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ABSTRACT

Modern dc power supplies provide power factor correction but the classical two-stage ap-
proach, using hard-switched preregulators, has detrimental effects on efficiency and reli-
ability, particularly for high power applications. With some circuit modifications and the
addition of a few magnetic components, diodes and capacitors, we have turned a classical
boost power factor corrector into a high efficiency soft-switched version. The proposed
converter turns on its single switch with zero current and turns it off with zero voltage. In
this paper we explain the proposed changes, we study the waveforms and equations and we
verify them with an experimental prototype. We also show how the converter can be used
for modular single- and three-phase high power applications.
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1. INTRODUCTION
Conventional power supplies exhibit low power factor and produce harmonic pollution of the mains. In

high power applications, passive filtering becomes nonviable due to the increasing size and weight of the required
components, such as low frequency line filters and capacitor banks. Nowadays, power electronic conversion techniques
facilitate the use of active power factor correction methods and circuits, known as PWM rectifiers [1].

The boost converter is one of the most used topologies in PWM rectifiers[2, 3, 4]. Single phase dc power
supplies are usually composed of the boost front-end or preregulator produces near unity power factor and an inter-
mediate high voltage bus and an isolated dc-dc converter to supply the desired output voltage regulation. At high
power, the efficiency of the front end is a key characteristic. Many high efficiency boost converters have been devel-
oped in the past using soft-switching techniques [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16]; some of them use auxiliary
switches[5, 6, 7, 8, 9, 10, 11, 12], making them more complex and less reliable. Passive soft-switching techniques
combine higher reliability and simplicity of design [13, 14, 15]. The power supply manufacturer saves not only the
cost of auxiliary switches, but also the development of a specific integrated circuit to drive them [17].

Modularization is an attractive technique for power converter manufacturers and users since it provides re-
dundancy, flexibility, reduction of manufacturing cost and time [18];it also applies to power supplies with power factor
correction. Paralleling single phase converters in order to get a higher power supply was shown in [19] with boost
converters. Several fields exist where this is a useful practice: single phase railway systems [20] or L1/L2 battery
chargers for plug-in electric and hybrid vehicles [21]. Another example of modularization are three-phase power
supplies manufactured from single phase modules [22, 9, 13].

This paper introduces a boost-derived preregulator with novel passive soft-switching networks and shows its
application to modular high power converters. Zero Voltage Switching (ZVS) at turn-off and Zero Current Switching
(ZCS) at turn-on provide a reduction in losses compared to a classic boost converter [1].

In Section 2. we present the proposed circuit and we make qualitative and quantitative analyses to derive its
principle of operation, waveforms and characterizing equations. Next, we describe the experimental results of a single
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Figure 1. Boost power factor corrector basic module.

module in Section 3.. Finally, in Section 4., we explain the considerations that should be accounted for in order to use
the converter in a modular approach.

2. BOOST PFC SOFT-SWITCHED MODULE AND ITS PRINCIPLE OF OPERATION.
Figure 1a shows the considered module. The circuit composed of D1, D2, and CSND acts as a lossless

snubber for diode DA; it allows the discharge of the stored energy remaining in the secondary leakage inductance of
inductor LB . DB , DC , DD, CS , LS and LC comprises the basic soft-switching networks. A voltage source, VX ,
connected through diode DE enables the transistor to switch softly throughout the entire input voltage cycle. We will
discuss the need of this source, its implementation and value in the following sections.

The circuit is based on the tapped boost converter, with a transfer function given by:

VO
vI

=
1 + d(t)N2

N1

1− d(t)
, (1)

which approximates the classical boost transfer function when N1 > N2 and still produces a step up characteristic.
Thus, it is possible to use boost PFC commercial controllers [23] with average current mode control [1] in order to
regulate the output voltage and make the input current follow the input voltage waveform.

The simplified circuital model of Figure 1b allows us to perform the following qualitative and quantitative
analyses of the switching process.

2.1. Qualitative analysis

If vI < VX , the circuit is in mode I. When the IGBT turn-off occurs, at t = t0, the circuit transitions from
the conduction state shown in Figure 2a to the first state of the turn-off process shown in Figure 2b. The inductance of
both LB and LC force diode DC to carry the magnetizing current. Starting from vI − vCS

(t0), vCE rises linearly due
to the constant current discharging of CS . In order to ensure zero voltage switching vCS

(t0) must be equal to vI .
At t = t1, vLB

reaches VO − vI and turns diode DA on. CS keeps discharging through LC and vCE further
rises (Figure2c) until vCE = VO and vCS

= vI − VO, at t = t2; DB turns on and LC discharges the stored energy to
the load (Figure2f). When iLC

= 0 A at t = t3, the turn-off ends and the state of Figure 2g starts.
After the switch turns on at t = t4, its current starts rising gradually due to LC ; zero current switching occurs.

Simultaneously, the LC resonance of CS and LS inverts the polarity of vCS
(Figure2h). If VO − vI > vI , the diode

DC turns on before the complete discharge of LS , vCS
clamps at vI , and the state pictured in Figure 2j starts. The

previous condition is equivalent to vI < VO/2 and it is of paramount importance because it guarantees the starting
value of vCS

in the next switching cycle to produce the ZVS turn-off of the converter.
The purpose of the voltage source VX is to provide ZVS turn-off for vI > VO/2. The idea is to clamp the

voltage of CS to a value lower than vI , since diode DC will not be able to turn on. In order to clarify this, we will
explore mode II that occurs for vI > VX .

At t = t0, the transistor turns off and the converter enters the state shown in Figure 2d. In this mode, the
magnetizing current flows through DE and transfers energy to VX . As in mode I, vCE and vCS

start rising linearly but
vCS

(t0) should be equal to VX so as to ensure ZVS turn-off. At t = t1, the state pictured in Figure 2e starts: vLB
turns
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Figure 2. Operating states in mode I (vI < VX ) and mode II (vI > VX ).

DA on, taking the magnetizing current, and CS continues its charge through LC . The final state of turn-off, shown in
Figure 2f, starts at t2 when vCE = VO. DB turns on and LC discharges to the output as in mode I.

The ZCS turn-on process is similar as before and presented in Figures 2h and 2i. The difference is that the
last state is missing, because the resonant oscillation of vCS

lasts until DC turns off. vCS
reverts its polarity to VX ,

the required value for ZVS turn-off to occur.
In order to guarantee ZVS for all values of input voltage, VX should take a value that introduces the circuit

to mode II if vI > VO/2:

VX ≤
VO
2
. (2)

If VX = VO/2, mode I occurs for vI < VO/2 and mode II for vI > VO/2. Selecting a smaller value for VX
produces an additional transfer of energy to this source when vI > VO/2. As this energy should be dissipated or sent
back to the source, it is important to minimize it by adopting VX = VO/2. This condition will be better explained in
the quantitative analysis of the following section.

The tapped boost configuration allows in both modes the discharge of the energy stored in LC at the end of
the switching cycle, thus providing ZCS turn-on.

Single-Switch Soft-Switched Boost Power Factor Corrector for Modular Applications (T.A. Gonzlez)
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2.2. Quantitative analysis: equations and waveforms

By considering that the switching frequency is much higher than the line frequency, we employ an approxi-
mately constant value of vI for each switching period. Also, we neglect output voltage ripple:vO ' VO ' constant.

The controller modulates the transistor duty-cycle d(t) to produce iLM
(t) ' IImax

|sin(ωt)|. As a result, we
regard iLM

as constant during the switching cycle, also neglecting the current ripple. We also neglect transistor and
diode voltage drops and parasitic capacitances.

2.2.1. Mode I

• t0 < t ≤ t1 (Figure2b): The solution for vCS
is

vCS
(t) = vCS

(t0) +
1

CS

∫ t

t0

iCS
dτ = vCS

(t0)− iLM

CS
(t− t0). (3)

The transistor voltage rises following

vCE(t) = vI − vCS
(t) = vI − vCS

(t0) +
iLM

CS
(t− t0), (4)

where the ZVS condition arises
vCE(t0) = 0 ⇐⇒ vCS

(t0) = vI , (5)

and it follows that
vCE(t) =

iLM

CS
(t− t0). (6)

During this time interval iC(t) = 0 and iLC
= iLM

, and because we consider iLM
almost constant consequently

vLC = 0. vLB
rises following the changes in vCS until diode DA turns on, reaching

vLB
(t1) = VO − vI =

N1 +N2

N1
vCS

(t1). (7)

Using this result and Equation (4) gives

vCS
(t1) = (VO − vI)

N1

N1 +N2
(8)

and
vCE

(t1) = vI −
N1

N1 +N2
(VO − vI), (9)

which we can solve for t1
iLM

CS
(t1 − t0) = vI −

N1

N1 +N2
(VO − vI). (10)

• t1 < t ≤ t2 (Figure2c): When diode DA turns on, the boost inductor imposes a voltage to the series connection
of LC and CS . CS charges resonantly according to

d2vCS

dt2
+

1

LCCS
vCS

=
(vI − VO)

LCCS

N1

N1 +N2
(11)

with initial conditions

vCS
(t1) = (vI − VO)

N1

N1 +N2
, (12)

dvCS

dt
(t1) = − iLM

CS
. (13)

We solve Equation (11) in order to find

vCS
(t) =

(vI − VO)N1

N1 +N2
− iLM

√
LC

CS
sin

(
t− t1√
LCCS

)
(14)
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and

vCE
(t) =vI − (vI − VO)

N1

N1 +N2
+ iLM

√
LC

CS
sin

(
t− t1√
LCCS

)
. (15)

The state evolves as calculated until DB turns on at time t2, when

vCE(t2) = VO, (16)

and
vCS

(t2) = vI − VO. (17)

We can solve Equation (16) for t2

iLM

√
LC

CS
sin

(
t2 − t1√
LCCS

)
=

(VO − vI)N2

N1 +N2
. (18)

During this state iC = 0 and iLC
oscillates according to

iLC
(t) = −CS

dvCS

dt
= iLM

cos

(
t− t1√
LCCS

)
. (19)

• t2 < t ≤ t3 (Figure2f): Through the clamping action of DB , the energy stored in LC transfers to the output at
constant voltage

iLC
(t) = iLC

(t2) +
1

LC

∫ t

t2

(vI − VO)
N2

N1 +N2
dτ = iLM

cos

(
t2 − t1√
LCCS

)
− (VO − vI)N2

N1 +N2

(t− t2)

LC
(20)

Meanwhile, iC(t) = 0, vCE(t) = VO, and vCS
(t) = vI − VO. This state ends at t3, when DB turns off;

iLC
(t3) = 0. We find t3 using

iLM
cos

(
t2 − t1√
LCCS

)
− (VO − vI)N2

N1 +N2

(t3 − t2)

LC
= 0. (21)

• t3 < t ≤ t4 (Figure2g). This interval corresponds to the conventional off state of a tapped boost.

• t4 < t ≤ t5 (Figure2h): Transistor Q turns on and its current has two components

iC(t) = iLS
(t) + iLC

(t). (22)

We find the first component solving the differential equation

d2vCS

dt2
+

1

LSCS
vCS

= 0, (23)

vCS
(t4) = vI − VO, (24)

dvCS

dt
(t4) = 0, (25)

which results in

vCS
(t) = (vI − VO) cos

(
t− t4√
LSCS

)
, (26)

and lets us compute

iLS
(t) = (vI − VO)

√
CS

LS
sin

(
t− t4√
LSCS

)
. (27)

Simultaneously, LC starts taking the boost inductor current at constant voltage:

iLC
(t) = iLC

(t4) +
1

LC

∫ t

t4

[
vI −

(vI − VO)N1

N1 +N2

]
dτ =

1

LC

[
vI − (vI − VO)

N1

N1 +N2

]
(t− t4). (28)
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This state ends when LC takes the output current, the whole magnetizing current of the tapped boost inductor,
and DA turns off

iLC
(t5) = iLM

=
1

LC

[
vI −

(vI − VO)N1

N1 +N2

]
(t5 − t4). (29)

In practice, we have built LC as a swinging inductor in order to provide a greater inductance for low currents,
at the beginning of the turn-on process. At higher currents, the ungapped part of the core saturates, and the
inductance reduces. This structure lets us use a smaller core than a non-saturable inductor would require. It can
also prevent the destruction of the inductor due to excessive heat dissipation if a fully saturable core were to be
used: the non-saturable mass of the core acts as a heat sink if only the partial gap material is saturable. As a
result, the current does not rise linearly as stated in Equation (28).

• t5 < t ≤ t6 (Figure2i): The state evolves with current iLS
oscillating according to Equation (27) until diode

DC turns on, when vCS
= vI . To find t6 we solve

vI = (vI − VO) cos

(
t6 − t4√
LSCS

)
, (30)

which has a solution only if VO − vI > vI , and leads to the condition

vI < VO/2. (31)

If VX and DE were not present, ZVS turn-off would not be possible for vI > VO/2: the voltage of CS would
not be clamped to vI at the end of this state, but to VO − vI > vI and the additional voltage would produce a
hard turn-off in the following switching cycle. If we somehow fix VX = VO/2, DE would turn on for values of
vI larger than VO/2, instead of DC , and vCS

would be clamped to VO/2. This situation corresponds to mode
II.

• t6 < t ≤ t7 (Figure2j): The remaining energy stored in LS discharges at constant voltage vI

iLS
(t) = iLS

(t6)− 1

LS

∫ t

t6

vIdτ = (VO − vI)

√
CS

Ls
sin

(
t6 − t4√
LSCS

)
− vI
LS

(t− t6). (32)

It ends when diodes DC and DD turn-off, at t7, found from iLS
(t7) = 0

(VO − vI)

√
CS

Ls
sin

(
t6 − t4√
LSCS

)
− vI
LS

(t7 − t6) = 0. (33)

• t7 < t ≤ TS + t0 (Figure2a) ON-State.

The previously derived waveforms of vCE , iC , vCS
, iLC

, and iLS
are depicted in Figure 3.

2.2.2. Mode II

As previously derived, we choose VX = VO/2. This will be considered for the following theoretical analysis
and waveform derivations.

• t0 < t ≤ t1 (Figure2d): The solution for vCS
is

vCS
(t) = vCS

(t0) +
1

CS

∫ t

t0

iCS
dτ = vCS

(t0)− iLM

CS
(t− t0). (34)

The transistor voltage rises following

vCE(t) =
VO
2
− vCS

(t) =
VO
2
− vCS

(t0) +
iLM

CS
(t− t0), (35)

where the ZVS condition arises

vCE(t0) = 0 ⇐⇒ vCS
(t0) =

VO
2
, (36)
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Figure 3. Main voltage and current waveforms for a mode I switching cycle. A dashed line shows a better approxima-
tion to the real waveforms, including the current ripple of iC .

and it follows that

vCE(t) =
iLM

CS
(t− t0). (37)

During this time interval iC(t) = 0 and iLC
= iLM

, and because we consider iLM
almost constant consequently

vLC = 0. vLB
rises following the changes in vCS until diode DA turns on, reaching

vLB
(t1) = VO − vI = −N1 +N2

N1

(
VO
2
− vI − vCS

(t1)

)
. (38)

Using this result and Equation (35) gives

vCS
(t1) =

VO
2
− vI − (VO − vI)

N1

N1 +N2
, (39)

and

vCE
(t1) = vI +

N1

N1 +N2
(VO − vI), (40)

which we can solve for t1
iLM

CS
(t1 − t0) = vI +

N1

N1 +N2
(VO − vI). (41)

• t1 < t ≤ t2 (Figure2e): When diode DA turns on, the boost inductor imposes a voltage to the series connection
of LC and CS . CS charges resonantly according to

d2vCS

dt2
+

1

LCCS
vCS

=
1

LCCS

[
VO
2
− vI − (VO − vI)

N1

N1 +N2

]
(42)

with initial conditions

vCS
(t1) =

VO
2
− vI − (VO − vI)

N1

N1 +N2
, (43)

dvCS

dt
(t1) = − iLM

CS
. (44)
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We can solve Equation (42) in order to find

vCS
(t) =

VO
2
− vI − (VO − vI)

N1

N1 +N2
− iLM

√
LC

CS
sin

(
t− t1√
LCCS

)
, (45)

and

vCE
(t) =vI + (VO − vI)

N1

N1 +N2
+ iLM

√
LC

CS
sin

(
t− t1√
LCCS

)
. (46)

The state evolves as calculated until DB turns on at time t2, when

vCE(t2) = VO, (47)

and
vCS

(t2) =
VO
2
− VO = −VO

2
. (48)

We can solve Equation (47) for t2

VO =vI + (VO − vI)
N1

N1 +N2
+ iLM

√
LC

CS
sin

(
t2 − t1√
LCCS

)
. (49)

During this state iC = 0 and iLC
oscillates according to

iLC
(t) = −CS

dvCS

dt
= iLM

cos

(
t− t1√
LCCS

)
. (50)

• t2 < t ≤ t3 (Figure2f): Through the clamping action of DB , the energy stored in LC transfers to the output at
constant voltage

iLC
(t) = iLC

(t2) +
1

LC

∫ t

t2

(vI − VO)
N2

N1 +N2
dτ = iLM

cos

(
t2 − t1√
LCCS

)
− (VO − vI)N2

N1 +N2

(t− t2)

LC
. (51)

Meanwhile, iC(t) = 0, vCE(t) = VO, and vCS
(t) = −VO/2. This state ends at t3, when DB turns off;

iLC
(t3) = 0. We find t3 using

iLM
cos

(
t2 − t1√
LCCS

)
− (VO − vI)

N2

N1 +N2

(t3 − t2)

LC
= 0. (52)

• t3 < t ≤ t4 (Figure2g) This interval corresponds to the conventional off state of a tapped boost.

• t4 < t ≤ t5 (Figure2h): Transistor Q turns on and its current has two components

iC(t) = iLS
(t) + iLC

(t). (53)

We find the first component solving the differential equation

d2vCS

dt2
+

1

LSCS
vCS

= 0, (54)

vCS
(t4) = −VO

2
, (55)

dvCS

dt
(t4) = 0, (56)

which results in

vCS
(t) = −VO

2
cos

(
t− t4√
LSCS

)
, (57)

and lets us compute

iLS
(t) =

VO
2

√
CS

LS
sin

(
t− t4√
LSCS

)
. (58)
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Table 1. Specifications and components of the experimental module.

Specification Value Device Value

PO 3 kW Q IRGP50B60PD1 (600 V/33 A)

vac 220 V/ 50 Hz DA HFA16TB120 (1200 V/16 A)

VO 500 V DB,C,D,1,2,3,5 MUR860 (600 V/8 A)

fS 70 kHz D4 1.5KE16

Simultaneously, LC starts taking current at constant voltage from the boost inductor

iLC
(t) = iLC

(t4) +
1

LC

∫ t

t4

[
vI −

(vI − VO)N1

N1 +N2

]
dτ =

1

LC

[
vI − (vI − VO)

N1

N1 +N2

]
(t− t4). (59)

This state ends when LC takes the output current, the whole magnetizing current of the tapped boost inductor,
and DA turns off

iLC
(t5) = iLM

=
1

LC

[
vI −

(vI − VO)N1

N1 +N2

]
(t5 − t4). (60)

• t5 < t ≤ t6 (Figure2i): The state evolves with current iLS
oscillating according to Equation (58) until diode

DE turns off. We solve

0 =
VO
2

√
CS

LS
sin

(
t6 − t4√
LSCS

)
, (61)

in order to find
t6 − t4 = π

√
LSCS . (62)

Thus, capacitor CS ends charged with

vCS
(t6) =

VO
2
, (63)

which is the voltage needed in the next mode II turn-on switching to produce ZVS.

• t6 < t ≤ TS + t0 (Figure2a) ON-State.

The waveforms for this mode are similar to those pictured in Figure 3. The differences lie in the characteristic
values and in the iLS

(t) plot, which presents a complete resonant half cycle up to t6 instead of the linear discharge.

3. EXPERIMENTAL RESULTS
Figure 4 shows the complete schematic of the boost PFC module. In order to control the power factor

corrector, we used the UC3854 integrated circuit [24, 23], which implements average input current control [1]. The
controller provides both output voltage regulation and sinusoidal input current.

The input current is indirectly measured with current transformers CT1 and CT2 as proposed in [24]. Ex-
tra diodes D3 and transient voltage suppressor D4 were included to clamp overvoltages produced by CT2 leakage
inductance.

The voltage source VX is implemented as proposed in Figure 10b with a 47 µF capacitor, a 1 kΩ resistor and
diodeD5, in order to return some of the energy to the input and improve the efficiency. The value of the clamp resistor
was experimentally adjusted to set the desired value of VX = VO/2, as we derived in Section 2..

Table 1 lists the complete specifications and significant components of the prototype. Figure 5 is a photograph
of the prototype and shows the relative sizing of the main inductive components.

3.1. Switching Waveforms

We have captured switch voltage and current waveforms for output powers of 1.5 kW (Figure6) and 3 kW
(Figure7). Both were measured near the peak input voltage. Some features that we described in the theoretical
waveforms of Figure 3 are present: the slowly rising current during turn-on, the resonant oscillation of capacitor CS

with inductor LS , and the linearly increasing voltage during turn-off.
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Figure 4. Complete circuit schematic of the boost PFC module.

Figure 5. Photograph of the 3 kW prototype. The main inductive components are labeled.

Additional non-ideal features appear: IGBT tail current and transistor turn-off overvoltage in Figure 6c —
limited by the non-dissipative snubber of Figure 1a—, inductor current ripple and overdamped oscillation of switch
voltage after LC discharges (Figure6a).

Unmodeled parasitic components produce some of the features present in Figure 7a, which are not justified
in the theoretical waveforms of Figure 3 or observable in Figure 6a. For example, we added diodes D3 and D4 in
order to reach the final nominal power of 3 kW. These diodes were removed to measure the waveforms of Figure 6a.
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(a) Full switching cycle. (b) Turn-on detail. (c) Turn-off detail.

Figure 6. Switch voltage vCE (A) and current iC (B). PO ' 1.5 kW. Diodes D3 and D4 disconnected.

(a) Full switching cycle. (b) Turn-on detail. (c) Turn-off detail.

Figure 7. Switch voltage vCE (A) and current iC (B). PO ' 3 kW.
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Figure 8. Efficiency and power factor of the converter presented in Figure4 for varying output power.

Figure 6a presents the switch voltage superimposed with the switch current to show the switching transitions.
Figure 6b presents the detailed ZCS turn-on transition and Figure 6c the near ZVS turn-off. Despite the presence
of non-zero voltage during the turn-off transition, a piecewise-linear approximation to the waveforms allowed us to
estimate a reduction of 93.3% in turn-off losses, compared to the hard switching case. Figure 7 displays the same
waveforms and detailed transitions as in the previous case. The near ZVS turn-off is more evident for this output
power level (Fig. 7c).

3.2. Power factor and efficiency

Figure 8 presents the efficiency and power factor measurements made for various load conditions. The power
factor is higher than 0.975 (Figure8b) and the prototype attains efficiencies higher than 93% (Figure8a).

The input voltage and current waveforms are presented in Figure 9. Despite the presence of zero crossing
distortion, the power factor is at a peak value as depicted by Figure 8b.
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Figure 9. Input voltage (A) and current (B) waveforms for PO ' 2 kW.

4. MODULAR SYSTEM CONFIGURATIONS
In order to employ the converter in modular designs, the energy extracted by the soft-switching cell has to

be redirected or dissipated; Figure 10 shows different options to manage the power extracted. The simplest method
is to dissipate the energy with a resistor, as shown in Figure 10a. This solution is inexpensive but compromises
the efficiency, which is not advisable for high power applications: the amount of dissipated heat requires forced air
cooling, reducing the reliability of the system. The second method is a variation of the first in which part of the energy
returns to the source and part is dissipated in the resistor (see Figure10b).

The third alternative in Figure 10c exploits part of the energy to power the auxiliary circuitry. It needs a
careful design in order to provide enough energy for all loads and it could be complementary of the previous two
methods.

The last option, in Figure 10d, is the most efficient method but also the most expensive. The idea is to transfer
the energy to the output using a boost converter. It is also the ideal solution for high power modular applications, where
a boost soft-switched module may provide regulation of the clamping voltage VX with high efficiency conversion.
However, the control of this module should be modified in order to regulate the input voltage to VX = VO/2 instead
of the output voltage.

The first three alternatives should be applied in a per module approach: each module must provide its resistor,
to even the distribution of heat among modules, and/or to power its auxiliary circuits, so as to avoid compromising
the reliability and to take advantage of redundancy. The last one is more adequate for fully modular systems: all the
VX outputs connect to the input of the auxiliary converter, which can be a classical boost converter or one of the soft-
switched module; this is interesting in the case of higher power applications, such as in locomotive power supplies or
electric car fast battery chargers.

5. CONCLUSION
We studied, constructed and tested a modified boost PFC with additional soft-switching passive networks

using a commercial integrated controller. The proposed converter exhibits lower switching losses than a classical boost
and power factor correction. The 3 kW prototype can integrate higher power multimodular single phase and three-
phase power supplies. The experimental evidence shows that the module has an efficiency greater than 93 % with near
unity power factor for several load conditions. Using ancillary recovery converter modules higher efficiencies could
be expected.

We have shown the need of a voltage source to produce ZVS turn-off for the whole input voltage cycle and
we have introduced a variety of schemes in order to provide it. The experimental converter dissipates the power
transferred to the voltage source in a resistor; the efficiency could increase if, instead of the resistor, an additional
converter transferred the energy to the output. This alternative becomes very attractive in higher power multimodular
applications, where one of the modules can fulfill this task.
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