
IJIREEICE  ISSN (Online) 2321 – 2004 

ISSN (Print) 2321 – 5526 
 

International Journal of Innovative Research in 

Electrical, Electronics, Instrumentation and Control Engineering 

ISO 3297:2007 Certified 

Vol. 4, Issue 9, September 2016 

 

Copyright to IJIREEICE                                                    DOI 10.17148/IJIREEICE.2016.4917                                                                      79 

A Bi-Directional DC-DC Converter with High 

Voltage Gain 
 

Eldho George
1
, Harikumar R

2 

PG Student, EEE, ICET, Muvattupuzha, India
 1
 

Assistant Professor, EEE, ICET, Muvattupuzha, India
 2

 

 

Abstract: In this paper, a non-isolated bidirectional DC- DC converter is presented. The proposed converter consists of 

two boost converters to enhance the voltage gain. Four power switches are employed in the proposed converter which 

their body diodes are also used. Two inductors and a capacitor are also employed as passive components. The input 

current is divided to the inductors which causes the efficiency to be high. The voltage gain of the proposed converter is 

higher than the Conventional Bidirectional buck/boost Converter (CBC) in step-up mode. The simple structure of the 

proposed converter causes its control to be easy. The steady state analysis of the proposed converter is discussed in this 

paper thoroughly. The closed loop simulations are done in both bucks as well as in boost mode of operation. Also some 

modifications are done in the circuit to act this as both buck and boost converter at the same time. Finally, the proposed 

converter prototype circuit is implemented to justify the validity of the analysis. 

 

Keywords: High step-up converter, low voltage stress, non-isolated, reverses recovery, single switch, voltage doubler 

 

I. INTRODUCTION 

 

Nowadays, it is necessary to utilise clean and sustainable 

energy sources because of depletion of fossil reserves and 

environmental consequences of using them. With 

increasing demand for clean and sustainable energy 

sources recently, researchers pay more attention to suitable 

interface converters. Fuel cell (F.C.), wind energy and 

photovoltaic (PV) are renewable energies which have been 

widely applied to achieve environment friendly proposes. 

Dependence of the extracted power of the PV and wind 

energies on environmental specifications and low dynamic 

response off. Cs cause a storage element (battery) to be 

required in these systems. In order to charge and discharge 

the battery, a bidirectional converter is needed. 

Bidirectional converters transfer energy between two 

sources in both directions. Bidirectional DC-DC 

converters are widely used in various applications 

aerospace, uninterruptible power supplies (UPS), electric 

vehicles (EVs), photo voltaic hybrid power systems and 

many other appliances and industries. Depending on the 

application, isolated and non-isolated bidirectional 

converters are applied. Some of the isolated types of the 

bidirectional DC-DC converters are the fly back 

converters forward-fly back converters, half-bridge 

converters and full-bridge converters. Having large 

voltage gain in both step-up and step-down operation is 

one of the advantages of these converters. The fly back 

converters have simple structure and can be controlled 

easily. While the leakage-inductor energy cannot be 

recycled and the power switches of these converters suffer 

high-voltage stresses. In order to increase efficiency of 

these converters, the voltage clamp technique is applied to 

reduce voltage stresses on the switches. Non-isolated types  

 

 

of bidirectional converters comprise conventional 

boost/buck type ,multi-level type , three-level type, 

switched capacitor type, SEPIC/Zeta type and coupled 

inductor types. The multilevel type of converter has many 

switches. Also in the three-level type, voltage gain is low 

in both of step-up and step-down modes. 

In this Thesis, a non-isolated bidirectional DC-DC 

converter is presented. The proposed converter has simple 

structure. Four power switches are employed in the 

proposed converter which their body diodes are also used. 

In each direction, two of the switches are used as power 

switches and the others are used as the synchronous 

rectifiers. The proposed converter has large voltage gain. 

Besides, the input current is divided to the inductors which 

cause the size of them to become smaller. The proposed 

converter consists of two conventional boost converters. 

 

II.BI-DIRECTIONAL DC-DC CONVERTER WITH 

HIGH VOLTAGE GAIN 

 

The proposed converter consists of two boost converters to 

enhance the voltage gain. Four power switches are 

employed in the proposed converter which their body 

diodes are also used. Two inductors and a capacitor are 

also employed as passive components. The input current is 

divided to the inductors which causes the efficiency to be 

high. The voltage gain of the proposed converter is higher 

than the Conventional Bidirectional buck/boost Converter 

(CBC) in step-up mode. Besides, the voltage gain in step-

down mode is lower than CBC. Besides, the efficiency of 

the proposed converter more than CBC while the total 

stress on active switches are same. The simple structure of 
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the proposed converter causes its control to be easy. The 

steady state analysis of the proposed converter is discussed 

in this paper thoroughly. The stress on converters’ devices 

and CBC are compared in this paper. 

 

 
Fig 2.1: Proposed bidirectional DC–DC converter 

 

Fig.2.1 shows the system configuration of the proposed 

converter, which has a capacitor, two inductors and four 

switch-diodes. Two of the switches work as power 

switches and the remainders are applied for the 

synchronous rectifiers. The steady-state analysis of the 

proposed converter in step-up and step-down modes is 

discussed as follows. In order to analyze the steady-state 

characteristics of the proposed converter, the ON-state 

resistance RDS(ON) of the switches and the equivalent 

series resistances of the inductors and capacitors are 

ignored and the voltages of the capacitors are constant. 

 

III.OPERATIONAL PRINCIPLE 

 

The proposed converter works both in step-up mode and 

step-down mode. Both the modes are explained in the 

following section. 

 

A. Step-down mode  

The proposed converter in step-down mode is shown in 

Fig.3.1. In this operation mode, S3 and S4 work as power 

switches and switches S1 and S2 are the synchronous 

rectifiers. Characteristic waveforms of the proposed 

converter in continuous conduction mode (CCM) are 

depicted in Fig.3.and the current flow path in one 

switching period is illustrated in Fig. 3. The steady-state 

analyses are described as follows. 

 

Mode 1: During this time interval [t0, t1], S3 and S4 are 

turned on and S1 and S2 are turned off. The current-flow 

paths of the proposed converter are shown in Fig. 3.2(a). 

As seen in this figure, the energy of the DC source Hᵥ is 

transferred to inductors L1. Capacitor C is discharged to 

inductor L2 and capacitor CL. The following equations can 

be written in this mode: 

 

 

 
Fig.3.1: Equivalent circuit in the step-down mode 

 

 
Fig.3.2 (a): Current-flow path of the proposed converter in 

the step-down mode. Mode 1 

 

Mode 2: During this time interval [t1, t2], S1 and S2 are 

turned on and S3 and S4 are turned off. The current-flow 

paths of the suggested converter are shown in Fig. 3(b). 

Inductor L1 is demagnetized in this mode to capacitors C 

and CL. Inductor L2 is discharged to capacitor CL and 

provides energy to the load. Therefore, the voltages of 

inductors L1 and L2 can be written as: 

 

 
Fig.3.2(b): Current-flow path of the proposed converter in 

the step-down mode. Mode 2. 

 

 
 

B. Step-Up mode 

The proposed converter in step-up mode is shown in Fig.7. 

In this operation mode, S1 and S2 work as power switches 

and S3 and S4 are the synchronous rectifiers. The 

characteristic waveforms of the proposed converter in 

continuous conduction mode (CCM) are depicted in Fig. 
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8.Fig. 9 illustrates the current flow paths in one switching 

period. The steady-state analyses are described as follows. 

 

 
Fig.3.3. Equivalent circuit in the step-up mode 

 

Mode 1: During the interval [t0, t1], S1 and S2 are turned 

on and S3 and S4 are turned off. As shown in Fig. 3.4(a), 

in this interval the energy of the DC source VL is 

transferred to inductor L2. Inductor L1 is magnetized by 

the DC source VL and the energy stored in capacitor C. 

Capacitor CH is also discharged to the load. The following 

equations can be obtained in this mode 

 

 
Fig.3.4(a) Current-flow path of the proposed converter in 

the step-up Mode 1. 

 

 
 

Mode 2: During the interval [t0, t1], S1 and S2 are turned 

off and S3 and S4 are turned on. As shown in Fig. 9, 

capacitor C is charged by the input source VL and the 

energy stored in inductor L2. Capacitor CH is also charged 

by the input source VL and the energy stored in inductor 

L1.  

 

 
Fig.3.4(b) Current-flow path of the proposed converter in 

the step-up Mode 2. 

Therefore, the voltages across the inductors can be written 

as: 

 

 
 

IV. SIMULATION ANALYSIS AND RESULT 

 

The closed loop simulation is done by two different 

methods for the generation of gate pulse is used. In the 

first method, feedback is fed from input side and the 

equations for the duty cycle is used to generate the gate 

pulse whereas in the second method a PI controller is used 

to control the switch. 

 

A. Step-up  converter mode 

        The simulation diagram of the converter in step up 

mode with feedback control is shown in fig 4.1 and fig 4.2 

shows the feedback control. The fig 4.3 shows the 

simulation diagram of the converter with PI controller and 

fig 4.4 the controller as sub system corresponding 

simulation results are shown by fig 4.5, fig 4.6 and fig 4.7. 

The simulation analysis of the proposed converter in step-

up mode is carried out on the basis of the following 

assumptions: 

 

1) Input voltage (Vin) = 25V 

2) Output voltage (Vo)= 250V 

3) Switching frequency(fs) = 30KHz 

4) Duty ratio(D) =67%  

 

 
Fig.4.1.closed loop simulation diagram for step-up 

converter mode feedback from input 

 

 
Fig.4.2 Sub system simulation diagram for step-up 

converter mode feedback from input 

(5) 

(6) 

 

(7) 

(8) 
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Fig.4.3.Closed loop simulation diagram for step-up 

converter mode feedback from output 

 

 
Fig.4.4.Sub system simulation diagram for step-up 

converter mode feedback from output 

 

 
Fig.4.5 Generation of gate pulse in closed loop simulation 

 

 
Fig.4.6.Voltage stress across four switches in step-up 

converter mode 

 
Fig.4.7.Simulation Results for step-up converter mode 

 

B. Step-down converter mode 

The simulation diagram of the converter in step down 

mode with feedback control is shown in fig 4.8 and fig 4.9 

shows the feedback control and the corresponding 

simulation results are shown by fig 4.10, fig and fig 4 The 

simulation analysis of the proposed converter in step-up 

mode is carried out on the basis of the following 

assumptions: 

 

1) Input voltage (Vin) = 250V 

2) Output voltage (Vo)= 60V 

3) Switching frequency(fs) = 30KHz 

4) Duty ratio(D) =67%  

 

 
Fig.4.8. Closed loop simulation diagram for step-down 

converter mode using feedback control 

 

 
Fig.4.9.Sub system simulation diagram for step-down 

converter mode 
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Fig.4.10 Generation of gate pulse in closed loop 

simulation 

 

 
Fig.4.11.Simulation Results for step-down converter mode 

 

The simulation is done for both the step-up as well as step-

down modes of the proposed converteris shown in this 

section. 

 

V.CONCLUSION 

 

In this paper, a non-isolated bidirectional dc-dc converter 

with large voltage gain is analyzed. The proposed 

converter consists of four switches, two inductors and a 

capacitor. The voltage gain of the proposed converter in 

both step-down and step-up modes is more proper than the 

conventional bidirectional buck/boost converter. Besides, 

the input current is divided to the inductors. The steady-

state analysis of the proposed converter is discussed 

thoroughly in this paper. In order to prove the feasibility of 

the presented converter, the proposed converter is 

simulated using MATLAB Simulink with the high and 

low side voltages 25 and 2.5, respectively. The effect of 

synchronous rectification is also verified. 
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