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Abstract— This paper is aimed at designing and modeling 

an efficient DC-DC Full Bridge Converter which will give 

high efficiency and reduced power losses. The designed 

converter is of 3 kW buck converter. This converter is 

proposed for the application in hybrid electric vehicle and 

railways where low output voltage is required. The existing 

model is investigated and it is found that it has less 

efficiency, more power loss and larger size. Hence a new 

model is proposed which will overcome the problems 

existed in the previous model. For this purpose current 

doubler circuit has been used in the secondary side of the 

transformer. In current doubler is a simple rectifier in which 

secondary side of the transformer see only half of the 

current flowing to the load which in turn causes the less 

current in secondary winding of the transformer and hence 

less loss, therefore increased efficiency. It reduces the ripple 

at the output which is again advantage in improving the 

efficiency of the converter. All the calculations will be 

carried out and simulations are performed in MATLAB. The 

switching technique used in this proposed model is Zero 

Voltage Switching (ZVS). 
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I. INTRODUCTION 

DC-DC power converters are employed in order to 

transform an unregulated DC voltage input (i.e. a voltage 

that possibly contains disturbances) in a regulated output 

voltage. A DC-DC power converter can transform an 

unregulated (i.e. distorted) input voltage in a regulated (i.e. 

clean) voltage at the output. Some DC-DC power converters 

have a fixed output reference and ensure that such voltage is 

always delivered, no matter what the input is; some others 

can have a variable output reference, which can be therefore 

set depending on the current need of the device the power 

converter is used in. The converter discussed in this work 

belongs to this first category. In particular, the converter is 

able to deliver output voltages both lower than the input 

voltage; this is why it is referred to as a buck or step-down 

power converter. A schematic depicting the abstract 

functionality of a DC-DC power converter can be seen in 

Figure.1. The switched mode dc-dc converters are some of 

the simplest power electronic circuits which convert one 

level of electrical voltage into another level by switching 

action.  These converters have received an increasing deal of 

interest in many areas. This is due to their wide applications 

like power supplies for personal computers, office 

equipments, appliance control, telecommunication 

equipments, DC motor drives, automotive, aircraft, etc. The 

analysis, control and stabilization of switching converters 

are the main factors that need to be considered. 

Fig. 1: DC-DC Voltage Converter 

Many control methods are used for control of 

switch mode dc-dc converters and the simple and low cost 

controller structure is always in demand for most industrial 

and high performance applications. Every control method 

has some advantages and drawbacks due to which that 

particular control method consider as a suitable control 

method under specific conditions, compared to other control 

methods. The control method that gives the best 

performances under any conditions is always in demand. 

The commonly used control methods for dc-dc converters 

are pulse width modulated (PWM) voltage mode control[1], 

PWM current mode control with proportional (P), 

proportional integral (PI), and proportional integral 

derivative (PID) controller. These conventional control 

methods like P, PI, and PID are unable to perform 

satisfactorily under large parameter or load variation. 

Therefore, nonlinear controllers come into picture for 

controlling dc-dc converters[2][3]. The advantages of these 

nonlinear controllers are their ability to react suddenly to a 

transient condition. 

II. FULL BRIDGE CONVERTER 

A full bridge converter consists of four switching 

components in a bridge configuration across a power 

transformer. The switches used to adjust the voltage and 

polarity using pulse width modulation (PWM). The first 

thing to decide when designing a power supply is to choose 

a suitable topology. A set of factors will drive the decision, 

such as input and output voltage (lower, higher or inverted, 

multiple outputs etc) - Output power (Some topologies are 

limited in power) – Safety (Isolated/non-isolated converter) 

- Cost (related to number of power devices)[4]. The most 

common type of DC-DC converters can be divided into two 

categories depending on how they transfer the power[5]. 

The energy can go from the input through the magnetics to 

the load simultaneously or the energy can be stored in the 

magnetics to be released later to the load. An electrical 

circuit of dc-dc full bridge converter is given below. 

 
Fig. 2: Conventional dc-dc full bridge converter 
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The switching topology used for the full-bridge 

converter is the bipolar voltage switching, where the 

transistors are switched in pairs. Transistors T1 and T4 are 

considered as one switch pair and transistors T2 and T3 are 

considered as the other switch pair. The output voltage V0 is 

controlled and regulated by the PWM scheme seen in 

Figure.2. where a sawtooth signal is compared with a 

voltage control signal from the control circuit.  

During the first half period, the switch pair T1 and 

T4 are conducting as long as the sawtooth signal is lower 

than the control signal. When it exceeds the control signal 

the transistors stops to conduct until the second half period 

takes place when the switch-pair T2 and T3 starts to conduct 

until the sawtooth signal yet again exceeds the control 

signal. 

 
Fig. 3: Full Bridge Converter Switch Topology 

III. SWITCHING TECHNIQUE 

Switching techniques are used in power converters to  

improve the converter efficiency but it add the some 

switching losses in the circuit[13]. A converter consists of a 

few controlled and a few uncontrolled devices (diodes). 

While the first device is driven to turn-on or off, the 

uncontrolled device operates mainly as a slave to the former. 

Power loss in the converter is the aggregate of these losses. 

There are two types of switching techniques; 

1) Hard Switching 

2) Soft Switching 

A. Hard Switching 

Most contemporary non-isolated buck voltage regulators 

incur high-switching losses due to the simultaneous 

occurrence of high-current and -voltage stress imposed on 

the regulator’s integrated metal oxide semiconductor field-

effect transistor (MOSFET) switch during the turn-on and 

turn-off transitions. These losses increase with switching 

frequency and input voltage and limit maximum frequency 

operation, efficiency, and power density.  Hard switching 

occurs during the overlap between voltage and current when 

switching the MOSFET on and off. Voltage regulator 

manufacturers try to minimize the overlap to in turn 

minimize the switching losses by increasing the rate of 

change of current (di/dt ) and voltage (dv/dt) in the 

switching waveform. .  One way to minimize EMI effects, 

while still taking advantage of fast switching to enhance 

efficiency, is to select a switching regulator that employs an 

improved hard-switching technique called quasi-resonant 

switching (also known as “valley” switching). During quasi-

resonant switching the MOSFET is turned on when the 

voltage across drain and source is at a minimum (in a valley) 

in order to minimize the switching losses. This allows the 

device to operate with a more modest rate of change in 

voltage or current, and thus reduces EMI[6]. The switching 

loss is given by 

𝑃𝑠 =
𝑉0𝐼0𝑓𝑠(𝑡𝑛+𝑡0)

2
 

The above equation shows that switching losses 

vary linearly with output voltage (Vo), output current (Io), 

switching frequency (fs), its fall time (tn) and rise time (to). 

B. Soft Switching 

To obtain loss-less switching, soft switching techniques are 

preferred at high switching frequency. The advantages of 

soft switching are:   

1) High frequency operation is possible 

2) Reduction in the converter size 

3) Less EMI as switching process is not abrupt 

4) Parasitic capacitance energy can be recovered 

completely 

C. ZVS (Zero Voltage Switching) 

One solution enabling a return to faster switching frequency 

at higher input voltage and voltage drop is Zero Voltage 

Switching (ZVS). This technique, like virtually all 

contemporary switching voltage regulators, uses pulse width 

modulation (PWM)-based operation, but with an additional 

separate phase to the PWM timing to allow for ZVS 

operation[7]. ZVS enables the voltage regulator to engage 

“soft switching”, avoiding the switching losses that are 

typically incurred during conventional PWM operation and 

timing. 

 
Fig. 4: Hard switching and soft switching waveform. 

This technique operates with a capacitor across the 

switch. In a unidirectional switch, voltage across capacitor 

Cr oscillates both in positive and negative half cycles freely 

and hence the resonant switch operates in full wave mode. 

During the negative half cycle, resonant capacitor voltage 

gets clamped to zero by the diode when it is anti-parallel to 

the switch ensuring the half wave operating mode. Voltage 

across the switch tends to zero, causing the switch to be 

turned ON with ZVS - if negative current is forced to flow 

through the anti-parallel diode. Switch voltage waveform 

during OFF time can be shaped by using the resonant 

circuit. This creates a zero voltage condition for the switch 

to turn ON which is the sole purpose of a ZV switch. 
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D. ZCS (Zero Current Switching) 

A switch that operates with zero current switching technique 

has an inductor in series with it. Switch current resonates 

only in the positive half cycle if the switch is unidirectional; 

creating a half wave mode of operation. Current through the 

switch can flow in both directions if the diode is connected 

anti-parallel to the unidirectional switch. In this case, the 

resonant switch operates in full wave mode. The switch is 

turned ON with zero current and the switch current 

oscillates due to the resonance between Lr and Cr. This 

switching is used to shape the waveform during conduction 

and to create a zero-current conduction for the switch to turn 

OFF. 

Sr. 

No. 
Parameters 

Hard 

Switching 

Soft 

Switching 

1. Switching Loss Severe Almost Zero 

2. 
Overall 

Efficiency 
Normal Higher 

3. Hardware Count Normal More 

4. EMI Problem Severe Low 

5. dv/dt Problem Severe Low 

6. 
Modulation 

Scheme 
Versatile Limited 

7. Cost Normal Higher 

Table 1: Comparison between hard and soft switching 

IV. PROPOSED CONVERTER 

In proposed model we are using the current doubler circuit 

at the secondary side of the transformer. The block diagram 

of the proposed has been given below in figure.5. 

 
Fig. 5: Block diagram of Phase Shifted full Bridge dc-dc 

Converter 

The inverter side of this topology is the same as 

conventional full bridge converter with four switches in two 

different legs. The difference is in the rectifier side which 

has only two switches instead of four.  

A. Current Doubler 

Each switch sees the output current when it is switched on, 

but this output current is divided between transformer and 

one of the output inductors. Therefore, only half of the 

output current ows through the transformer and that's why it 

is called current doubler. Less current in the transformer 

means less losses[8][9]. This circuit has one additional filter 

inductor in the output side compared to the conventional 

topology, but each of those inductors carries only half of the 

output current. Indeed, there is always current in these two 

inductors and these currents will be integrated and flow to 

the load. Comparing to other alternative topologies, which 

have center-tapped transformer, this circuit has simpler 

structure of transformer which results in smaller size. 

 
Fig. 6: Current doubler circuit 

In current doubler circuit the power transformer see 

only half of the current flowing at the output. Hence it 

reduces the conduction losses and therefore increases the 

efficiency[10]. 

V. CONVERTER DESIGN 

A. Inductor Design 

The inductor for step down converter can be calculated by 

the following formula, 

 
Where VIN  is input voltage of the converter. 

Duty cycle can be given as  

𝑫 =
𝑽𝒐
𝑽𝒊𝒏

 

Maximum Duty Cycle 

𝑫 =
𝑽𝒐𝒖𝒕
𝑽𝑰𝑵𝒎𝒂𝒙

× ƞ 

V(INmax)  = maximum input voltage 

VOUT  =  desired output voltage 

Ƞ = efficiency  

Inductor ripple current is given by following the relationship  

 
Where ΔIL  inductor ripple current.  

B. Capacitor Design 

The minimum value of capacitor can be calculated with the 

help of following formula 

 

C. Transformer Design 

The relationship between B and H is given by the following 

relation  

B = μH  

Where μ=μ0μr  

μ0= permeability of free space= 4𝝅*10-7 H/m 

μr= relative permeability of the core 

The primary winding handles, Pin, and the 

secondary handles, Po, to the load. Since the power 
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transformer has to be designed to accommodate the primary, 

Pin, and, Po, then, 

By definition: 

Total power loss Pt = Pin + Po            (Watt)  

Where Pin = Po / ƞ                            (Watt) 

Where Pin  =  is input power in VA 

Po =  output power in VA 

 Ƞ=  efficiency of the transformer 

Area product Ap  can be given as 

Ap=Ac*Aw= Pt /(4KBmfJKw) 

Where f is operating frequency, J is current density 

in Amp/m2 , Bm is maximum flux density in Tesla, Kw is 

window utilization factor, Aw is window area and Ac is cross 

section of wire.  

Voltage and current on the secondary side can be 

calculated by the relationship between the voltages and turn 

ratio given by the formula  

V1:V2=N1:N2=a 

Where a is turn ratio of the transformer.  

Diameter of the selected wire can be calculated 

with the formula Area= 𝝅 d2/4. 

VI. SIMULATION & RESULT 

A simulation model is develop using matlab Simulink, 

which shows efficient dc dc full bridge converter using 

current doubler circuit on the secondary side of the 

transformer. Here proposed converter design consists of 

firstly calculation and then simulation on MATLAB 

software. By paralleling two switches and making a new 

module we have managed to halve the on state resistance of 

the MOSFET and therefore reduce the total conduction 

losses to a high extent. By this method some new results 

were obtained, which imply lower conductions losses in the 

semiconductors and consequently lower total losses in the 

device. The synchronous rectification has been applied and 

on the full bridge side phase shifting has been used while 

designing the simulink model in the MATLAB simulink.  

A. Simulink Model 

The simulated circuit has very less number of component 

therefore the various losses like conduction losses, 

switching losses and overall losses of the system has been 

reduced. The simulink model is given below. 

 
Fig. 7: Simulink model of dc-dc full bridge converter using 

current doubler. 

B. Output Voltage Plot 

Output voltage simulated graph has been shown in Figure.8. 

When we have applied the dc voltage of 400 volt the 

proposed dc- dc full bridge converter is giving the output 

voltage of 12 volt. As in earlier chapter we have discussed 

about the step down converter that the step down converter 

gives the output voltage lower than the input voltage. By 

observing the output voltage plot we verify that it is the dc-

dc full bridge step down converter.  

 
Fig. 8: Output voltage  

C. Efficiency Plot 

It is quite clear that even paralleling only on the secondary 

side increases the total efficiency. It is seen that the 

maximum efficiency is achieved with placing two switches 

in parallel on both sides of the converter. Maximum 

efficiency of the existing model is 94% at 400 V. But in 

proposed model maximum efficiency is 97.20% at 400 V, 

which means there is a significant increase in the efficiency 

of 3.4%.  

 
Fig. 9: Efficiency plot of Existing Model 
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Fig. 10: Efficiency plot of proposed converter. 

D. Output Current Plot 

The output current of the proposed converter is 100A and it 

gives almost zero ripple current due to charging and 

discharging of two inductors. 

 
Fig. 11: Output Current 

VII. CONCLUSION 

The aim of this project of designing an efficient dc-dc full 

bridge converter has been achieved and this has been 

fulfilled by introducing a current doubler circuit. The phase 

shifting technique has been on the primary side of the 

transformer. To overcome this action the transformer's 

leakage or external inductances and MOSFET's parasitic 

capacitances are effectively utilized to offer the soft 

switching possibility In order to achieve zero voltage 

switching over the switches, move on to adding some 

external inductance, additionally changing the coupling 

factor of the transformer to introduce leakage inductance 

that is usually present in the real transformer. In this thesis 

different methods topology dc-dc buck converter has been 

discussed. Also the structure of buck converter has been 

studied and its different parts are introduced. It has been 

shown that   the maximum efficiency achieved in the 

proposed phase shifted dc-dc full bridge converter with 

current doubler is 97.20%. 
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