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Abstract 
This paper proposes the design and implementation of a high power full bridge bidirectional isolated 
DC-DC converter (BIDC) which comprises of two symmetrical voltage source converters and a high 
frequency transformer. In the proposed BIDC, a well-known PI controller based single phase-shift (SPS) 
modulation technique is used in order to achieve high power transfer. Besides, different phase shift 
methods such as extended phase-shift (EPS) and double phase-shift (DPS) are compared with SPS. Both 
simulation and experimental results are caried out to verify PI controller based simple phase-shift 
controlled BIDC prototype that is designed for 300-V 2.4-kW and operating at 20 kHz. 

Introduction 
Bidirectional isolated DC-DC converters (BIDC) have recently received a lot of attention due to the 
increasing need for systems with the capability of bidirectional energy transfer between two DC buses. 
Apart from traditional application in dc motor drives, new applications of  BIDC include energy storage 
in renewable energy systems, fuel cell energy systems, custom power devices, hybrid electric vehicles 
(HEV) and uninterruptible power supplies (UPS) [1]. A main motivation is to replace line-frequency 
transformers with high-frequency transformers, in which galvanic isolation is indispensable between the 
two sets of dc terminals [2].  
 
Various BIDC topologies have been proposed except from full bridge as reviewed in [3] such as dual 
flyback [4, 5], dual-Cuk [6] Zeta Sepic [7], forward-flyback [8], dual push-pull [9], push-pull-forward 
[10], push-pull-flyback [11] and dual half bridge [12].  
 



In this paper, full-bridge phase shifted converters are preferred in the proposed BIDC topology because 
of their high power handling capability as it is stated in [13]. The full-bridge BIDC is designed, 
constructed and tested for bidirectional power transfer capability within a 300-V 2.4-kW laboratory 
system that satisfies the effectiveness of the con guration. The experimental results show that the dc 
capacitors in both sides can be charged from zero to the rated voltages without any external precharging 
or starting-up circuit.  
 
The rest of this paper is organized as follows: System description and power circuit topology of the 
proposed BIDC system is presented in Section 2. The phase shift control strategy is introduced in Section 
3. Simulation and experimental results are provided in Section 4 and 5 respectively. Conclusions of the 
study are given in Section 6. 

Proposed BIDC System 
The proposed BIDC system, which composes two symmetrical single phase full bridge voltage source 
converters (VSCs), two dc capacitors (Cdc1 and Cdc2), auxilary reactors (Ldc1 and Ldc2) and an high 
frequency (HF) transformer, is illustrated in Fig. 1. The HF transformer provides the required galvanic 
isolation and the auxiliary inductor serves as the instantaneous energy storage device. As it can be seen 
from Fig. 1, Vdc1 and Vdc2 are the DC voltages, D0-D7 are the antiparallel diodes of the main switching 
elements S0-S7 and n is the transformer turn ratio respectively. The BIDC has an optimal operating point 
where the voltage ratio between the high-voltage side and the low-voltage side is equal to the transformer 
turns ratio [14].  
 

 
 

Fig. 1: Full bridge bidirectional isolated dc-dc converter topology 

Phase Shift Controller 
The most widely used control method for the BIDC is single phase-shift (SPS) modulation in which 
high power transfer capability can be achieved [15]. Alternative phase shift techniques such as extended-
phase-shift (EPS), dual-phase-shift (DPS), triple-phase-shift (TPS) and some other modulation 
techniques such as the trapezoidal and the triangular that require complex computations were discussed 
in [3] and [16, 17] respectively. However, SPS is more advantageous in terms of small inertia, high 
dynamic and ease of realizing soft-switching control [3]. The main waveforms of the BIDC with SPS 
control is shown in Figure 2. The primary bridge (Voltage Source 1) is composed by S0, S1, S2 and S3 
while the secondary bridge (Voltage Source 2) is composed by Q0, Q1, Q2 and Q3 gate signals. The gate 
signals of S1-S2, S0-S3, Q1-Q2 and Q0-Q3 are identical square wave signals with 50% duty ratio [18].  



 

 
 

Fig. 2: Full bridge bidirectional isolated dc-dc converter topology 
 
The diagonal switching pairs in each converter are controlled with constant duty cycle 50% (ignoring 
the small dead time) and with 180 degrees phase shift between two legs to provide a nearly square wave 
ac voltage across transformer terminals (±v1 and ±v2) [1]. Considering the presence of auxilary reactors 
and the leakage inductance of the transformer, with a controlled and known value, the two square waves 
can be appropriately phase shifted to control the power flow from one dc-source to the other in order to 
achieve bidirectional power transfer [18]. The phase shift between two ac voltages, denoted by , is a 
significant parameter specifying the direction and amount of power transfer between dc buses.  
 
In order to transfer power from side “S” to side “Q”, the transformer secondary voltage “v2” should lead 
the transformer primary voltage “v1” and “ ” is considered as positive. On the contrary, the power 
transfer from side “Q” to side “S” may be possible when the transformer primary voltage “v1” leads the 
transformer secondary voltage “v2” where the phase shift angle “ ” is considered as negative. This 
leading or lagging phase shift is simply implemented by proper timing control of converter switches.  
 
The dc–dc converter allows bidirectional power transfer by means of controlling the phase-shift angle 
 [rad] between square voltages v1 and v2 as follows [15]; 
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where Vdc1 and Vdc2 are the two side DC link voltages, n is the transformer turn ratio,  is the angular 
switching frequency and Ls is the total inductance (37 μH) which is the sum of transformer leakage 
inductance (7μH) and auxilary inductances (Ldc1 = 12 μH and Ldc2 = 18μH). Ls is an important element 
that determines the maximum amount of transferable power with given switching frequency. Therefore, 
apart from other practical limitations, it is possible to reach a high power density converter with a low 
leakage transformer [1]. 

Simulation Results 
The proposed BIDC and its associated phase shift controller are tested and evaluated with simulation 
results obtained by using PSCAD/EMTDC with 1μs solution time step. Fig. 3 shows two different cases 
with respect to the phase shift angle being positive or negative. 
 



 
 

Fig. 3: Simulation results of BIDC operation 
 
As it can be seen from the Fig. 3, when Vdc1 is 150 V and with the positive 24o phase shift angle, Vdc2 
reaches to 246 V. With a negative 35o phase shift, Vdc1 reaches to 261 V where Vdc2 is supplied with 
constant 200 V. The maximum power transfer may be reached at | |=90 degrees. Thus, the converter 
full range of bidirectional power transfer can be gained by controlling phase shift in -90 to +90 range. 

Experimental Results 
In this section, the performance of the phase shift control and bidirectional power transfer capability of 
the proposed BIDC system is investigated with experimental results. Experimental studies of the 
proposed BIDC system is realized with laboratory prototype as shown in Fig. 4. The power circuit 
parameters of the proposed 300-V 2.4-kW BIDC are provided in Table 1.  
 

 
 

Fig. 4: Experimental prototype of 300-V 2.4-kW BIDC system 



The power circuit of the two voltage source converters are constructed with Semikron SKM100GB12T4 
Trench IGBT modules that are driven in 20kHz with Semikron SKYPER PRO 32 R drivers. The HF 
transformer is specially designed with a volume of 297 cm3 by using UU 93 ferrite core that offers high 
permeability at high frequencies. Besides, iron core auxilary reactors and Itelcond AYX-HR series DC 
capacitors are used in the power circuit of the BIDC System. In the electronic control system of 
laboratory prototype, 32-bit oating-point TMS320F28335 DSP based microcontroller is used as a 
digital controller of system whose sampling time is assigned 50μs. Voltage measurements are realized 
with LEM LV-25P voltage sensors and experimental waveforms are captured with Tektronix MSO3034 
oscilloscope.  
 

 
 

Fig. 5: Experimental Experimental implementation of control procedure 
 

Fig. 5 illustrates the implementation of control algorithm to maintain the DC link voltage (load side) 
constant at desired value with a proper phase shift angle obtained by PI controller against the variations 
of supply voltage.  
 

Table I: Power Circuit parameters of the proposed BIDC system 

Rated Power (PD) 2.4 kW 

DC Voltages (Vdc1, Vdc2) 260 V (Constant) 

100-300V (Variable) 

DC Capacitors (Cdc1, Cdc2) 2.2 mF 

Auxilary Reactors (Ldc1, Ldc2) 12 μH, 18 μH 

Snubber Capacitor (Cs) 100 nH 

HF Transformer Switching Frequency (fsw) 20 kHz 

HF Transformer Leakage Inductance (Ltr) 7μH (2 %) 



 
 

Fig. 6: Experimental waveforms for positive single phase-shift  
 
Fig. 6 presents the experimental waveforms when Vdc1 is 150 V while Vdc2 is 264 V at positive 18o phase 
shift angle that allows the power transfer PSQ = 2.4 kW. Here, “S” side dc link voltage Vdc1 is supplied 
with a constant 150 V and “Q” side dc link voltage Vdc2 is charged from zero volt up to 264 V without 
needing any external precharging or starting-up circuit. 
 

 
Fig. 7: Comparison of different phase-shift methods a) SPS b) EPS c) DPS 
 
In Fig. 7, extended phase-shift (EPS) and double phase-shift (DPS) methods which are typically 
improved methods of SPS are compared with each other experimentally. The main difference between 
SPS and the improved phase shift methods (EPS and DPS) is that there is not only the outer phase shift 
ratio as in SPS but also inner phase shift ratios which provide decreasing circulating power. Compared 



with SPS method; current stress can be reduced and the efficiency of the system can be improved by 
expanding the ZVS operation range with EPS and DPS methods. However, SPS method is a step ahead 
with allowing higher range of power transfer and ease of application. 

Conclusion 
This paper addresses the design and implementation of a high-frequency full bridge bidirectional 
isolated dc–dc converter intended for high-power applications. The proposed BIDC system, consists of 
two symmetrical single phase full bridge VSCs, two dc capacitors, auxilary reactors and an high 
frequency (HF) transformer that provides the required galvanic isolation. Various phase-shift (simple 
phase-shift, extended phase-shift and double phase-shift) methods are applied and compared with each 
other. In order to obtain high power transfer, the system control is realized with an effective PI based 
simple phase-shift controller. The performance of the proposed system and its controller are firstly 
evaulated with simulation results obtained by using PSCAD/EMTDC and then verified with 
experimental results taken from 300-V, 2.4-kW prototype that is established in the laboratory. 
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