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Abstract: In this paper, an interleaved fly-back-forward
boost converter with a new auxiliary circuit was presented.
An auxiliary circuit with a low number of elements provided
zero voltage switching conditions to turn the switches on and
off; besides, the energy of the transformer Ileakage
inductance was properly absorbed by the auxiliary circuit
and prevented voltage spikes on the switch. Furthermore, the
third winding in the auxiliary circuit not only transfered the
energy of the auxiliary circuit to the output but also caused a
complete discharge of the snubber capacitors of the main
switches in the resonance process. This auxiliary circuit
could be expanded, and the number of auxiliary switches did
not increase with the addition of converter branches. The
performance of the proposed converter was fully analyzed,
and a 120 W laboratory prototype was implemented to
demonstrate its correct operation. The results showed a 6.5%
increase in the efficiency compared with the converter
without an auxiliary circuit.
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Introduction

The wuse of switching power supplies is
increasing due to many capabilities. These types
of resources have a special place in industries
due to their proper functioning at high powers, to
fast transient response, to small size and weight,
and to high efficiency. Switching converters are
divided into two general categories: converters

with hard switching and converters with soft
switching. Hard switching is used due to the low
current stress and the simplicity of control; also,
it has its special applications due to its simplicity
of operation. Among the important disadvantages
of the converter with hard switching, we can
mention switching losses, high voltages,
limitation in frequency increase, noise increase,
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and electromagnetic interference. However, there
has always been a need for increasing the
switching frequency due to the reduction of
volume and weight. This action in the converters
with hard switching will be accompanied by a
decrease in efficiency and an increase in
switching losses. In recent years, soft keying has
replaced hard keying. In this method, by adding a
control circuit or method, the voltage or the
current of the switch becomes zero at the
moment of switching. Therefore, the problems in
the hard keying method are solved. By using this
method, it is possible to increase the switching
frequency in a favorable way so that the losses
decrease and the efficiency of the system
increase by an increase in the switching
frequency. Other advantages of these converters
include the reduction of the volume, the price,
and the size of passive elements as well as an
effective reduction in electromagnetic
interference.

Materials and Methods
High direct voltages are used in plenty of
equipment. For producing high voltage, it is not
possible to use a transformer alone due to its
volume increase as well as its parasitic
parameters such as leakage inductor and
dispersion capacitor, resulting in many problems.
Besides, conventional step-up converters have
problems to produce high voltages, which can be
mentioned as diode conduction losses, diode
reverse recovery problem, very large duty factor
problem, high current stress for the diode, and
high voltage stress for the switch. Switching
losses are reduced by using soft switching
techniques, and the switching frequency can be
increased to reduce the size of the transformer.
In this paper, an interleaved fly-back-forward
boost converter with a new auxiliary circuit was
presented. An auxiliary circuit with a low
number of elements provided zero voltage
switching conditions to turn the switches on and
off. Besides, the energy of the transformer
leakage inductance was also properly absorbed
by the auxiliary circuit and prevents voltage
spikes on the switch. Furthermore, the third
winding in the auxiliary circuit not only

transferred the energy of the auxiliary circuit to
the output but also caused the complete
discharge of the snubber capacitors of the main
switches in the resonance process. This auxiliary
circuit could be expanded, and the number of
auxiliary switches did not increase with the
addition of converter branches. The performance
of the proposed converter was fully analyzed,
and a 120 W laboratory prototype was
implemented to demonstrate its correct
operation. The results showed a 6.5% increase in
efficiency, compared to the converter without
auxiliary circuit.

Results

Increasing the switching frequency reduced the
size and the weight of dc/dc converters, which
would be accompanied by an increase in
switching losses and also a decrease in
electromagnetic interference. Using lossless
snubbers was one of the ways to reduce
switching losses as well as electromagnetic
interference. These circuits provided soft
switching conditions for switching without
applying significant losses to the converter. The
proposed lossless snubber circuits doidnot
require an additional drive circuit, but the
number of elements and the stress applied to the
transducer keys were important.

Discussion and Conclusion

In this paper, an innovative lossless snubber
circuit for fly-back-forward converter was
presented. In addition to providing zero voltage
switching conditions when the main switches
were turned on and off, the auxiliary circuit also
transferred the energy of the snubber capacitors
to the output. Besides, there was no problem of
reverse recovery in circuit diodes due to their
zero current switching. Capacitive turn-on losses
also did not exist due to the complete discharge
of snubber capacitors, and it helped improve the
efficiency of the converter further. Due to the
short time the auxiliary switch was on, the
circulating current in the auxiliary circuit was not
large, and the auxiliary circuit did not impose
losses on the sensible circuit.
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