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Abstract 
 

Bidirectional dc-dc converters are used lots of industrial areas such as electric vehicles, uninterruptable power 

supplies, fuel cells, solar panel cells as energy sources are searched in order to improve the quality of power at 

the transmission, distribution lines and other areas. The main contribution of this paper, applying the most 

common used control method on single phase isolated bidirectional full bridge dc-dc converter and comparing 

this control method (Extended Phase Shift – EPS) on efficiency way by with/without using snubber capacitors. 

In this paper, Isolated Bidirectional DC-DC Converter topology is modelled and controller algorithm is written 

by FORTRAN programming language. According to the results, it is observed that efficiency result of the 

converter, using snubber capacitors in the converter topology has higher performance than the snubberless 

system.  

 

1. Introduction  

 

In recent years, different types of power hybrid electric vehicles, uninterruptable power supplies, fuel cells, 

solar panel cells as energy sources are searched in order to improve the quality of power at the transmission and 

distribution lines and other areas and those systems’ devices have been developed day by day. In these systems, 

for maximum efficiency in cases of charge and discharge via bi-directional voltage system between storage 

elements and direct current way require independent power sources. That's why bidirectional dc-dc converters 

between different dc sources provide energy exchanging and control mechanisms. These restrictions on the 

systems reveal importance of energy efficiency [1]. Thus, researchers design lots of different topologies and 

control methods for improving the converter system in literature. 

 

Generally bi-directional dc-dc converters are isolated and non-isolated stand and they are divided into various 

topologies. Classification of DC-DC converters is shown in Figure 1. 

 
Figure 1. Classification of DC-DC Converters with Block Diagrams 
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In literature, different types of bidirectional isolated DC-DC converter topologies are studied by researchers. 

The most commonly used topology is full bridge, voltage source BDC topologies with high frequency isolation 

transformer [2][3]. This DC-DC converter provides zero voltage switching (ZVS) by using parasitic or external 

snubber capacitors to minimize losses. It can be used electric double layer capacitors and batteries. Thus, this 

topology usually preferred for various applications. Bidirectional isolated DC-DC converter based on a series 

resonant converter that has been considered as an interface between a low voltage bus (11-16 V) and a high 

voltage bus (220-447 V) in HEVs and EVs [4]. The drawback of the converter is that the series capacitor has to 

handle the full-load current, leading to increasing volume and cost. The current source (boost) full-bridge 

converter with an active-clamp snubber [5] and a passive clamp snubber [6] to fulfill high power, high current 

and a high voltage conversion ratio of a fuel-cell vehicle system. Moreover, the authors of [5] proposed the dc-

link inductor should be placed at the low voltage battery side to improve the battery charging efficiency and 

minimize the ripple current. But, the low voltage side of the converter suffer from high transient voltage that 

necessitates the active or passive clamping snubbers. 

 

In bidirectional DC-DC converter literature, lots of various control methods are tried for improving system 

efficiency. Generally, they use pulse width modulation (PWM) method and using control methods are single 

(traditional) phase shift (SPS) [7], extended phase shift (EPS) [8], dual phase shift (DPS) [9], triple phase shift 

(TPS) [10], PWM plus phase shift (PPS) [11], direct current slew rate control (DCSR) [12], sliding mode control 

(SMC) [13], phase-shifting shoot-through bivariate coordinated control (PSBCC) [14], etc… 

 

On account of the limitations between existing literatures, the purpose of this paper is the following; 

1) To improve the modelling of all system. 

2) To implement the EPS control method on the snubberless system. 

3) To implement the EPS control method on the system with snubber capacitors. 

4) To compare efficiencies of the converter with/without snubber capacitors. 

 

2. Modelling of Bidirectional DC-DC Converter  

 

Single-phase full-bridge bidirectional isolated buck-boost DC-DC converter topology (Figure 2) contains high 

frequency isolated transformer in order to provide smooth current flowing and the transformer is generally used 

1:1. Therefore, 1:1 isolated transformer is used at this study. Totally 8 IGBTs are triggered by cosine signals. 

These signals can be different (1 or 0) according to control method algorithm that is created to fulfill the working 

necessities. Moreover, conditions of switches are represented by power flow ways. For PF1: A1 and B2 are ON, 

A2 and B1 are OFF. For PF2: A1 and B2 are OFF, A2 and B1 are ON. R1=R2=20ohm. In this paper, effect of 

snubber capacitors is investigated at the system by using EPS control method for buck and boost modes of the 

converter. The effect of the snubber capacitors decrease switching losses. Thus, performance value of the system 

is improved when the snubber capacitors are used in the BDC topology. 
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Figure 2. Circuit Topology of Single-Phase Full-Bridge Bidirectional Isolated Buck-Boost DC-DC Converter 

Moreover, two inductors and two dc link capacitors are used at this circuit topology. Describing of inductors 

and capacitors is calculated as the below equations. 

 

2.1. Inductance Calculation 

 

The inductor design has a significant impact on a system performance, such as realization of complementary 

control ZVRT (Zero Voltage Resonant Transition) soft switching, device switching loss, system volume, 

inductor power loss, etc… It is necessary to optimize the inductance with all the design considerations. 

The relationship between inductor peak current Ipeak, minimum current Imin, and inductor RMS current IRMS can 

be expressed in (1)-(5), where Ts is the switching period, ILoad is load current, P is the load power and ∆I is the 

inductor current ripple. 
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There is a formula that is used in [15] for calculating input and output inductors with phase-shift angle. 
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Where; V1 and V2 are input and output voltages while considering buck and boost modes, N is high frequency 

transformer turn ratio, L is sum of the transformer leakage inductance and auxiliary inductor, δ is a phase shift 

angle and finally w is equal to 2πf. 

Using the below equation for calculating inductors at buck and boost modes; 
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2.2. DC Link Capacitors Calculation 

 

Firstly, the basic capacitor equation which is known. Capacitor current, ic can be expressed as capacitor value, 

C times derivative of the voltage across this capacitor, Vcap. 

dt

dV
Ci

cap

cap   (8) 

Extracting the capacitance C can be calculated as; 

cap

cap

dV

dti
C   (9) 

 

At equation (9) dVcap is voltage ripple across the capacitor and it is known for a design. Generally, small 

capacitor values give rise to bigger voltage ripple and this bigger voltage ripples cause to transfer more 

harmonics at the ac side load. Therefore, both small capacitor and low harmonics to the load are necessary. 

Obviously, a contradiction occurs and designers should consider this condition. 

However, the ripple voltage of the converter is generally determined and equations (10) and (11) can be used 

for buck and boost modes in order to calculate input and output capacitors. In this way, creating of two capacitor 

values is possible if it is used C1=Cinput, C2=Coutput for buck mode and C1=Coutput, C2=Cinput for boost mode.  

 

Input capacitor (Cinput) and output capacitors (Coutput) are calculated as; 

o
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2.3. Effect of Snubber Capacitors 

 

Generally, larger capacitances cause to reduce turn-off losses, but it should reduce turn-on losses too. The 

present aim is reducing the total of turn-off and turn-on losses. The snubber design can be simply done with 

energy equation that is charge balance of Cv2 and 1/2Li2 shown at (12) [16]. 

 

22

2

1
iLvC   (12) 

Here v is capacitor voltage and i is inductor current. 

 

This calculation can be done for small capacitance values or total elimination of snubber capacitors, which is 

good for power MOSFETs. But this charge balance is insufficient to minimize the switching loss for significant 

IGBT tail current. For this case, an experimental research was made to determine better snubber capacitors at 

turn-on and turn-off losses under hard and soft switching conditions [16]. 
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In this study, five cases were tested experimentally for snubber capacitor optimization. 0.14μF, 0.1μF, 0.068μF, 

0.033μF and 0F capacitors were tried. The prototype with 0.068μF gave the best efficiency result. Figure 3 

shows turn-on and turn-off energy vs. current with various capacitance values [16].  

 
                         (a)                                                   (b)  

Figure 3. Turn-on and turn-off energy vs. current with various capacitance values 

(a) Turn-on energy vs. current 

(b) Turn-off energy vs. current          

 

According to the above graphics, using the most efficient snubber capacitor (0.068μF) affects 50% of the system 

performance. Therefore, if it is wanted to compare different phase shift control methods on efficiency, nonuse 

of snubber capacitors will be given better results at turn-off condition. In this way, this study measures 

efficiencies with or without using snubber capacitors. 

 

3. Extended Phase Shift Control Method  

 

In literature EPS control method is rarely used but more efficient than than single (traditional) phase shift control 

(SPS) and it is more applicable than dual phase shift control (DPS). Thus, EPS control is implemented for this 

system due to more feasible and provide high performance values. These researchers [8], [17], [18] used EPS 

control method in their studies. 

EPS control method is operated by creating phase shift angles between Stage A and Stage B of the DC-DC 

converter in Figure 2.  Moreover, one more phase shift angle should be defined between the one of the full 

bridges. It can be changeable to rectifier or inverter side. In short, there are two phase shift angles and first angle 

represents between of the S type IGBTs and Q type IGBTs. The other one can be represented between of the 

S1-S2 leg and S3-S4 leg or Q1-Q2 leg and Q3-Q4 leg. In this way, IGBTs are triggered with 1 or 0. Triggering 

signals are shown at Figure 4 and switching states (direction of current against minor time intervals) are 

demonstrated at Figure 5. 
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Figure 4. Triggering gate signals of EPS control method 

 

The switching cycle can be broken into 8 main intervals and operation modes are explained below the Figure 5 

that shows switching states of EPS control. 
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(a) Mode 1 
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(c) Mode 3 
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(d) Mode 4 
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(f) Mode 6 
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(g) Mode 7 
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Figure 5. EPS Switching States Current Diagrams for Buck-Boost Modes [17] 

 

These switching conditions are investigated for each time intervals and iL1 is calculated for them as shown 

below; 

1) Mode 1 (t0 - t1): 

)()()( 0

1

2
011 tt

L

nV
titi LL   (13) 

2) Mode 2 (t1 – t1’): 

)()()( 1

1

21
111 tt

L

nVV
titi LL 


   (14) 

3) Mode 3 (t1’ – t2): 

)()()( 1

1

21
111 tt

L

nVV
titi LL 


  (15) 

4) Mode 4 (t2 – t3): 

)()()( 2

1

21
211 tt

L

nVV
titi LL 


  (16) 

5) Mode 5 (t3 – t4): 

)()()( 3

1

2
311 tt

L

nV
titi LL 


  (17) 

6) Mode 6 (t4 – t4’): 

)()()( 4

1

21
411 tt

L

nVV
titi LL 


  (18) 

7) Mode 7 (t4’ – t5): 

)()()( 3

1

2
311 tt

L

nV
titi LL 


  (19) 

http://www.ijier.net/


Online-ISSN 2411-2933, Print-ISSN 2411-3123                                                                                           December 2015 

International Educative Research Foundation and Publisher © 2015              pg. 24 

8) Mode 8 (t4’ – t5): 
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.4. Simulation Cases and Results  

 

Simulations are examined for the Table 1. Cases are changeable according to power flow way, buck-boost 

modes and parameters of circuit components. Representation of the measured values of the converter are defined 

in Figure 6. 

 

Table 1. Cases of BDC with EPS Control Simulation; PF1: Power Flow 1, PF2: Power Flow 2 

Converter Parameters V1 V2 C1 C2 L1 L2 n f 

PF1 Buck Case1 200V 160V 56mF 144mF 18μH 12μH 1:1 20kHz 

PF2 Boost Case2 160V 100V 56mF 144mF 18μH 12μH 1:1 20kHz 
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Figure 6. Measured values on the converter topology. 

 

4.1. Simulation Results of Case 1 
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Figure 7. DC Link Voltages 
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Figure 8. Voltage and Current Waveforms of Buck Mode at EPS Control 
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Figure 9. DC-Link Input and Output Currents 
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Figure 10. Input and Output Power Waveforms 

 

4.2. Simulation Results of Case 2 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 

-0.050 

0.000 

0.050 

0.100 

0.150 

0.200 
Vdc2 Vdc1

 
Figure 11. DC Link Voltages 
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Figure 12. Voltage and Current Waveforms of Boost Mode at EPS Control 
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Figure 13. DC-Link Input and Output Currents 
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Figure 14. Input and Output Power Waveforms 
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All simulations 20Ω load resistance is used for both power flows. In Figure 7 and 11, DC-Link voltages of the 

BDC converter are given with settling time of the output voltage V2. Voltage and current waveforms are 

triangular signals that provide easily observation of input and output transformer voltage waveforms. 

Especially, (Vtrs=Vtra+VL1) this equation provides to make better comments about the Figure 8 and 12. 

Waveform of DC-link input and output currents are similar to input and output voltage waveforms of the 

converter at Figures 9-10-13-14. Additionally, these simulations are operated by same converter parameters 

with using 0.068μF snubber capacitors which are parallel connected to each IGBT and diode pairs. In this way, 

efficiency values of the converter are calculated for both snubberless and snubberly system by using the below 

equation.   

100100
)(








in

totallossin

in

outinin

P

PP

P

PPP
  

(21) 

 

5. Conclusion 

 

Simulations are applied in PSCAD/EMTDC and voltage-current waveforms are validated with theoretical 

analysis. Firstly, this customization works begining with finding of common used bidirectional DC-DC 

converter topology and control method. Secondly, calculation of converter parameters (capacitors, inductors, 

transformer windings) and calculation of phase shift angles for EPS control method are confirmed. Thirdly, 

simulations are operated and their results are compared with literature results. Therefore, simulation results are 

validated with theoretical analysis. Finally, power losses are calculated for EPS control method by benefiting 

from simulation results and efficiencies are obtained by using or without using snubber capacitors. Table 2 

shows efficiency results of the BDC converter. 

 

Table 2. Comparison of Efficiencies with/without using snubber capacitors at EPS Control.  

 
Power 

Flow 

Operating 

Modes 
Cases V1-V2 fsw EPS 

Snubberless 

1 Buck Case 1 
200V-

160V 
20kHz 78.5% 

2 Boost Case 2 
100V-

160V 
20kHz 61.2% 

Using 

Snubbers 

1 Buck Case 1 
200V-

160V 
20kHz 97.9% 

2 Boost Case 2 
100V-

160V 
20kHz 97.6% 

 

Consequently, EPS control method is compared without using snubber capacitors by decreasing costs, while 

the rate of input and output voltages are not high and it is found that EPS can be preferred instead of DPS. EPS 

has more advantage than SPS and DPS in both feasibility way and mathematical complexity. In this way, the 

efficiency analysis of EPS control on the BDC topology with/without using snubber capacitors Thus, this 

condition emphasizes importance of the study.  
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