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Abstract— This paper introduces a novel galvanically isolated 

boost half-bridge dc-dc converter intended for modern power 

electronic applications where ultra-wide input voltage regulation 

range is needed. A reconfigurable output rectifier stage performs 

a transition between the voltage doubler and the full-bridge diode 

rectifiers and, by this means, extends the regulation range 

significantly. The converter features a  low  number  of 

components and resonant soft  switching  of  semiconductors, 

which result in high power conversion efficiency over  a  wide 

input voltage and load range. The paper presents the operating 

principle, prototype design and experimental study of  the 

proposed converter. 
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I. INTRODUCTION 

Recent increased interest in residential and small 
commercial renewable energy systems has stimulated the 
research in the field of galvanically isolated step-up dc-dc 
converters with wide input voltage and load variation range. 
Such converters can be used, for instance, in small-scale 
residential wind turbines with permanent magnet synchronous 
generators, where the output voltage of the generator can vary 
in a very wide range [1]-[3]. Another example is the use of 
photovoltaic microconverters with shade-tolerant maximum 
power point tracking, which requires at least a six-fold input 
voltage regulation range to ensure the energy yield from a 
heavily shaded PV module [4],[5]. The requirements of wide 
input voltage and load regulation range make the design of the 
dc-dc converter very challenging, especially from the point of 
view of weighted efficiency, voltage and current stresses of 
the components. To satisfy this demand, different novel 
topologies of galvanically isolated step-up dc-dc converters 
have recently been investigated, which range from the single- 
switch magnetically integrated high-gain dc-dc converters [6] 
to more complex isolated buck-boost dc-dc  converters 
(IBBCs) [7]. The IBBCs can be categorized either as the 
multistage converters, i.e. when the buck and boost functions 
are performed by different switching cells [7]-[9], or as the 
single-stage   ones,   where   the   buck-boost   functionality   is 

 

realized by a single switching cell [10]-[11]. To enhance the 
performance of the single-stage IBBC further, the topology 
morphing control could be implemented, which, depending on 
the operating conditions of the converter, will reconfigure the 
switching cell to achieve better tradeoff between the power 
losses in the active switches and the resulting dc gain of the 
converter [12]. 

This paper presents an alternative realization approach of 
the high step-up galvanically isolated dc-dc converter with 
topology morphing control, where the regulation within the 
ultra-wide input voltage range is realized by the combination 
of the current-fed boost half-bridge cell and reconfigurable 
rectifier at the input and output sides of the converter, 
correspondingly. Compared to the existing IBBCs, the 
proposed converter has only three controlled switches and is 
capable of achieving ten-fold input voltage regulation range 
with high efficiency. 

 
II. PROPOSED CONVERTER AND ITS MULTI-MODE 

CONTROL PRINCIPLE 

The proposed converter is shown in Fig. 1. Its primary (or 
low-voltage) side is based on the boost half-bridge (BHB) cell, 
which is a well proven topology for such demanding 
applications as photovoltaic [13],[14], fuel cells [15],[16], and 
battery powered systems [17]. Having only  two 
complimentary controlled switches, the BHB stage could be 
regarded as one of the simplest approaches to the step-up 
galvanically isolated dc-dc converters, which is capable of 
regulating up to the four-fold input voltage variations. 
Moreover, the leakage inductance Llk of the isolation 
transformer is often used as a resonant inductor of the series 

 

 
Fig. 1.   Boost half-bridge dc-dc converter with reconfigurable rectifier. 

mailto:dmitri.vinnikov@ttu.ee
mailto:dmitri.vinnikov@ttu.ee
mailto:fbl@et.aau.dk
mailto:yam.siwakoti@uts.edu.au


 

 

 

resonant tank formed with the dc-blocking capacitor C1 [18] 
(Fig. 1). The secondary (or high-voltage) side of the converter 
is based on a reconfigurable rectifier, which, depending on the 
operation mode, can operate either as a Greinacher voltage 
doubler rectifier or a full-bridge rectifier. As compared to [19], 
where a similar approach has been used to widen the output 
voltage range of the step-up dc-dc converter, the application of 
the reconfigurable rectifier in the current study results in an 
extended practical input voltage regulation range of the BHB 
by more than twice. Depending on the configuration of the 
rectifier, the converter can feature two operating modes, which 
result in different dc voltage gains. 

 

A. Greinacher Voltage Doubler Rectifier (GVDR) Mode 

In this mode, the switch S3 is permanently turned ON and 
the rectifier is operating as a GVDR (Fig. 2a). The duty cycle 
variation of the main switch S2 defines the dc voltage gain. 
The switch S1 in combination with the capacitor C2 acts as an 
active clamping circuit, and it is controlled complementary to 
S2. A dead-time TDT between commutations of S1 and S2 is 
needed to avoid short-circuiting of the clamping capacitor C2. 
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Fig. 3.   Equivalent circuits of the converter operating in the GVDR mode for 

the time intervals [t0;t1] (a), [t1;t2] (b) and [t2;t3] (c) defined in Fig. 2b. 
 

 

(a) 
During the time interval [t0;t1], the BHB stage is increasing 

energy stored in the input inductor, while the dc blocking 
capacitor C1 is charging the output capacitor C3, as shown in 
Fig. 3a. At the same time, the output capacitor C4 is feeding 
the load. The duration of this interval defines the dc voltage 
gain of the BHB stage. Commutation of the switches S1 and S2 

is separated by means of the dead-time of duration [t1;t2] and 
[t3;t4] (Fig. 3b). During the dead-time, the body diode of the 
switch S1 clamps voltage of the switch S2 at the voltage of the 
capacitor C2 and conducts the current difference between the 
input current and the transformer current. During the 
remaining time of the switching period [t2;t3], the output 
capacitor C4 is being charged by the input inductor L1 and the 
clamping capacitor C2, as shown in Fig. 3c. 

The dc voltage gain GGVDR of the converter in the GVDR 
mode can be expressed as: 
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where VIN and VOUT are the input and the output voltages, 
correspondingly, n is the turns ratio of the transformer, and D 
is the duty cycle of the switch S2. The voltage stresses of the 
capacitors in the GVDR mode are presented in Table I. 
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Fig. 2.   Reconfiguration  (a)  and  generalized  operating  principle  (b)  of  the 

proposed converter in the GVDR mode. 

B. Full-Bridge Rectifier (FBR) Mode 

In this mode, the switch S3 is permanently turned OFF and 
the rectifier is reconfigured to FBR, where the antiparallel 
diode of the switch S3 operates as part of the rectifier bridge 
(Fig. 4a). The primary part of the converter operates similar 
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The isolation transformer in the BHB converter is supplied 
with an asymmetric voltage VTX,pr at the following peak values: 
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In the GVDR mode, the rectifier is supplied with 
asymmetrical bipolar voltage pulses and the voltage stress 
across the capacitor C3 is directly proportional to the input 
voltage (see Table I). In the FBR mode, the capacitor C3 shifts 
the secondary winding voltage VTX,sec so the input voltage of 
the rectifier (Vr in Fig. 4a) has equal absolute values of the 
positive and negative peak voltages, which are equal to the 
output voltage VOUT, i.e. the voltage swing of Vr equals 2·VOUT. 
Also, the voltage polarity of the capacitor C3  depends on the 
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duty cycle value D in the FBR mode (Table I). 

The idealized dc voltage regulation characteristics obtained 
from Eqs. (1) and (2) are shown in Fig. 6. Obviously, at the 
same duty cycle value, the converter features twice higher dc 
voltage gain in the GVDR mode compared to the FBR mode. 
It is shown with the dotted green curve that the transition 
between the two modes is possible by means of duty cycle 
step change that results in the same dc voltage gain after 
switching to the other mode. In practice, a small hysteresis 
will be required to smoothen the transition process between 
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 the two operating modes. This study does not consider  a 

closed loop control system and presents the converter 
performance in static operation points. 
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Fig. 4.   Reconfiguration  (a)  and  generalized  operating  principle  (b)  of  the 

proposed converter in the FBR mode. 

 

to the GVDR mode; however, due to the properties of the 
FBR, the converter features twice smaller dc voltage gain: 
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The converter operation in the FBR mode could be 
described using the equivalent circuits shown in Fig. 5. During 
the time interval [t0;t1], the switch S1 forces the input inductor 
to increase the energy stored inside. Also, the blocking 
capacitor transfers part of its energy to the output capacitor C4 

through the isolation transformer, capacitor C3, rectifier diodes 
D2 and D3, as shown in Fig. 5a. During the dead-time intervals 
[t1;t2] and [t3;t4], the body diode of the switch S1 conducts the 
current difference between the input current and the 
transformer current and clamps the voltage of the main power 
switch S2. Polarity of the transformer voltage changes, which 
results in the conduction of the rectifier diode D1 and the body 
diode of the switch S3, as shown in Fig. 5b. It could be seen 
from Fig. 5c that these diodes continue conducting during the 
time interval [t2;t3] after the switch S1 is turned ON  and 
charging the capacitor C4 from the clamping capacitor C2. 
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Fig. 5.   Equivalent circuits of the converter operating in the FBR mode for the 

time intervals [t0;t1] (a), [t1;t2] (b) and [t2;t3] (c) defined in Fig. 4b. 
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VIN = 100 V and the switch duty cycle D = 0.2. Efficiency drop 
occurs at VIN = 10 V due to the high input current of 15 A, 
resulting in excessive conduction and switching losses that 
cannot be properly managed by means of the natural cooling 
of the switch through PCB. Hence, the input current is limited 
to the value of 15 A. 

 

TABLE I. IDEALIZED VOLTAGE STRESSES OF THE CAPACITORS 

Fig. 6.  Idealized  voltage  regulation  characteristics  and  suggested  transition 

between the GVDR and FBR modes. 

 

III. EXPERIMENTAL RESULTS 

The experimental prototype of the proposed converter with 
a rated power of 150 W was assembled and tested within the 
input voltage range from 10 V to 100 V, i.e. 1:10 range, while 
providing a stabilized voltage of 400 V at the output. Passive 
components, semiconductors and control system parameters 
are described in Table II. It utilizes SiC MOSFET with co- 
packed SiC Schottky barrier diode (SBD) ROHM 
SCH2080KE, which is the only switch of this type available 
off-the-shelf. The SBD allows avoiding the operation of the 
switch body diode with considerably higher forward voltage 
drop and non-zero reverse recovery losses. Only generic Si 
switches were used within the BHB switching stage. 

Figs. 7a and 7b show the experimental voltage and current 
waveforms of the proposed converter, which were acquired at 
D = 0.45 and input power P = 150 W for the GVDR and FBR 
modes, correspondingly. It is seen from Fig. 7 that in both 
operating modes the converter maintains continuous input 
current. The voltage swing of Vr in the FBR mode is twice 
wider than in the GVDR mode and equals 2·VOUT, which 
properly matches the theoretical predictions. The operating 
currents of the isolation transformer have the sine-like shapes, 
which confirms the resonant nature of the proposed converter. 

The experimental efficiency curves measured at the rated 
power of 150 W within the input voltage range from 10 V to 
100 V are shown in Fig. 8. The transition between the GVDR 
and FBR modes was realized at VIN = 50 V, which has resulted 
in a relatively flat efficiency of more than 95% within a wide 
input voltage range, i.e. from 20 to 100 V. The peak efficiency 
of 96.7% was obtained in the FBR mode at the input voltage 

 

 

TABLE II.   TYPES AND VALUES OF THE COMPONENTS USED IN A 150 W 
EXPERIMENTAL  PROTOTYPE 

 

  
Fig. 7. Experimental waveforms acquired at D = 0.45 and P = 150 W: GVDR mode at VIN = 35 V (a) and FBR mode at VIN = 70 V (b). 
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Component/Parameter Value/Type 

Passive components 

Input inductor L1 90 μH 

Resonant capacitor C1 2 x 6.8 μF 

Capacitor C2 47 μF 

VDR capacitor C3 1 μF 

Output buffering capacitor C4 3 μF 

Isolation transformer turns ratio n 6 

Leakage inductance Llk 0.25 μH 

Magnetizing inductance Lm 28 μH 

Semiconductors 

Switches S1 and S2 Infineon IPB117N20NFD 

Driver of switches S1 and S2 

Analog Devices 2-Channel 

ADuM3223 (0V / +9V) 

Switch S3 ROHM SCH2080KE 

Driver of switch S3 

Analog Devices 

ADuM3223 (0V / +18V) 

VDR diodes D1 and D2 Wolfspeed CSD01060E 

Control system 

Microcontroller ST STM32F334R8T6 

Switching frequency fSW 100 kHz 

Dead-time TDT 100 ns 
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Fig. 8. Measured efficiency of the proposed converter operating at the rated 

power. 
 

 

IV. CONCLUSIONS 

A novel high step-up galvanically isolated dc-dc converter 
was proposed and experimentally validated. Its main operation 
principle is based on the topology morphing concept, i.e. when 
the dc gain of the converter could be adjusted by the 
reconfiguration of the output rectifier. As a result, the 
proposed converter is capable of regulating  a  ten-fold 
variation of the input voltage whilst maintaining the high 
power conversion efficiency. The continuous  input  current, 
low number of components and ultra-wide input voltage 
regulation range make the converter suitable for the low power 
renewable energy applications, such as PV microconverters. 
Theoretical predictions were confirmed by  the  help  of  a 
150 W experimental prototype with ten-fold input voltage 
variation range (i.e. from 10 to 100 V) and a peak efficiency 
close to 97%. Future research will be focused on the 
optimization of the proposed converter to further enhance its 
efficiency, especially in the GVDR mode at the lowest values 
of the input voltage. The resonant properties of the converter 
need further in-depth study. Detailed design guidelines will be 
elaborated both for the hardware and control system to ensure 
the highest possible performance over a wide input voltage 
and load regulation range. 
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