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ABSTRACT  

In this project, double step-down DC-DC converter with high efficiency and high step-down function is proposed. The proposed converter 

has a double step-down feature with reduced voltage stress at the primary side of the transformer .Without adding complexity to the hardware 

and control, the proposed converter inherently prevents transformer saturation problem caused by the DC component of the transformer. 

Moreover, voltage stress of three primary side switches reduces to half of the input voltage and zero voltage switching (ZVS) is naturally 

achieved for all switches with lower output capacitor energy of the switches. An experimental prototype is developed  

  

Index Terms—Double step-down, full-bridge converter, phase-shift, transformer saturation, zero voltage switching   

  

I. INTRODUCTION  
               DC-DC converters are electronic devices used whenever we want to change DC electrical power efficiently from one voltage level 

to another. They are needed because unlike AC, DC cannot simply be stepped up or down using a transformer. In many ways, a DC-DC 

converter is the DC equivalent of a transformer .In many of these applications, we want to change the DC energy from one voltage level to 

another, while wasting as little as possible in the process. In other words, we want to perform the conversion with the highest possible 

efficiency. An important point to remember about all DC-DC converters is that like a transformer, they essentially just change the input energy 

into a different impedance level. So whatever the output voltage level, the output power all comes from the input; there is no energy 

manufactured inside the converter. Quite the contrary, in fact some is inevitably used up by the converter circuitry and components, in doing 

their job. We can therefore represent the basic power flow in a converter with this equation Pin = Pout + P (losses) .Of course if we had a 

perfect converter, it would behave in the same way as a perfect transformer. There would be no losses, and Pout would be exactly the same as 

Pin.  

We could then say that: V in x I in = V out x I out. However, the double step-down converters in were only applied to non-isolated DCDC 

converter and has not been explored in the transformer isolated DC-DC converter. In this paper, an isolated double step-down DC-DC converter 

is proposed. The proposed converter features wider ZVS range and does not have transformer saturation problem. To verify the performances 

of the proposed converter, a 3 kW prototype has been built and tested.  

 

DOUBLE STEP DOWN CONVERTER  

           The double step down is applied for non–isolated dc-dc converter and formerly not used in transformers. Here there is no transformer 

saturation problem since implemented parallel. Due to parallel operation if one gets failed the other works and There is continuity in operation. 

DC blocking capacitor is generally connected in series with the transformer to avoid transformer saturation problem. Addition of one extra 

capacitor the converter has following advantages over the conventional two-phase interleaved DC- DC converter. First, there is no current 

unbalance problem between L1 and L2 due to the charge (amp-sec) balance condition of the Ci. Therefore, no additional current sensing circuit 

and control scheme is required. Secondly, voltage stress of the three switches becomes half of input voltage.  

                               

                              

   BOOST MODE OF OPERATION  
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                                                                                          Fig.1.Double stepdown converter  

  

Fig.2 shows the boost converter. In boost mode, output voltage is stepped up. During this mode switch S1 & diode D2  turned ON. The 

energy is transferred from low voltage.The current rises in the inductor due to V and the energy is stored in the inductor. When the switch S2 

& D1 are turned ON. The inductor discharge and its energy is added with the input voltage VL. This increased voltage is applied to the 

motor. The energy is transferred in forward direction.  

A boost converter (step-up converter) is a DC-to-DC power converter that steps up voltage (while stepping down current) from its input 

(supply) to its output (load). It is a class of switched-mode power supply (SMPS) containing at least two semiconductors (a diode and a 

transistor) and at least one energy storage element: a capacitor, inductor, or the two in combination. To reduce voltage ripple, filters made of 

capacitors (sometimes in combination with inductors) are normally added to such a converter's output (load-side filter) and input (supplyside 

filter).  

2 The below figure shows the Boost converter with switches S1; S2 with Resistive load at the end.  

                                      

                                                                                                   Fig.2 Boost converter   
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                                                                                           BUCK MODE OF OPERATION  

                                           

 
Fig.3 Buck converter  

  

  

Fig.3 shows the buck converter. The switches S3 and S4 are controlled instantly by means of pulse width modulation technique 

simultaneously by varying the duty cycle. During the buck operating mode, switch S4 and diode D3 is turned ON. Now energy is transferred 

from VH to VL .The energy is transferred in reverse direction.  

  

  ZVS CHARACTERISTICS  

In the conventional PS-PWM converter, all the switch voltages are changing from V in to zero. However, in the proposed converter switch 

voltages are changing from VIN /2 to zero. Although the voltage stress of the switch S2 is equal to, its voltage transition at the instant of 

switching is also from VIN /2 to zero or from VIN to VIN / 2. Therefore, all the switch voltage transition in the proposed converter is reduced 

to half of the conventional PS-PWM converter and this unique feature contributes to the extension of ZVS range in the proposed converter. It 

is well known that most of the soft switching PWM converters use L for soft switching and extra inductor is sometimes used if L is not 

sufficient. Thus, from transformer (or load) current required for ZVS is also reduced to half if we assume the same C in both cases .As depicted 

in Figure in the conventional PS-PWM converter, the two phase arms have different ZVS condition. The phase leg comprising S1 and S3 has 

lower transformer current at the instant of switching than the phase leg comprising S2 and S4 .Therefore, the ZVS range of converter is 

determined by the phase leg comprising S1 and S3 .However, in the proposed converter as depicted in Figure, the switches S3 and S4 have 

higher transformer current than S1 and S2 at the instant of switching.  

  

AUTOMATIC REMOVAL OF TRANSFORMER SATURATION PROBLEM  

It is well known that conventional bridge-type converters have transformer saturation problem due to the slightly different time delays in 

gate drive circuitry or in switching devices. However, the proposed converter can solve this problem automatically for the following reason. 

In addition, the Ci current constitutes part of the transformer current. To avoid transformer saturation, the two areas (area 1 and 2) in must be 

the same. In the proposed converter, with the addition of Ci, the two areas becomes the same due to the charge (amp-sec) balance condition  

3 

on the Ci. As a result, the saturation of transformer is removed automatically and completely. Due to absence of transformer saturation problem 

the efficiency of the proposed network is also good.  
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II. SIMULATION RESULTS  
  

  

 
  

Fig.4.Parallel operation of dc-dc converter  

  

Fig.4 shows the proposed converter. The structure of the transformer primary side is the same as that of the secondary side of the 

transformer remains the same as the conventional FB or PS-PWM converter. The output capacitances and body diodes of the switches, S1 S4 

respectively. Figure shows key waveforms of the proposed converter. The two gate signals of switches S1 and S3 (or S2 and S4) are 

complementary with the finite dead time, and S1 and S2 are phase-shifted by 180° same as the double step-down converter.  

                                                   

  

The Fig.5 shows the input current waveform of the converter .Due to the extended ZVS range of the proposed converter, there is a 

noticeable difference in efficiency at light Load. Since the conventional converter loses ZVS operation around 1.3 kW, there is relatively sharp 

efficiency drop at this power level. The proposed converter has slightly lower efficiency at heavy load. This is caused by the higher transformer 

current and hence higher switch currents and conduction loss. As shown in Figure with the addition of DC-blocking capacitor light load 

efficiency of the conventional PS-PWM converter becomes slightly lower than that of without DC-blocking capacitor. This is because the 

addition of DC-blocking capacitor causes lower transformer current, which results in lower available energy for ZVS.  
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4In this paper, the proposed and conventional PS-PWM converters are tested with the full-bridge rectifier circuits at the secondary sides. 

However, for this low output voltage the center-tapped rectifier can replace the full-bridge rectifier to further improve the efficiency of both 

the converters.  

  

                                                                              Fig.6 Output voltage of proposed converter  

  

The fig.6 shows the stepped down voltage of the converter. Here double step down operation is performed thus achieving maximum 

efficiency from the converter output. From the simulation result, we can know that in motoring operation the output voltage increases from 

zero and reaches the steady state value.  

  

  

Fig.7 Load voltage and load current  

  

Fig.7 shows the both load voltage and load current waveform. Here voltage is being stepped down to 12 V from an input of 100V.  
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                                                                           Fig.9 Key waveform of proposed converter  

  

Fig.8 shows the key voltage and current waveform of the proposed converter. The double step down waveform is depicted above  
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Fig.10 Output Inductor Voltage waveform  

  

 

 

From the fig10 shows the output inductor voltage waveform from the MATLAB Simulink output. The relationships between the capacitor Ci 

voltage and input voltage and voltage gain of the proposed converter can be derived from the flux (volt-sec) balance condition on the output 

filter inductor.  

In order to compare the ZVS range, can be used in both converters. As mentioned above, although the proposed converter has to 

charge/discharge three rather than two capacitors at the same time with the same energy stored in  

 

 

 

 

  

  

III. CONCLUSION  
In this paper Parallel operation of double step down dc-dc converter, we can conclude that the output voltage has no ripples. Less number        

of MOSFET switches are used in the converter and the switching loss is minimized. Parallel operation is being employed. The energy stored 

in capacitor is of compact in size. If one converter got damaged the process is continuous with other one. Voltage stress in minimized in the 

primary side of transformer.  7 
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