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ABSTRACT 
A paper is dedicated to presentation of research process of new type of high frequency soft switching DC/DC converter. In the 

first section of paper, a short introduction to research task and overview of published solutions is done. In the second section of 
paper, an already solved part of research task is briefly described. In the third section of paper, a description of currently solved part 
of research task is done and key research results are presented. In the last section of paper, future steps of research are proposed 
and possible ways are offered. 
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1. INTRODUCTION 

The isolated DC/DC converters are frequently 
mentioned type of converters. They are high frequency 
operating power converters and the switching frequency is 
very important working condition for them. It is known, 
that increasing of their switching frequency causes 
reduction of their weight and size. But it is also well 
known that the switching losses in transistor switches are 
proportional to the switching frequency. Therefore, there 
is the request to reduce the switching losses. It can be 
achieved by using some kind of soft-switching technique. 
In this way high efficiency, small weight and size can be 
ensured. In Fig. 1, simplified idealized waveforms of soft 
switching of transistor switch are shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Idealized waveforms of soft switching of transistor switch 

The soft switching of transistor switches used in 
DC/DC converter can be partly achieved by using of 
DC/DC converter with secondary side active rectifier. 
This type of converter has one or more transistor switches 
on the secondary side. In Fig. 2, block diagram of this 
type of DC/DC converter is shown. 
 
 
 
 
 
 
 
 

Fig. 2  Principled block diagram of isolated DC/DC converter 
with secondary side active rectifier 

Few solutions of soft switching DC/DC converter with 
secondary side active rectifier were already published. 
The soft switching DC/DC converter with secondary side 
active rectifier controlled by one switch with secondary 
side snubber is presented in [1]–[4]. In this kind of 
converter topology the center tapped full wave controlled 
rectifier with one transistor switch is used. This kind of 
solution is very simple, low cost and easy applicable. Due 
to few devices in series with load current, conduction 
losses are small. The problem can occur only at soft 
switching of rectifier transistor switch, when big change 
of his duty cycle occurs. Further, in some cases it can be 
problem that switching frequency of rectifier switch is so 
high. 

Soft switching DC/DC converter with secondary side 
active rectifier controlled by two switches with secondary 
side snubber is presented in [5]–[10]. In this kind of 
topology the center tapped full wave controlled rectifier 
with two transistor switches is used. This topology can be 
used in very high power applications. It can be very useful 
especially at high output voltage of the converter. The 
problem can occur only at soft switching of rectifier 
transistor switches, when big change of their duty cycle 
occurs. The disadvantage of this kind of topology is also 
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that the symmetric passive snubber is quite complicated 
and consists of many devices. 

The soft switching DC/DC converter with secondary 
side active rectifier controlled by two switches with 
primary side snubber is presented in [11]–[12]. In this 
converter topology the center tapped full wave controlled 
rectifier with two transistor switches is used. This type of 
topology is a simple and basic solution of DC/DC 
converter with secondary side active rectifier controlled 
by two switches. It is easy applicable. Significant 
disadvantage is that primary side transistor switches turn 
off only at zero voltage, so when IGBTs are used as 
switches, tail current causes switching losses. 

Another type of soft switching DC/DC converter with 
secondary side active rectifier controlled by two switches 
with primary side snubber is presented in [13]–[18]. In 
this kind of converter topology the full bridge controlled 
rectifier with two transistor switches is used. The main 
advantage is that at this kind of topology simple 
transformer with only one primary and one secondary 
winding is used. However, conduction losses of whole 
converter can be high because there are many devices in 
series with load current. The main disadvantage of this 
converter topology is that primary side transistor switches 
turn off only at zero voltage, so when IGBTs are used as 
switches, tail current causes turning off losses. Either way, 
every solution has some advantages and some 
disadvantages. 

2. ALREADY SOLVED PART OF RESEARCH 
TASK 

A chosen topology of DC/DC converter with 
secondary side active rectifier has one transistor switch on 
the secondary side. In Fig. 3, a circuit diagram of chosen 
converter topology is shown. 
 
 
 
 
 
 
 
 
 
 

Fig. 3  Circuit diagram of chosen topology of DC/DC converter 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Control algorithm of chosen topology of DC/DC 
converter 

The chosen topology of DC/DC converter with 
secondary side active rectifier is controlled by classical 
pulse width modulation. In Fig. 4, a respective control 
algorithm of chosen DC/DC converter topology is shown. 

An operation principle of chosen DC/DC converter 
topology was already analyzed. Simplified analytical time 
waveforms of chosen converter topology were also 
already derived. They are shown in Fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Analytical waveforms of chosen topology of DC/DC 
converter 

Equivalent circuit diagrams of all period time intervals 
were already derived, too. In Fig. 6, a simplified sequence 
from equivalent circuit diagrams of significant period time 
intervals is shown. 
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Fig. 6  Simplified sequence of equivalent circuit diagrams of 
chosen topology of DC/DC converter 

From the operation principle analysis was obvious that 
the entirely soft switching DC/DC converter could be 
designed by application of some kind of auxiliary circuit. 
A principled circuit diagram of chosen converter topology 
containing auxiliary circuit (snubber) is shown in Fig. 7. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7  Principled circuit diagram of chosen topology of DC/DC 
converter containing auxiliary circuit 

 
3. CURRENTLY SOLVED PART OF RESEARCH 

TASK 

To resolve this problem, a novel type of auxiliary 
circuit (snubber) was proposed. Therefore, a proposed 
topology of soft switching DC/DC converter with 
secondary side active rectifier has lossless auxiliary 
circuit. In Fig. 8, a circuit diagram of proposed soft 
switching converter topology is shown and in Fig. 9, a 
proposed control algorithm of this topology is shown. 

A veritable function of proposed topology of soft 
switching DC/DC converter with secondary side active 
rectifier was verified by experimental measurement of  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8  Circuit diagram of proposed topology of soft switching 
DC/DC converter 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9  Control algorithm of proposed topology of soft switching 
DC/DC converter 

laboratory model. For this verification, the 3kW 
laboratory model of this converter topology was built. 

It was designed for rated input voltage of converter 
UIN = 300V. The rated switching frequency of converter is 
fS = 50kHz. The rated turn’s ratio of step down power 
transformer is pTR = 5. 

A picture of this laboratory model is shown in Fig. 10. 
In the following, key experimental results are presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10  Laboratory model of proposed topology of soft 
switching DC/DC converter 

Experimentally measured time waveforms of 
collector-emitter voltage uSs3 and collector current iSs3 of  
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inverter transistor switch SS3, collector-emitter voltage uSu 
and collector current iSu of rectifier transistor switch SU, 
collector-emitter voltage uSp and collector current iSp of 
auxiliary circuit transistor switch SP are shown in Fig. 11. 
From all these waveforms is obvious that in the proposed 
topology of soft switching DC/DC converter with 
secondary side active rectifier the soft switching is 
reliably achieved. The transistor switch SS3 turns on at 
zero voltage and also at zero current, and turns off at zero 
current. The transistor switches SU, SP turn on at zero 
current, and turn off at zero voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11  Measured waveforms of voltage and current of transistor 
switches SS3, SU, SP 

4. CONCLUSIONS 

Soft switching of all transistor switches is reliably 
ensured. In the future, the laboratory model of proposed 
topology of soft switching DC/DC converter should be 

optimized, the analytical time waveforms of this converter 
topology and the equivalent circuit diagrams of all period 
time intervals should be derived. Also, another type of 
auxiliary circuit could be proposed. By this way, the 
complexity of auxiliary circuit could be reduced. 

The proposed auxiliary circuit could consist of passive 
devices like capacitor, inductor, diode, and also active 
devices like transistor. Hence, finally proposed auxiliary 
circuit can be passive or active. Generally, passive circuit 
is simpler than active circuit, but active circuit can be 
more effective and in many situations more convenient. It 
must be taken into consideration that control algorithm of 
active circuit can significantly influence the resultant 
function and effect. Therefore, a correct combination of 
auxiliary circuit and control algorithm is very significant. 

The load range in which the soft switching of all 
switches is reliably ensured should be taken into 
consideration, too. 
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