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1
AC-DC CONVERTER WITH NO INPUT
RECTIFIERS AND POWER FACTOR
CORRECTION

This application claims the benefit of U.S. Provisional
Application No. 60/088,576 filed Jun. 9, 1998.

BACKGROUND OF THE INVENTION

Most AC-DC power converters use input rectifiers, often
as a full wave bridge, sometimes as a voltage doubler, or as
both, with switching between modes. The input rectifiers
contribute significantly to losses in the converter.

Many AC-DC power converters employ power factor
correction. This is often accomplished with two stages in
series, a boost converter input stage and a buck converter
second stage.

One embodiment of this invention teaches that the input
rectifiers in an AC-DC power converter are not needed. A
transformer isolated power converter with full wave recti-
fication in the secondary is not sensitive to the polarity of the
current in the primary. By using AC switches, the primary
may operate with either polarity of input. Thus, the opposite
polarity half cycles of commercial power can be accommo-
dated.

It is well known to control voltage and/or current by using
Pulse Width Modulation (PWM) in the input side (primary)
switches. In the present invention, if the power switches in
the primary circuit of a transformer are pules width modu-
lated so that the input current is controlled to be a sine wave,
or Power Factor Corrected (PFC), the full wave rectified
current out of the secondary of the transformer will be a full
wave rectified sine wave, with a value equal to the DC
output current (neglecting losses). At the peaks of the full
wave rectified sine wave, when the input current is
excessive, the excess input current can be shunted to a
storage capacitor so that the correct DC current is provided
to the output. At the valleys of the full-wave rectified sine
wave, when the input current is insufficient, the required
additional current can be provided from the storage
capacitor, so the correct DC current is provided to the output.

Because the losses of the input rectifier have been
eliminated, and because most of the power is carried through
a single stage, directly to the output, the present invention is
a very efficient high PFC AC-DC converter. This configu-
ration also has the advantage, being a buck converter, that
the input current can be controlled from the time power is
applied. An arbitrarily long soft start ramp can be used.
There is no inrush current, a serious problem of PFC boost
converters.

Most of the input power is directed to the output, with the
power factor correction storage capacitors and energy con-
trol being in a parallel path. The only prior art of which I am
aware that uses a parallel path is disclosed in U.S. Pat. Nos.
5,132,606 and 5,144,222, the specifications of which are
included herein by reference. In these patents, a parallel path
is used, but the parallel path is from the input. This invention
teaches a parallel path for control and storage of energy that
is entirely on the secondary side of a transformer. Thus the
energy storage and the output voltage can be controlled with
a secondary side controller. Only the feed back to adjust the
input current scaling needs cross the isolation barrier. The
referenced patents teach control methods that may be useful
for the present invention, however, the present invention
does not require these methods. Well known methods of
power factor correction control can be adapted to this
invention, and the method of control is not at the heart of this
invention.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Prior Art

FIG. 1 shows an AC-DC converter in a push-pull con-
figuration with a buck output stage. Switches SD1 and SD2
are “DC” switches.

FIG. 2 shows that the same circuit can be used without the
input rectifiers by using “AC” switches, SA1 and SA2.

FIG. 3 shows back to back MOSFET transistors used as
AC switches in the circuit of FIG. 2.

FIG. 4 shows an alternate arrangement of the circuit of
FIG. 3.

Prior Art

FIG. 5 shows a half bridge AC-DC converter using input
rectifiers and MOSFET switches in a half bridge configu-
ration.

FIG. 6 shows the circuit of FIG. 5, modified by removing
the input rectifiers, and using back to back MOSFET
switches as AC switches.

FIG. 7 shows the currents in the first stage AC-DC
converters of FIGS. 2, 3, 4 or 6, (assuming additional control
and energy storage circuits are added to adapt the circuits for
power factor corrected (PFC) applications). The graphs
represent a very large number of PWM pulses, much too
small to show to scale, but the PWM pulses are suggested
pictorially by a plurality of vertical lines. The first graph
represents the input current, pulse width modulated for PFC,
reversing polarity with each half cycle. The second graph
represents the output current from the secondary full wave
rectifiers, also pulse width modulated.

FIG. 8 shows the circuit of FIG. 6 with the addition of
power factor correction (PFC) circuits.

FIG. 9 shows the currents in the PFC circuits of FIG. 8.
The first graph shows that the current from the secondary
rectifiers (the “input” to the PFC section) is a full wave
rectified sine wave (actually, a series of PWM pulses having
an absolute value sine value). The desired output is a pure
DC current. The second graph represents the throughput
current. The third graph represents current shunted to a
storage capacitor. The fourth graph represents current sup-
plied from the storage capacitor.

FIG. 10 shows that this invention may be used with input
rectifiers. The secondary circuit of FIG. 8 is modified to
show another embodiment the energy storage circuit, and the
primary circuit of FIG. 1 is used with the substitution of
MOSFET switches.

FIG. 11 shows another embodiment of the circuit of FIG.
8, and also shows an optional battery.

DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

FIG. 1 shows a prior art AC-DC converter 1 supplied by
an AC voltage source 3, as an illustration, not a limitation.
(A DC source of either polarity would work, as well, and this
is to be understood wherever an AC source is recited in this
specification and the claims). The output Vo 55 may be a DC
output voltage, as an illustration, not a limitation. With
suitable control circuits and circuit modifications, other
output modes can be provided, such as constant current,
variable voltage, multiple voltages, multiple isolated
voltages, and so forth, as is well known in the art of power
converters.

A full wave rectifier 5, comprising rectifiers 7, 9, 11 and
13 provides a rectified current to a transformer 21, compris-
ing push pull primary windings 23 and 25, a transformer
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core 27 and push pull secondary windings 29 and 31.
Primary switches SD1 41 and SD2 43 provide pulse width
modulated alternating excitation to the primary windings 23
and 25. A PWM control circuit G 45 controls the switches
41 and 43 to control the input current and/or the output
voltage. Representative timing of the switches SD1 41 and
SD2 43 is shown graphically, and it is understood that the
width of the pulses will vary with the operating point as a
control method.

Output rectifiers 47 and 49 full wave rectify the current
from the secondary windings 29 and 31 of the transformer
21. A inductor 51 and a capacitor 53 smooth the output 55
to a DC.

In showing the circuit of FIG. 1 without an input filter
capacitor, its use in a Power Factor Correction (PFC) circuit
is anticipated. In this case, the control G 45 would pulse
width modulate the switches SD 41 and SD2 43 so as to
control the input current. Though this technique is more
commonly applied to a boost converter input, the methods of
measuring input current and timing the pulses is well known
in the art of power converters. It is not a point of novelty of
this invention, therefor it is shown only as a control circuit
“black box” G 45.

Sufficient elements of the circuit are shown in the figures
to enable one skilled in the art of power converters to use the
invention, but some details not at the point of novelty are not
included so as not to clutter the drawings. For example, the
skilled artisan would know that some input filtering may be
necessary to prevent EMI (electromagnetic interference),
and snubbers may be needed on the switches and rectifiers.
Feed back and/or feed forward control circuits would be
needed, probably with secondary to primary isolation. The
design and use of these and other necessary ancillary com-
ponents and circuits are well known to one skilled in the art
of power conversion.

In the AC-DC converter 61 of FIG. 2, the AC-DC con-
verter 1 of FIG. 1 has been modified by eliminating the full
wave rectifier 5, and connecting the AC voltage source 3
directly to the transformer primary windings 23 and 25 and
substituting AC switches SA1 63 and SA2 65. In all other
respects, the circuit is the same as the circuit of FIG. 1. In
various embodiments of practical circuits the control G 45
may be different in detail, but is shown here as representing
any means for opening and closing the switches SA1 63 and
SA2 65 with a giving timing, and that timing is the same as
it would be for the circuit of FIG. 1.

The primary drive can be used with an input voltage of
either polarity because the secondary of the transformer 21
is full wave rectified. Thus, the input voltage can alternate
positive and negative as in an AC voltage source with no
difference in the output as compared to a circuit using a full
wave rectifier. While the primary voltage and the trans-
former excitation will be opposite during the time that a
particular switch SA1 63 or SA2 65 is closed for an opposite
polarity of input voltage, the full wave rectification on the
secondary accommodates this so that there is no discernible
difference in the output from the rectifiers 47 and 49.

In the AC-DC converter 71 of FIG. 3, the AC switches
SA1 63 and SA2 65 of FIG. 2 have been replaced by four
MOSFET’s 73, 75, 77 and 79. Because MOSFET’s have a
parallel parasitic diode, a pair must be used “back to back”.
Commonly, they are connected source to source, and if they
are, the gates can be connected together and the MOSFET
pair can be controlled with one gate drive referenced to the
common source connection. A control and gate drive circuit
G 81 provides that function. The control and gate drive G 81
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4

may be, as illustrations, not limitations, of a level shifted
type or of an isolated drive type. The design and use of level
shifted or isolated gate drive circuits in PWM applications is
well known in the art.

The AC-DC converter 91 of FIG. 4 shows that the exact
placement of the MOSFET switches 93, 95, 97 and 99 has
some flexibility. A modified control and gate drive circuit G
101 would be needed, but otherwise the timing and control
is the same. This arrangement may have some advantages.
The sources of all four MOSFET switches 93, 95, 97 and 99
are on the power rails, so the respective MOSFET switches
93 and 97, or 95 and 99, can have the respective power rails
as common references for their respective gate drive circuits.
Also, by individually controlling the MOSFET switches,
one pair of MOSFET switches 93 and 97, or 95 and 99 can
be left “on” for entire respective half cycles of the input line
frequency with opposite instantaneous polarity.

Prior art

FIG. 5 shows a familiar “half bridge” AC-DC power
converter 111. An input voltage source 3 is rectified by a full
wave bridge 5 comprising rectifiers 7, 9, 11 and 13. The
rectified input voltage is applied to a half bridge circuit
comprising two capacitors 113 and 115 and two “DC”
switches shown as an illustration, not a limitation, as MOS-
FET switches 117 and 119. The primary 123 of a transformer
121 is across the half bridge. The MOSFET switches 117
and 119 are driven by a control and gate drive circuit G 131.
Output rectifiers 47 and 49 rectify the output from the
secondary windings 127 and 129 of the transformer 121. An
inductor 51 and a capacitor 53 smooth the DC output 55.

The AC-DC converter 141 of FIG. 6 shows that the circuit
of FIG. 5 can be modified by eliminating the full wave
bridge 5 and connecting the voltage source 3 directly to the
half bridge circuit if “back to back” MOSFET switches 143,
145, 147 and 149 are substituted as “AC” switches for the
“DC” switches comprising MOSFET switches 117 and 119.

If the control and gate drive circuit G 131 is an isolated
gate drive circuit, it can be used in the modified circuit with
out change. One might think that since each side now drives
two MOSFET switches, 143 and 145 or 147 and 149, it
would need twice the drive capacity. However, by far the
largest load on the drive circuit for a MOSFET is the familiar
“Miller capacitor”, and this will be present in only one of the
MOSFET’s of each switch pair, depending on the polarity of
the input AC voltage at the instant of time.

The half bridge capacitors 113 and 115 would filter the
input current to some extent, but they can be quite small, as
they have to provide current only for the duration of the “on”
time of the high frequency PWM pulses. Because they have
to reverse polarity with each half cycle, and so they do not
introduce too much phase shift in the input current, they are
preferably fairly small. A well designed control circuit
would be able to compensate for a small phase shift.

FIG. 7 shows the current on the primary side (first curve,
“Input Current”) and on the secondary side, rectified (second
curve, “Output Current”). The sine wave or absolute value
(full wave rectified) sine wave represents the value of the
current, and the vertical lines represent pictorially that it is
a pulse width modulated current. The individual pulses are
very small and very numerous as compared to the line
frequency, so they are impossible to draw to scale. One
skilled in the art of power converters would be familiar with
pulse width modulated currents and voltages.

In showing a sine wave input current, the use of the circuit
in a Power Factor Correcting (PFC) circuit is anticipated,
and the circuits shown and discussed above must be under-
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stood to be incomplete in that they do not include the storage
capacitor and ancillary components for that function. Thus,
for a PFC AC-DC converter, the above circuits represent the
primary power path only, through the transformer and the
rectifiers. The circuits could be used as shown as an AC-DC
converter (without PFC) if the load can tolerate two times
line frequency ripple, or if two times line frequency ripple
filtering is provided on the secondary side.

The PFC AC-DC converter 171 of FIG. 8 shows the
circuit of FIG. 6 with modifications (all additions) for power
factor correction. In this embodiment of the invention, a
boost converter comprising an inductor 175, a MOSFET
switch 177 and a rectifier 179 can divert some of the
secondary current and store it as energy in an energy storage
capacitor 181. This would be done at any time that the output
tended too high, as sensed by the control circuit. Normally,
this would occur during the peak of the AC current sine
wave, when the input current is excessive. The timing and
gate drive for the boost converter MOSFET switch 177 is
provided by a control and gate drive circuit G2 183. A buck
converter comprising a MOSFET switch 185 and the output
inductor 51 can provide energy in the form of a current from
the storage capacitor 181 whenever the output tended too
low, as sensed by the control circuit. Normally, this would be
to fill the “notch” in the full wave rectified sine wave current
when the input current is insufficient. This current also
charges the inductor 51 so that it will draw current from the
input even when the input voltage (as reflected to the
secondary) is lower than the output voltage, a necessary
condition for using a buck converter for power factor
correction to zero volts. A rectifier 187 may be used to
prevent the storage capacitor 181 from being charged
through the body diode of the MOSFET switch 185.

The MOSFET switch 185 is controlled by the control and
gate drive circuit G2 183. When used for PFC, the switch
timing of the input stage switches 143, 145, 147 and 149 are
controlled by the control and gate drive circuit G 131 so that
the input current wave form, on average, has good power
factor, in the manner familiar to one skilled in the art of PFC
AC-DC power converters. As is usual in PFC circuits, the
feed back for the first stage control G 131 can be taken from
the voltage of the storage capacitor 181. Other control
methods can also be used, and the method of control is not
a point of novelty in this patent application.

The output voltage is controlled by the controller G2 183.
In a simple control method, whenever the output voltage
tends too high, current can be shunted by the boost converter
to the storage capacitor 181. This is more likely if the input
current is excessive, and this is the normal condition on the
peaks of the full wave rectified sine wave current. If the
output voltage tends too low, energy can be taken from the
storage capacitor to supplement the output current, and this
is the normal condition in the valleys of the full wave
rectified sine wave input. Usually, the operation of the boost
converter and the buck converter would be mutually exclu-
sive. If either is operating, adjustment to their respective
duty cycle is made within their respective control bands to
control the output voltage. The timing of the primary and
secondary side switches may be synchronized, and it is
preferred during the notch time that the secondary side
MOSFET 185 conduct first, then the primary side MOSFETs
(which ever is scheduled to be “on”). Even if the primary
and secondary switches are “on” at the same side, conduc-
tion will occur only in the higher voltage path (as reflected
to the secondary), as the rectifiers in the other path will be
reversed biased.

A fuller explanation of the two input buck converter can
be found in U.S. Pat. Nos. 5,132,606 and 5,144,222. These
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references also show some control techniques which can be
used with this circuit. The present invention can be extended
to three phase operation by adapting the methods shown in
U.S. Pat No. 5,144,222 for three phase AC operation.

FIG. 9 shows pictorially some of the current wave forms
in the circuit of FIG. 8. They are pictorial, in that the
envelopes of the wave forms represent the current, and,
except in the first graph, the vertical lines represent that they
are pulse width modulated pulses which are impossible to
draw to scale. Losses are neglected.

The first two curves, shown in the first graph of FIG. 9,
shows the difference between the “Input Current” (as seen at
the secondary side PFC energy control circuit) and the
“Output Current”, ideally a pure DC.

The next graph, “Throughput Current”, shows the portion
of the input current that passes straight through to the output.
This is by far the larger portion of the current.

The next graph, “Current to Capacitor”, shows the
“excess” current that is shunted as energy to the storage
capacitor 181.

The final graph, “Current from Capacitor” shows the
current deficiency that is made up by taking energy from the
storage capacitor 181.

The graphs of FIG. 9 apply generally to any PFC circuit,
whether of the present invention or prior art. Any instanta-
neous power difference between the input and the output
must be store in, or returned from, a storage device, usually
a storage capacitor. Other storage devices could provide the
same function, as illustrations, not limitations, a battery, a
“super capacitor”, a flywheel system, or energy storage
devices not yet known, as long as they can store and return
electrical energy at the required rate. All such devices are
included when reference is made to a storage capacitor in
this specification and the claims.

FIG. 10 shows another embodiment of this invention.
There is much flexibility in the arrangement of the circuits,
and some elements of the invention can be used without
using all of them. In FIG. 10, the primary circuit is the
primary circuit of FIG. 1 with the substitution of MOSFET
switches 205 and 207, respectively, for the DC switches SD1
41 and SD2 43. The controller G 209 drives the MOSFET’s
205 and 207 with proper PWM pulses to implement high
PFC input current control. Note that no input filtering is
shown. This does not mean that some light filtering might
not be needed for EMI control, but no peak charging large
input filter capacitor is used. The voltage and the current
reduce to zero at null.

The secondary circuit is also changed as compared to the
circuit of FIG. 8, employing a buck converter comprising a
MOSFET 191 which is driven by a controller and gate drive
G2 193, an inductor 195 and a catch diode 197 to charge the
storage capacitor 181 during the time the input current is
excessive. A rectifier 199 prevents reverse conduction
through the body diode of the MOSFET 191. The rectifiers
195 and 199 could be synchronous rectifiers, given an
appropriate drive, for greater efficiency. Use of buck con-
verter at this node is possible, because the input voltage is
high at the time when excessive current is to be shunted.

However, the nominal voltage on the storage capacitor is
close to nominal output voltage. Thefor, the storage capaci-
tor 181 must be quite large, to minimize its voltage
excursions, and anomalous behavior may occur when the
instantaneous input voltage (reflected to the secondary) is
nearly equal to the output voltage. Many power factor
corrected converters are used for non-critical applications,
and the circuit is relatively simple.
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