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 The research work proposes a Gallium Nitride (GaN) based dual active 

bridge (DAB) converter for electric vehicle (EV) charging applications. The 

wide bandgap semiconductor device, GaN is implemented in the DAB 

topology of an Isolated Bidirectional DC-DC converter (IBDC). GaN-based 

DC-DC converters lead to higher efficiency, smaller size, faster charging, 

and reduced heat generation improving the overall performance of the EV 

charging system. The performance characteristics of GaN based DAB 

converter is analyzed both in simulation and hardware for EV charging 

application. The same analysis is extended to a Si based DAB converter and 

comparative results are presented. A 14.25 kW GaN based DAB and  

10.5 kW Si based DAB is designed and evaluated using LTspice XVII 

software and a scaled-down prototype of 0.612 kW GaN based DAB and 

0.25 kW Si based DAB is presented for experimental validation. Result 

analysis under similar operating conditions indicated an improvement of 

36% more output power transfer on the GaN based DAB over the traditional 

Si based DAB. The developed prototype showcased improved levels of 

power, voltage, and current under same operating conditions. The power 

transmission in the developed DAB based IBDC topology is controlled using 

the Single-Phase-Shift (SPS) control strategy. 
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1. INTRODUCTION 

Wide bandgap semiconductors, such as silicon carbide (SiC) and gallium nitride (GaN), have 

ushered in a transformative era in power electronics. These materials exhibit remarkable electrical properties 

that enable more efficient and high-performance electronic devices. In power electronics, SiC and GaN 

devices are replacing traditional silicon-based components due to their ability to handle higher voltages and 

temperatures while minimizing energy losses [1], [2]. This shift has revolutionized industries like electric 

vehicles, renewable energy, and data centers. With reduced size, weight, and heat generation, wide bandgap 

semiconductors not only increase energy efficiency but also enhance system reliability, ultimately paving the 

way for a greener and more electrified future [3]–[5]. In the electric vehicle industry, the preference for GaN 

devices over Si (silicon) is gaining momentum. GaN offers notable advantages, including higher power 

density, lower costs, and enhanced efficiency, making it a compelling choice for EV applications. This shift 

underscores GaN's pivotal role in advancing electric mobility [6].  

The isolated bidirectional DC-DC converter (IBDC) stands as a widely adopted topology for EV 

charging applications [7]–[9] presented in Figure 1. Figures 1(a)-1(d) represent the various isolated 

bidirectional topologies of DC-DC converter for EV charging with different configurations of inductor (L) 
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and capacitor (C). Progress in semiconductor materials and high-frequency power conversion systems (HF 

PCSs) has enabled IBDCs to eliminate losses associated with traditional Si-based switches and the need for 

large, heavy LF transformers [10]–[12]. Among all the four topologies presented in Figure 1, the eight-switch 

dual active bridge (DAB) presented in Figure 1(b) is the most common IBDC topology for the EV charging 

system [13]–[17].  

 

 

 
(a) 

 
(b) 

  

 
(c) 

 
(d) 

 

Figure 1. Isolated Bidirectional DC-DC (IBDC) topologies (a) Single-phase LLC, (b) Single-phase phase-

shifted DAB, (c) Single-phase CLLC, and (d) Three-phase CLLC [17]. 

 

 

Si-based DAB converters have been widely adopted due to their mature technology, high voltage 

ratings, and well-established reliability. GaN-based DAB converters have gained significant attention in 

recent years due to their superior characteristics, including high switching speeds, low conduction losses, and 

high-power density [18]–[20]. This research paper aims to develop a GaN based DAB converter for EV 

charging applications. To confirm the functionality of the developed GaN based DAB converter, the 

simulation design is done using LTspice XVII software. Subsequently, a scaled-down prototype of 0.612 kW 

GaN based DAB is presented for an EV charging application to validate the proposed simulation model. The 

same analysis is extended to 0.25 kW prototype of Si based DAB for comparative analysis. The single-phase-

shift control strategy is deployed for controlling power transmission in both converters. The research work in 

detail is arranged as follows. Section 2 proposes the developed DAB converters. Section 3 presents the 

results of simulation and experimental analysis. Section 4 concludes the paper. 

 

 

2. PROPOSED GaN BASED DAB CONVERTER 

This section presents the developed DAB converters with both GaN and Silicon semiconductor 

devices. The working principle of IBDC based DAB topology is also discussed in this section. The developed 

DAB converters are shown in Figures 2 and 3 by utilizing GaN and Silicon devices respectively. The primal 

contributions of the developed GaN based DAB are (i) high power operation, (ii) high efficiency as 

compared to conventional Si based DAB, and (iii) lower switching losses.  

The input port is supplied via a DC-link voltage up to 600 V and the output port is designated to 

provide EV charging. Both the ports are coupled by a two-winding high frequency transformer (HFT). Each 

switch, S1-S8 has anti parallel diode, D1-D8 along with snubber capacitor, C1-C8 as shown in Figures 2 and 3 

to aid in achieving zero voltage switching of the device [13], [21], [22]. The output port has a series inductor 

Ls. The primary winding turn is considered as unity, and the secondary is considered as N for the 2-winding 

HFT. The voltage at the primary of HFT is Vpy and the secondary of HFT is Vsy with iLs as the inductor 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Performance analysis of GaN based dual active bridge converter for electric vehicle … (Snehalika) 

55 

current flowing in inductor, Ls. The DC-link voltage and input side current are Vin and Iin respectively. The 

parameters of the output port are output voltage and output current represented as Vo, and Io respectively.  
 

 

 
 

Figure 2. Circuit diagram of GaN-based DAB 

 

 

 
 

Figure 3. Circuit diagram of Si-based DAB 

 

 

2.1.  Working principle of DAB 

The four modes of operation of the DAB converter indicating conducting switches are presented in 

Figure 4 as Mode I in Figure 4(a), Mode II in Figure 4(b), Mode III in Figure 4(c), and Mode IV in  

Figure 4(d). The theoretical waveform, Vpy, Vsy and iLs of the DAB operating in Buck mode is presented in 

Figure 5. 

Using (1), the voltage across the series inductor is given by the following expression [14]. 

 

vLs = LS. d.
iLs

dt
 (1) 

 

Where vLs and, iLs represent voltages and currents across the series inductor Ls. The current flowing in the 

inductor at time intervals t1 and t2 can be given by I(0)and I(d) respectively where d is the phase-shift value. 

Both the current expression for I(0)and I(d) is provided in (2) and (3) respectively [14]. Mode I indicated in 

Figure 4(a) starts from t1 as iLs increase from I(0). 

 

I(0) = TS.
[N.Vin+(2d−1)Vo]

4LS
 (2) 

 

I(d) = TS.
[N.Vin.(2d−1)+Vo]

4LS
 (3) 

 

Where TS defines one time period. The different voltage levels obtained at primary and secondary of HFT 

and the status of conducting switches for all modes presented in Figure 4 are tabulated in Table 1. In solving 

(2) and (3), the output current for the output port is computed as (4). 

 

Io =
N.Vin.(d−d2)

2LS.f
     (4) 

 

The output current Io directly depends on the value of phase-shift, turns-ratio, and input DC-link voltage and 

inversely varies with series inductance value and switching frequency. The voltage gain, g of the developed 
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DAB converter is designed to be unity using (5). The unity gain aids in achieving a full range of zero voltage 

switching (ZVS) operations [21], [22]. The DAB based IBDC topology has an inherent soft-switching 

capability. The series inductor values for the DAB converters can be computed considering (6) and is 

presented below [10]. 

 

g =
Vo

N.Vin
  (5) 

 

LS ≥
N.Vin.TS

2.Io
(d − d2)  (6) 

 

The values of LS considering the maximum value of d as 0.5 are computed to be 17.38 μH for GaN based 

DAB and 9 μH for the Si based DAB respectively. 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

Figure 4. Four modes of operation of the DAB converter: (a) Mode I, (b) Mode II, (c) Mode III, and  

(d) Mode IV 
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Figure 5. Operating waveform of DAB converter in Buck mode [13] 

 

 

Table 1. Conduction status of switches S1-S8 in different modes 

Ports/voltage level 
Mode 

I II III IV 

Input port S1, S4 S1, S4 S2, S3 S2, S3 

Output port   S6, S7 S5, S8 S5, S8 S6, S7 
Vpy +Vin +Vin -Vin -Vin 

Vsy -Vo +Vo +Vo -Vo 

 

 

2.2.  Switching control strategy 

The control strategy utilized for power transfer and control in the developed converter is the single-

phase-shift (SPS) [23]. The SPS control method, which is depicted in Figure 5, is the most used control 

strategy for IBDC based DAB topology [24]–[26]. For the switches S1-S8 shown in Figures 2 and 3, PWM 

switching pulses are generated with a 50% duty ratio and at a constant operating frequency. The phase-shift 

value, d is varied to control the direction and magnitude of power flow between the input and output ports. 

The popularity of SPS control has been enhanced due to its simplicity in implementing the soft-switching 

control.  

 

 
3. RESULTS AND DISCUSSION 

3.1.  Simulation results 

The LTspice XVII simulation tool is used for validation of the designed GaN based DAB and Si 

based DAB converters. The converters are operated with a fixed duty ratio of 0.5 and different phase-shift 

values of 0.1, 0.167, 0.25, 0.33, and 0.4 for detailed analysis of output load parameters. This analysis is also 

extended over the Si based DAB for comparative analysis. The designed DAB converter parameters for a 

phase-shift value of 0.4 are listed in Table 2.  

Figure 6 and Figure 7 present the simulation results at a phase-shift value of 0.4 for the GaN based 

DAB and Si based DAB converter respectively. The voltage at primary, Vpy, and secondary, Vsy of the HFT, 

along with current, iLs through the series inductor presented in Figure 6(a) for the GaN based DAB. The 

output voltage, Vo and output current Io, for the GaN based DAB converter is showcased in Figure 6(b) and 

Figure 6(c) indicating constant values of 475 V and 30 A respectively.  
 

 

Table 2. Circuit Parameters for DAB converters 

Parameters Symbol 
Value 

GaN based Si based 

DC-link voltage (V) Vin 600 600 

Input current (A) (rms) Iin 14.011 15.021 
Load (Ω) R1 16.6 16.6 

Average Output voltage (V) Vo 475 420 

Average Output current (A) Io 30 25 
Output voltage ripple (V) ΔVo 0.91 0.7 

Inductor current ripple (A) ΔILout 0.025 0.04 

Output power (W) Po 14,250 10,500 
Frequency (kHz) fs 50 50 

Series inductor (µH) Ls 17.38 9 

Filter capacitor (µF) C1 470 470 

 

 

The primary winding voltage Vpy, and secondary winding voltage, Vsy of the HFT, along with 

current, iLs through the series inductor presented in Figure 7(a) for the Si based DAB. The output voltage, Vo 

and output current Io, for the Si based DAB converter is showcased in Figure 7(b) and Figure 7(c) indicating 
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values of 420 V and 25 A respectively. The input current, Iin of the DAB converters is also presented in 

Figure 6(c) and Figure 7(c). Under the same operating conditions, the GaN based DAB converter was able to 

generate a power output of 14.25 kW compared to 10.25 kW by the Si based DAB converter which indicates 

an improvement of 36% more power transfer by the GaN based DAB. 
 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 7. Simulation results for Si-based DAB: (a) voltages at the primary, Vpy and secondary, Vsy winding 

of HFT and current, iLs, (b) average output voltage, Vo, and (c) average output current, Io and input  

current, Iin. 
 

 

3.2.  Experimental results 

Using the developed simulation model, a prototype of a 0.612 kW GaN based DAB and 0.25 kW Si 

based DAB converter has been developed and built as shown in Figure 8 and Figure 9 respectively. The GaN 

and Silicon MOSFET switching devices are taken from the manufacturers, Nexperia [27] and International 

Rectifier [26] respectively for carrying out the experimental analysis. The converter parameters are calculated 

utilizing the steady-state model stated in (1) to (6) in Section 2.1. Table 3 presents the parameters of the built 

prototype.  
 

 

Table 3. Parameters for DAB prototype 

Parameters  Symbol 
Value 

GaN Si-MOSFET 

Input DC-link voltage (V) Vin 230 230 

Average output voltage (V) Vo 70 50 

Average output current (A) Io 8.75 5 

Output power (W) Po  612 250 

Series inductor (μH) Ls 60 45 

Turns-ratio 1/N 1:0.3 1:0.3 
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Figure 8. Prototype of 0.612 kW GaN based DAB converter 
 

 

 
 

Figure 9. Prototype of 0.25 kW Si based DAB converter  

 

 

The prototype model is supplied from a 3-phase rectifier operating with a maximum input voltage of 

230 V to produce an output voltage and currents of 70 V, 8.75 A, and 50 V, 5 A at the output ports of the 

GaN based DAB and Si based DAB converter respectively. Figure 10 showcases the designed prototype of 

HFT. The HFT turn ratio, 1: N is designed for a maximum input voltage of 230 V, as 1:0.3.  

The PWM pulses for switches S1-S8 are generated from a TMS320F28379D DSP processor. The 

recorded 50 kHz PWM pulses for switches S1-S4 of the primary bridge of DAB are presented in Figure 11. 

Figure 12 represents the phase-shifted 50 kHz PWM pulses with phase-shift introduced between switches of 

primary and secondary bridge of HFT. A same phase-shift value of 0.4 is introduced between switches S1 

and S5 and S2 and S6 as shown in Figure 12. The experimental results for the developed GaN based DAB 

and Si based DAB are presented in Figure 13 and Figure 14 respectively. Figure 13 depicts the primary and 

secondary HFT voltage, Vpy and, Vsy, load voltage, Vo of 70 V, and load current, Io of 8.75A at the GaN 

based DAB converter in respect to the simulation results presented in Figure 6. Figure 14 depicts the primary 

and secondary HFT voltage, Vpy and, Vsy, load voltage, Vo of 50 V and load current, and load current, Io of 

5A at the Si based DAB converter in respect to the simulation results presented in Figure 7.  
 

 

 
 

Figure 10. Designed prototype of high frequency transformer (HFT) 
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Figure 11. Switching pulses to switches, S1, S2, S3, 

and S4 of primary bridge 

 

Figure 12. phase-shift value of 0.4 provided between 

switches S1, S5 and switches S2, S6 

 

 

  

  

Figure 13. GaN based DAB: Vpy, primary bridge and 

Vsy, secondary bridge voltage, load voltage, Vo of 70 

V and load current, Io of 8.75A 

Figure 14. Si based DAB: Vpy, primary bridge and 

Vsy, secondary bridge voltage, load voltage, Vo of 50 

V and load current, Io of 5 A 

 

 

4. CONCLUSION  

The performance characteristics of Gallium Nitride (GaN) based DAB and Si based DAB are 

examined on parameters of power transfer, voltage and current ratings. Simulation analysis with a DC-link 

voltage of 600 V is performed using LTspice XVII software for the GaN based DAB and Si based DAB 

converters with similar device rating of 650 V. The simulation analysis focused on evaluating the 

performance of both converters at a switching frequency of 50 kHz under the same operating conditions. The 

obtained results indicated an improvement of 36% more output power transfer on the GaN based DAB over 

the traditional Si based DAB. The obtained voltage levels at a phase-shift value of 0.4 were 475 V, and 420 

V and the obtained current levels were 30 A, and 25 A respectively at the GaN based DAB and Si based 

DAB respectively. The total power output obtained is 14.25 kW and 10.5 kW on the GaN based and Si based 

DAB converters respectively. The experimental validation is carried out with a scaled-down prototype of 

0.612 kW GaN based DAB and 0.25 kW Si based DAB converter. The prototype model of GaN based DAB 

achieved output voltage and current levels of 70 V, 8.75 A generating a total power of 0.612 kW. The 

prototype model of Si based DAB achieved output voltage, and current levels of 50 V, 5 A generating power 

of 0.250 kW. It is observed that the GaN based DAB outperforms the Si based DAB in terms of power 

transfer, output voltage, and current levels indicating GaN based devices are a better choice for EV 

applications. The SPS control strategy is utilized for controlling the power of developed converters. 
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