), while for negative input voltage it conducts the current
in opposite directions, from node G to node A. As currently
there exist not a single semiconductor switch, which can
perform this function, a composite semiconductor switch
consisting of two N-channel MOSFET transistors as illus-
trated in FIG. 116 can be used at present to perform its
function.

Prior-art Boost PFC Control

[0046] Block diagram of control of the prior-art boost PFC
converter of FIG. 4 is shown in FIG. 124. The bridge rectifier
(1A) folds AC line voltage and AC line current into a uni-
directional voltage and uni-directional current since the boost
converter and other prior-art converters only accept input
voltage of one polarity. The boost converter with the proper
control converts the folded input line voltage and current into
a DC output voltage and current. The control circuit uses a
prior-art PFC control chip in the following way. The rectified
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sine-wave voltage signal is sent to PFC IC chip as a reference
signal. A current sense resistor is used to sense the input
current. The PFC IC chip compares the rectified current sig-
nal waveform to the voltage signal waveform and adjusts the
duty ratio of the boost converter to make the current signal
match the voltage signal. As a result the input current (low
frequency average of the boost inductor current) is made
proportional and in phase with voltage to result in the line
current waveform as in FIG. 135.

New Bridgeless PFC Control

[0047] Thebridgeless PFC converter does not have a bridge
rectifier so the control is modified as illustrated by the block
diagram of FIG. 12b. The AC line is sent directly to the
bridgeless PFC converter (2B) to convert input sine wave to
DC output.

[0048] The following is the modification of the control
circuit, which still makes it possible to use the standard PFC
control chip for the control of Bridgeless PFC converter. The
input sine-wave voltage signal is passed through a signal
processing folding stage (2E) before being sent to the PFC IC
chip (2C) as a reference. A current sense resistor is used to
sense the input current. This signal is a sine-wave signal as
well. Another folding stage (2D) converts the sine wave cur-
rent signal into a rectified sine wave, which is then sent to PFC
IC chip. The PFC IC chip compares this “folded” voltage
signal, and adjusts the duty ratio of the new Bridgeless PFC
converter to make the current signal match the voltage signal.
Once again, the current drawn from the AC line is as in FIG.
135 whose low frequency sinusoidal average follows the
input line AC voltage of FIG. 13a.

DETAILED DESCRIPTION OF THE INVENTION

[0049] One of the key characteristics of the new Bridgeless
PFC converter of FIG. 11a and FIG. 115 is that the switching
converter is inherently capable of operating from either posi-
tive or negative input voltage. Thus we will explain separately
first the operation from the positive input voltage and then
from the negative input voltage.

Operation from Positive Input Voltage Polarity

[0050] This operation is described with respect to converter
circuit of FIG. 14a and corresponding state of the switches
shown in FIG. 145. Turning OFF of the controllable switch
S, during OFF-time interval D’ T ¢ forces the current rectifier
CR, to conduct, which in turn, forces current rectifier CR; to
turn-OFF. Subsequent turn-ON of S, switch during ON-
time interval DT forces the current rectifier CR, to turn-ON
and start conducting the resonant current during this interval.
The turn-ON of current rectifier CR, forces the turn-OFF of
current rectifier CR, by the positive output voltage V, which
imposes reverse bias on this current rectifier. The detailed
analysis in later section proves that the DC voltage conversion
ratio is that of the step-up boost function given by

VIV ~1/(1-D) (1)

Note that the switch S, conducts the current in the direction
shown on FIG. 14a and blocks the voltage of the polarity
indicated in FIG. 14a.

Operation from Negative Input Voltage Polarity

[0051] This operation is described with respect to converter
circuit of FIG. 15a and corresponding state of the switches
shown in FIG. 15b. Turning OFF of the controllable switch
S, during OFF-time interval D’ T's forces the current rectifier
CR, to conduct, which in turn, forces current rectifier CR, to
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turn-OFF. Subsequent turn-ON of S, switch during ON-
time interval DT forces the current rectifier CR, to turn-ON
and start conducting the resonant current during this interval.
The turn-ON of current rectifier CR, forces the turn-OFF of
current rectifier CR, by the positive output voltage V, which
imposes reverse bias on this current rectifier. The detailed
analysis in later section proves that the DC voltage conversion
ratio for negative input DC voltage is that of the step-up boost
function given by

V/V,~1/(1-D) @)

where now input DC voltage V,, has opposite polarity from
the previous case. Thus, the single power processing stage of
FIG. 11a and FIG. 115 converts the polarity changing input
voltage into a positive polarity output DC voltage with the
same DC conversion function.

[0052] Note thatthe switch S, conducts the current now in
opposite direction as shown on FIG. 154 and blocks the
voltage of the opposite polarity as indicated in FIG. 15a. Note
also how the two current rectifiers automatically respond to
the control imposed by the switch S, in such a way that their
current direction is maintained the same for either polarity of
the input voltage. However, they do automatically switch
their conduction intervals for either polarity of the input DC
voltage so as to form the resonant switching interval during
ON-time interval ofthe controlling switch S, 5 as explained in
more details in subsequent analysis of a single polarity power
processing stage.

Resonant Interval

[0053] The converters in FIG. 14a and FIG. 15a operate by
switching between two circuits defined as:

[0054] 1. Resonant switching during the OFF-time interval
D'Tg;

[0055] 2. Square-wave switching during ON-time interval
DT..

The resonant circuit can in each case be reduced to an equiva-
lent circuit model shown in FIG. 164, which results in the
capacitor C current as illustrated in FIG. 165. The capacitor C
ripple voltage in FIG. 16¢ shows the resonant voltage wave-
form during OFF-time interval. The resonant circuit of FIG.
16a determines the resonant frequency and half the resonant
period during during ON-time DT..

Constant ON-Time and Variable OFF-Time Control

[0056] Ifthe ON-time of the switch S, is equal to halfofa
resonant period, then the resonant discharge current wave-
form will be exactly half a sine wave. The best mode of
operation is then to keep the ON-time constant as per:

Ton=DTs=T,/2=constant 3)

so that duty ratio is proportional to switching frequency, or:

D= fs/2f, “
where (&)
1
y=—— fr=w/2r
[ TC fr=w/
[0057] Thus, voltage regulation is obtained by use of the

variable switching frequency fg. However, this results in cor-
responding duty ratio D as per (4). Note that all DC quantities,
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such as DC voltages on capacitors and DC currents of induc-
tors are still represented as a function of duty ratio D only, as
in the case of conventional constant-switching frequency
operation.

[0058] The waveforms of FIG. 17a, FIG. 176, and F1G.17¢
show the constant ON-time (interval DT,) displayed first to
emphasize the variable OFF-time and variable switching fre-
quency.

Experimental Verifications

[0059] The Bridgeless PFC converter is verified by on an
experimental 400W prototype, which converts 110V AC line
voltage into a 400V DC output voltage. FIG. 18a shows the
line voltage (top trace) and AC line current (bottom trace).
The Power Factor was measured at 300 W load to be 0.997.
[0060] Very high efficiency of over 97% was measured over
the wide input AC voltage range. In particular, note the very
high efficiency at the low AC line voltage of 85VAC as shown
in FIG. 194 while the power losses are shown in FIG. 195.
This clearly indicates the absence of the bridge rectifier on the
front. The prior-art PFC converters have a significant effi-
ciency drop at the low 85V AC line due to the two-diode
voltage drops. This is clearly one of the key advantages of the
new Bridgeless PFC converter.

CONCLUSION

[0061] The true Bridgeless PFC converter is provided
which eliminates the front end full-bridge rectifier altogether.
Therefore, the present invention results in several basic
advantages of this bridgeless PFC converter:

[0062] 1. Higher efficiency due to complete elimination of
the full-bridge rectifier and losses associated with it;

[0063] 2. Reduction of the cost due to elimination of the
bridge rectifier and associated heat-sink and reduced overall
cooling costs due to higher efficiency;

[0064] 3. Reduction of the size as bridge rectifier is elimi-
nated along with its heat-sink;

[0065] 4. Full utilization of all the components for both
positive and negative part of the input AC cycle as there are no
idle components in either cycle.

What is claimed is:

1. A switching DC-to-DC converter having a bipolar input
DC voltage off either polarity (positive or negative) con-
nected between an input terminal and a common terminal and
providing power to a DC load of positive polarity connected
between an output terminal and said common terminal said
converter comprising:

an input switch with one end connected to said common
terminal;

an inductor with one end connected to said input terminal
and another end connected to said input switch another
end thereof;,

a branch comprising series connection of a capacitor and a
resonant inductor, forming two ends of the branch, one
being capacitor end and the other being resonant induc-
tor end whereby capacitor end is connected to another
end of said input inductor.

a first output switch comprising anode and cathode ends
with anode end connected to said common terminal and
cathode end connected to said resonant inductor end;

a second output switch comprising anode and cathode ends
with anode end connected to said resonant inductor end
and cathode end connected to said output terminal.
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switching means for keeping said input switch ON for a
duration of time interval DT and keeping it OFF for a
complementary duty ratio interval D’T.

wherein said input switch is a controllable semiconductor
voltage bi-directional switching device, capable of con-
ducting the current in either direction while in an ON-
state, and sustaining voltage of either polarity, while in
an OFF-state;

wherein said first and said second output switches are
semiconductor current rectifier switching devices con-
trolled by both the state of the input switch as well as the
polarity of the input DC voltage.

wherein said switching means of controlling ON and OFF
time of the input switch cause the first and second output
switches to either conduct or block the current depend-
ing on the polarity of the bipolar input voltage source so
that the DC output voltage of the same positive polarity
is obtained for either polarity of the input DC voltage
source.

wherein a DC-to-DC voltage conversion ratio of said con-
verter has identical DC voltage step-up characteristic as
a function of operating duty ratio D for either polarity of
the input bipolar DC voltage source.

wherein the resonant inductor and capacitor form a reso-
nant circuit during ON time of the input switch for either
polarity of the input DC voltage source, conducting only
one half of the resonant sinusoidal current when the ON
time of input switch is equal to the half the resonant
period.

wherein the output DC voltage step-up is obtained by con-
trolling the OFF-time of the input switch for either polar-
ity of the input bipolar DC voltage source.

2. A converter as defined in claim 1,

wherein DC output voltage of negative polarity with
respect to said common terminal is obtained by revers-
ing the current direction in the two output semiconduc-
tor rectifier switches by exchanging their anode and
cathode end connections.

3. A converter as defined in claim 1,

wherein the first and second output semiconductor rectifier
switches are replaced by MOSFET switching transistors
devices operated as synchronous rectifiers in order to
reduce the conduction losses and increase the efficiency
of the DC-DC conversion.

4. A converter as defined in claim 1,

wherein the voltage bi-directional input switch is imple-
mented by use of the two n-channel MOSFET switching
transistors connected in series and back to back so that
their sources are connected together and their gates are
connected together, while their drains are providing the
end terminals of this composite switch replacing ideal
four quadrant input switch.

wherein the common gate is driven by external means to
turn ON and turn OFF input switch as in claim 1.

5. A converter as defined in claim 1,

wherein the input switch is implemented by a single MOS-
FET switching transistor which has a body diode dis-
connected so that it can conduct the current in either
direction and block the voltage of either polarity
whereby such implementation will result in increased
efficiency.

6. A converter as in claim 1,

wherein the capacitor and resonant inductor are still con-
nected in series, but have exchanged their position.

Oct. 14,2010

7. A direct AC-DC Converter without a bridge rectifier
capable of providing a Power Factor Corrected input current
with a near Unity Power Factor comprising of an AC input
voltage source connected between an input terminal and a
common terminal and providing the power to a DC load
connected between an output terminal and a common termi-
nal said converter comprising:

an input switch with one end connected to said common
terminal;

an inductor with one end connected to said input terminal
and another end connected to said input switch another
end thereof;,

a branch comprising series connection of a capacitor and a
resonant inductor, forming two ends of the branch, one
being capacitor end and the other being resonant induc-
tor end whereby capacitor end is connected to another
end of said input inductor.

a first output switch comprising anode and cathode ends
with anode end connected to said common terminal and
cathode end connected to said resonant inductor end;

a second output switch comprising anode and cathode ends
with anode end connected to said resonant inductor end
and cathode end connected to said output terminal.

a large storage capacitor connected between the output
terminal and common terminal

the sensing means to sense the AC input current and AC
input voltage

the switching means for keeping said input switch ON for
a duration of time interval DT g and keeping it OFF for a
complementary duty ratio interval D’ T.

the sensing means to sense the AC input current and AC
input voltage.

the control means to control the OFF-time of the input
switch as so as to make the AC input current proportional
to AC input voltage so that near Unity Power Factor
performance is achieved as well as low harmonics meet-
ing regulation requirements are achieved.

wherein said input switch is a controllable semiconductor
voltage bi-directional switching device, capable of con-
ducting the current in either direction while in an ON-
state, and sustaining voltage of either polarity, while in
an OFF-state.;

wherein said first and said second output switches are
semiconductor current rectifier switching devices con-
trolled by both the state of the input switch as well as the
polarity of the input DC voltage.

wherein said switching means of controlling ON and OFF
time of the input switch cause the first and second output
switches to either conduct or block the current depend-
ing on the polarity of the bipolar input voltage source so
that the DC output voltage of the same positive polarity
is obtained for either polarity of the input DC voltage
source.

wherein a DC-to-DC voltage conversion ratio of said con-
verter has identical DC voltage step-up characteristic as
a function of operating duty ratio D for either polarity of
the input bipolar DC voltage source.

wherein the resonant inductor and capacitor form a reso-
nant circuit during ON time of the input switch for either
polarity of the input DC voltage source, conducting only
one half of the resonant sinusoidal current when the ON
time of input switch is equal to the half the resonant
period.
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wherein the output DC voltage step-up is obtained by con-
trolling the OFF-time of the input switch for either polar-
ity of the input bipolar DC voltage source.
wherein the large capacitor between said output terminal
and said common terminal reduces the output ripple
voltage and stores the DC energy to provide required
energy storage when AC line is interrupted for one or
two cycles.
8. A converter as defined in claim 7,
wherein DC output voltage of negative polarity with
respect to said common terminal is obtained by revers-
ing the current direction in the two output semiconduc-
tor rectifier switches by exchanging their anode and
cathode end connections.
9. A converter as defined in claim 7,
wherein the first and second output semiconductor rectifier
switches are replaced by MOSFET switching transistors
operated as synchronous rectifiers in order to reduce the
conduction losses and increase the efficiency of the AC-
DC conversion.

10. A converter as defined in claim 7,

wherein the voltage bi-directional input switch is imple-
mented by use of the two re-channel MOSFET switch-
ing transistors connected in series and back to back so
that their sources are connected together and their gates
are connected together, while their drains are compris-
ing the end terminals of this composite switch replacing
ideal four quadrant input switch.
wherein the common gate is driven by external means to
turn ON and turn OFF input switch as in claim 1.

11. A converter as defined in claim 7,

wherein the input switch is implemented by a single MOS-
FET switching transistor which has a body diode dis-
connected so that it can conduct the current in either
direction and block the voltage of either polarity.

whereby such implementation will result in increased effi-
ciency.

12. A switching DC-to-DC converter having a input DC
voltage off positive polarity connected between an input ter-
minal and a common terminal and providing power to a DC
load of positive polarity connected between an output termi-
nal and said common terminal said converter comprising:

an input switch with one end connected to said common

terminal;
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an inductor with one end connected to said input terminal
and another end connected to said input switch another
end thereof;,

a branch comprising series connection of a capacitor and a
resonant inductor, forming two ends of the branch, one
being capacitor end and the other being resonant induc-
tor end whereby capacitor end is connected to another
end of said input inductor.

a first output switch comprising anode and cathode ends
with anode end connected to said common terminal and
cathode end connected to said resonant inductor end;

a second output switch comprising anode and cathode ends
with anode end connected to said resonant inductor end
and cathode end connected to said output terminal.

switching means for keeping said input switch ON for a
duration of time interval DT and keeping it OFF for a
complementary duty ratio interval D’ T.

wherein said input switch is a single quadrant controllable
semiconductor switching device, such as bipolar tran-
sistor or MOSFET transistor capable of conducting the
current in one direction during ON state and blocking
the voltage of one polarity while in an OFF state.

wherein said first and said second output switches are
semiconductor current rectifier switching devices con-
trolled by both the state of the input switch as well as the
polarity of the input DC voltage.

wherein said switching means of controlling ON and OFF
time of the input switch cause the first and second output
switches to either conduct or block the current depend-
ing on the polarity of the bipolar input voltage source so
that the DC output voltage of the same positive polarity
is obtained for either polarity of the input DC voltage
source.

wherein a DC-to-DC voltage conversion ratio of said con-
verter has a voltage step-up characteristic as a function
of operating duty ratio D.

wherein the resonant inductor and capacitor form a reso-
nant circuit during ON time of the input switch for either
polarity of the input DC voltage source, conducting only
one half of the resonant sinusoidal current when the ON
time of input switch is equal to the half the resonant
period.

wherein the output DC voltage step-up is obtained by con-
trolling the OFF-time of the input switch.
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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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Don Sauer
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