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Abstract: 

In this work, an isolated high step-up DC-DC converter with reduced switching losses is presented based on the quasi switched 

boost network. The important features of this converter are continuous input current and reduced turns ratio of the isolation 

transformer. Series resonant converter connected in the primary side of the isolation transformer reduces the switching losses. 

Also this converter has increased reliability, as it can operate in either short-circuit mode or open-circuit mode without causing 

damage to the power converter. This converter uses fewer passive components. The operating principles, analysis and parameter 

design guidelines are presented in this work. This converter is used for distributed power generation applications where a varying 

low DC input voltage is converted to a high stabilized DC output voltage. Simulation is carried out in MATLAB. The controller 

used for hardware implementation is dsPIC30F2010. 
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I. INTRODUCTION 

 

A high step up DC-DC converter is typically used to convert a 

low-voltage DC energy source to a higher DC voltage before 

connecting it to a DC-AC inverter for grid connected 

applications. Recently, many high step-up DC-DC converters 

have been proposed to obtain high voltage gain in isolated and 

non-isolated topologies. For non-isolated topologies, in which 

galvanic isolation is not provided, various approaches such as 

using a coupled inductor, cascaded technique, a switched-

capacitor, a switched-inductor and voltage multiplier cells 

have been applied to the DC-DC conversion process to 

provide a high boost in cascade and transformer less structures 

with a high efficiency and high power density. In non-isolated 

converters, however, the galvanic isolation provided (between 

the input and output stages of the power converters) does not 

meet the safety standards. To address this, a number of 

isolated converters for high step-up applications have been 

proposed. Some of the isolated converters are Z source(ZS) 

based isolated DC-DC converter[1],quasi Z source(qZS) based 

isolated DC-DC converter[3] etc. Compared to the ZS-based 

isolated DC-DC converter, the qZS-based isolated DC-DC 

converter has advantages such as reduction in the passive 

component ratings and an improvement in the input profiles 

[3]. In order to reduce the shoot-through duty cycle by over 

30% at the same boost factor, step-up isolated DC-DC 

converters with a cascaded quasi-Z-source network have been 

proposed [6]. In order to reduce the weight, size and cost of 

the power converters, switched-boost/quasi-switched-boost 

networks were proposed. Compared to qZS network, quasi 

switched networks uses one less capacitor with a lower capac- 

itance and one less inductor with a higher inductance; lower 

current rating on both switches and diodes, higher boost factor 

with the same parasitic effect and higher efficiency[7].The 

main drawback in all switch mode converters that are coupled 

with inverters are the dynamic losses during the commutation 

process of inverter bridge switches. To avoid the dynamic 

losses, resonant converters are used due to high efficiency, 

high switching frequency and high power density[10]. 

 

II. ISOLATED HIGH STEP UP DC-DC 

CONVERTER BASED ON QSB NETWORK 

 

Figure 1 shows the qSB based isolated DC-DC converter [8]. 

This converter utilizes a qSB inverter, a high frequency step-

up isolated transformer and a load. It consists of one inductor, 

three capacitors, eight diodes (including four body diodes in 

power switches), four power switches and one step-up high-

frequency transformer. As the input voltage is directly 

connected to the inductor, the source current in this converteris 

continuous. This converter has four operating modes namely 

shoot through mode, active negative mode, zero mode and 

active positive mode [8]. Open circuit and short circuit mode 

of operation is possible for this converter. The output voltage 

V0 is given by 

                                  𝑉0 =
2𝑛𝑉𝑑𝑐

1−2𝐷𝑆𝑇
                                      (1) 

Where n, DST are  the turns ratio of isolation transformer and 

shoot through duty ratio respectively. 

 
Figure.1. Circuit diagram of qSB based isolated high step 

up DC-DC converter 
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The major drawback of the circuit is the high switching losses. 

In order to reduce the switching losses, a series resonant 

converter is added to the primary side of the is olationtrans 

former. 

 

III. QSB BASED CONVERTER WITH REDUCED 

SWITCHING LOSSES 

 

Figure 2 shows the proposed converter with reduced switching 

losses. A series resonant converter is added to the primary side 

of the transformer for achieving zero current switching.  

 
Figure.2. Circuit diagram of qSB based converter with 

reduced switching losses 

 

The resonant converter consists of inductor Lr and capacitor 

Cr. At turn ON, the switch current will rise slowly from zero. 

It will then oscillate, because of the resonance between Lr and 

Cr. Finally, the switch can be commutated at the next zero 

current duration. By adding resonant converter, the switching 

losses gets reduced. 

 

IV. CONTROL STRATEGY 

Figure 3 shows the switching pattern of the converter. PWM 

control is used. A reference voltage, Vref , is compared to a high 

frequency triangle waveform, Vtri1, to generate the control 

signals for switches S1 and S2. Another reference voltage with 

an amplitude of (1-Vref )  is also compared to Vtri1 in order to 

generate control signals for the  switches S3 and S4 . Vref   should 

be in the range of (0.25, 0.75) to ensure that the duty cycle of 

the active states is more than 50 percent. To generate the 

shoot-through modes, a constant voltage, Vsh, is compared to 

another triangle waveform, Vtri2, with 1800 phase shift to Vtri1. 

Ensure that Vsh is in the range of [Vref , 1]. The shoot-through 

control signal is then inserted into the control signals of 

switches S1 and S4 through OR logic gates. When Vref = 0.5, the 

converter cannot generate the zero voltage.  When Vref  > 0.5, 

the zero voltage is generated by switching on S2 and S4 as 

shown in figure 3. When Vref  < 0.5, the zero voltage is 

generated by switching on S1 and S3. From figure 3, we can 

observe that the operating frequency of the transformer is also 

the switching frequency. Vref  is  normally kept constant for the 

unchanging  voltage  waveforms of  the transformer. 

Therefore, the control voltage of the proposed converter is 

only Vsh. Here, Vsh is the shoot-through control voltage. It 

relates to the shoot-through duty cycle as Vsh  =  1 - DST . As 

shown in figure 3, the proposed converter operates  o n l 

y   with a short-circuit mode and without the open-circuit 

mode, where  all switches are turned OFF. In the operating 

process however, if all switches are turned OFF, the current 

will free-wheel through the diodes without any spike voltage 

generations on the devices. Therefore, this converter can 

operate in either short-circuit mode or open-circuit mode 

without causing any damage to the power converter. 

 
Figure.3.PWM control 

 

V. SIMULATION MODEL AND RESULTS 

 

The converter is simulated using MATLAB. A voltage of 5 V 

is given as input voltage. The switch is controlled by PWM 

technique. The switching frequency is taken as 10kHz and 

shoot through duty ratio is 0.25. 

 

 
Figure.4.Simulink model of qSB based converter with 

reduced switching losses 

 

 
Figure. 5.Gate signal for the switches 
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Figure. 6.Input and output voltages 

 

 
Figure.7. Current through resonant inductor and voltage 

across resonant capacitor 

 

 
Figure .8.Voltage stress across the switches 

 

 
Figure .9. Gate signal and current of S1 and S2 

 

 
Figure .10. Gate signal and current of S3 and S4 

 

Input and output voltages are shown in figure 6. The voltage 

stress across the switches are shown in figure 8. The stress 

across each switch is 10 V. Figure 9-10 shows the gate signal 

and current through switches. Simulation results shows that 

approximate zero current turn ON and turn OFF is obtained. 

 

VI. HARDWARE IMPLEMENTATION 

 

The controller used for hardware implementation is 

dsPIC30F2010.The controller is programmed by simple 

MATLAB interfacing method 

 
Figure 11. Simulink model for interfacing dsPIC 

 

 
Figure .12. Experimental setup 

 

 
Figure .13.Gate signal for the switches S1and S2 

 

 
Figure. 14.Gate signal for the switches S3 and S4 

 

 
Figure .15. Input and output voltages 
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Figure.16.Voltage stress across the switches S1 and S2 

 

 
Figure.17.Voltage stress across the switches S3 and S4 

 

 
Figure .18.Gate signal and Current through switch S2 

 

The converter is given an input voltage of 5 V. The output 

voltage obtained is 35V. Input and output voltages are shown 

in figure 15. The voltage stress across the switches is shown in 

figure 16-17. The stress across each switch is 10 V. Figure18 

shows the gate signal and current through switch S2. Zero 

current switching is obtained. Experimental results are in close 

agreement with simulation results. 

 

VII. CONCLUSION 

 

A qSB based converter with reduced switching losses is 

introduced. This converter can operate in either short-circuit 

mode or open-circuit mode without causing any damage to the 

power converter. In addition, the input current of the converter 

discontinuous. Thus, the converter can reach the required 

reliability without the need for any additional components. As 

the VDR and shoot-through duty cycle are used to boost 

voltage, the turns ratio of the isolated transformer is 

significantly reduced. This converter uses fewer passive 

components. Therefore, the size, weight and cost of the 

converter are reduced. The presence of resonant converter in 

the primary side of isolation transformer significantly reduces 

the switching losses thereby improving the converter 

efficiency. Hardware results are in close agreement with the 

simulation results. 
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