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i. Abstract 
 

Dual Active Bridge (DAB) converters are widely used in EVs these days. 

However, the traditional DAB has disadvantages like limited soft-switching 

range and high currents under wide input voltages. This project 

incorporates the design of a Bidirectional DAB converter combined with the 

advantages of a Four-Switch Boost Converter (FSBB). Advantage of the 

constructed topology is partial sharing of one leg by the two converters, 

thus reducing the number of switches which further reduces switching and 

conduction losses. The Integrated Buck-Boost Dual Active Bridge 

(IBBDAB) converter uses Dual-Edge PWM and Single-Phase-Shift (DE-

SPS-PWM) modulation strategies for improved efficiency and high 

conversion ratio. For low-frequency applications, Zero Voltage Switching 

(ZVS) for the power switches is easily achieved by the topology. 
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1. INTRODUCTION 

 
Energy storage devices in EVs which usually consist of batteries and super-capacitors 

are required for charging and sometimes even reverse charging the DC Bus. However, 

these ESSs cannot be connected directly to the bus due to voltage mismatch. As 

solution of this problem, a DC-DC converter can be used in the system. Different types 

of DC-DC converters [1]–[4] are proposed by different researchers. But after 

comparing multiple characteristics it has been observed that the bidirectional 

converters with buck-boost capabilities become most suitable for such application. 

 

 

 

 

 

 

2. PROBLEM ANALYSIS 
 

Bidirectional converters can be primarily classified into isolated and non-isolated 

topologies. The isolated converters are preferred due to their galvanic isolation, high 

power density, high conversion ratio and high efficiency. Here comes in the DAB 

topology which has fewer passive components. However, the soft-switching range for 

DAB converters is very small considering a wide input-voltage condition. Also, under 

light loading, ZVS is difficult to achieve. For control strategies, dual-phase shift (DPS), 

triple phase-shift (TPS) and extended phase-shift (EPS) modulation techniques are 

incorporated but problem lies in their complicacy. The converter built in this project, 

combines the voltage regulation capability of a FSBB converter with the bidirectional 

flow characteristic of a DAB converter, that too with reduced number of switches [5]. 

Moreover, ZVS is easily achieved implementing the DE-SPS-PWM modulation 

strategy. 

  



 

3. LITERATURE SURVEY 

 
At present day, a huge variety of converter topologies have gained popularity and 

different modifications are continuously being made based on their construction or 

their modulation strategies and so on. Topology wise:  [6] drafts a comparison between 

resonant DC-DC converters that implement an LLC topology and DAB converters 

when utilized in high-step-conversion-ration applications. The DAB prototype 

achieves a greater peak efficiency and suffers less losses compared to the LLC 

prototype at full load condition; In [7], a comparison between multiple modular 

multilevel DC-DC converters and DAB converters for utilisation in power conversion 

in HVDC and MVDC. The MMDC and the DAB converters are thoroughly compared 

in terms of efficiency, count of semiconductor switches and cost of capacitive and 

magnetic components. It establishes that DAB converters are better than MMDC in 

many aspects; [8] compares a simple full-bridge forward converter with DAB 

converter and establishes that the former is better for the said purpose;  [9] compares a 

2-level PWM to 3-level PWM applicable to DAB converters. It establishes efficiency 

with two level PWM is higher than three level PWM in the light loads range; While, 

[10] is an instance where 2-level DAB are compared to multi-level DAB converters, 

although this project mainly focuses on a 2-level converter. It shows that for the same 

device-cost, the 2-level DAB outperforms the multi-level DAB, both from an 

efficiency as well as an operating junction temperature point of view. Therefore, this 

project is based on a 2-level topology. Phase-shifted control strategies are common for 

DAB converters. Here, the operation of one H-bridge is phase-shifted from the other. 

Single, double, triple, and extended phase shifts are common phase-shift models. In 

[11],  detailed comparisons on all different phase-shift modulation techniques 

implemented in DAB converters, including single, double, triple and extended phase 

shifts. They study and roughly conclude that EPS is the best strategy for control. 

Finally, in [12] the study on the estimation of power losses by a DAB converter is 

described and proposed possible ways to reduce the same. Based on the experiments 

performed, the estimated power loss is noticed about 4% higher than the measured loss. 

  



4. TOPOLOGY 

 
4.1 Description and Schematics of the IBBDAB Converter 

 
Fig. 1 shows the topology of a typical four-switch buck-boost (FSBB) converter, which 

is usually adopted under wide input voltage conditions with few components and high 

gain. Fig. 2 shows the topology of DAB converter. It has similar primary and secondary 

side full-bridges, a high frequency transformer, an energy transfer inductor, and DC-

link capacitors. It has the capability to achieve high conversion ratio and bidirectional 

power flow. Combining the FSBB converter and DAB converter, the IBBDAB 

converter is obtained, as shown in Fig. 3. The IBBDAB converter shares the boost leg 

of FSBB converter with first leg of the DAB converter reducing switches and losses. 

The IBBDAB converter includes ten switches (Q1-Q10), a high frequency transformer 

T, two inductors (L1, L2), three resistance-capacitors couples (RCin, RCo, RCm) and two 

voltage sources (Vin, Vo). Uc is the voltage across capacitor RCm. Uin is the voltage of 

input voltage source Vin. Uo is the voltage of output voltage source Vo. iL1 and iL2 are 

the currents through inductors L1 and L2 respectively. uab is the midpoint voltage of the 

primary H-bridge. ucd is the midpoint voltage of the secondary H-bridge. ic is the output 

current of FSBB converter. 

 

 

 
 

 

Fig 1: FSBB Converter 

 

 

 

 



 

 

 

Fig 2: DAB Converter 

 

 

 

 

Fig 3: Schematic of IBBDAB Converter 

 

  



4.2 Gain of the IBBDAB Converter 

 
The gain of FSBB converter is written as- 

 

       (1) 

 
where d1 and d2 are the duty cycle of Q1 and Q4. The gain of DAB converter is 

expressed as- 

 

       (2) 

 
where N is the turns ratio of transformer, n1 and n2 are the primary and secondary turns 

of transformer. 

Therefore, the gain of IBBDAB converter is obtained as- 

 

          (3) 

 

 

 

 
 

Fig 4: Converter Gain 

 

 



 

 

Supposing N=1, the voltage regulation capability of the IBBDAB converter can be 

achieved. The value of d1 is between 0.1 and 0.9. The value of d2 is between 0.1 and 

0.9. The value of M is between 0.11 and 9. Hence, the proposed converter is able to 

work in step-up or step-down, which makes the optimization of the DAB converter 

easier especially under wide input voltage. 

 

 

 

 

4.3 Modulation Strategy of the IBBDAB Converter 

 
Single-phase-shift (SPS) is a typical modulation strategy with simple control and 

convenient implementation, which has been widely used in DAB converter. Thanks for 

the voltage regulation capability of FSBB converter, the highvoltage side and the low-

voltage side of DAB converter can be easily matched. By adopting the SPS modulation 

strategy, the current stress of the DAB converter is greatly reduced and the soft-

switching range gets an obvious expansion. 

 

There are two common modulations for the FSBB converter: dual-edge modulation 

and constant-frequency zero-voltage-switching (CF-ZVS) modulation. CF-ZVS 

modulation needs to detect the zero-crossing point accurately and carefully config the 

value of the inductor. Besides, the soft-switching range is sensitive to the load. 

Compared with CF-ZVS modulation, dual-edge modulation is more convenient to 

implement and achieve high efficiency. This modulation can significantly reduce the 

ripple and root-meansquare values of inductor current. Therefore, this paper prefers the 

dual-edge PWM modulation for the FSBB converter. 

 

The dual-edge PWM plus SPS (DE-PWM-SPS), which consists of SPS and dual-edge 

modulation, is finally selected for IBBDAB converter. Dual-edge modulation is more 

convenient to implement and achieve high efficiency. This modulation can 

significantly reduce the ripple and root-mean-square values of inductor current. By 

adopting the SPS modulation strategy, the current stress of the DAB converter is 

greatly reduced and the soft-switching range gets an obvious expansion. For this 

project, the duty cycle of Q3 and Q4 is fixed at 0.5. Then, the gain M can be expressed 

as- 

                (4) 

 

  



 

 

 

 

4.4 Principle of Operation of the IBBDAB Converter 

 
d1 is the duty cycle of Q1 which can regulate the input voltage into a constant voltage. 

Φ is the phase shift between primary H-bridge and secondary H-bridge of DAB 

converter, which can be utilized to control the power flow in both directions. 

 

The IBBDAB converter can work in step-up or step-down modes. Combining the DE-

PWM-SPS modulation with the converter, the operating modes can be further 

explained in terms of the duty cycle of switch Q1. When the duty cycle of switch Q1, 

d1 > 0.5, the converter works in step-up mode. While, d1 < 0.5 makes the converter 

work in step-down mode. Fig-5 shows the switching strategies as implemented in the 

converter. 

 

Fig-5 shows the switching strategies of switches Q1 – Q10 during buck and boost modes 

respectively. 

 

 

 
 

(a) Boost Mode     (b) Buck Mode 

 

Fig 5: Switching Strategies of Q1 – Q10 

 

 

  



 

 

 

 

5. SIMULATION 
 

5.1 Simulation Diagram 
 
Fig. 6 shows the simulation diagram of the IBBDAB converter. It comprises of 10 

MOSFETs and a single high frequency isolation transformer along with filters at both, 

source, and load ends. The hardware construction of the traditional DAB is underway. 

Once functional, the 2 extra switches meant for the integrated buck-boost capability 

will be incorporated and their pulses configured. Q1 and Q2  have complementary 

operation. 

 

 

 

 

 
 

Fig 6: Simulation diagram of IBBDAB converter 

 

  



 

 

 

 

 

5.2 Component Details 

 
Table-1 mentions the specifications of all components used in the simulation circuit. 

Also, the safe operating frequency for achieving soft-switching is found to be up to 

10kHz. 

 The gate-drivers are built using FAN7392N ICs that have a characteristic, in-built, 

dead-time calculation, and incorporation feature. The switches that will be used in the 

hardware are IRF540 N-channel MOSFETs. The MOSFET drivers are designed to be 

a powered by a single 220V-15V-2A transformer which will have 5 tappings at its 

secondary, each of which while power one leg. 

 

 

Parameter Element Value 

Rated Input Voltage Uin 24V 

Rated Output Voltage 
Uo (peak) (boost) 48V 

Uo (peak) (buck) 5V 

Rated Power - 20W 

Inductance 
L1 400μH 

L2 400μH 

Capacitance 

Cin 300μF 

Cm 1000μF 

Co 1000μF 

Operating Frequency fs 10kHz 

Table 1. Component Details 

 

 

 

 

 

 



6. HARDWARE MODEL 

 
The hardware model of the IBBDAB converter consists of 3 major parts, viz., the gate 

drivers for the converter switches which make up the control circuit, the converter 

itself, constituting the power circuit and the central isolating transformer. 

 

i. IBBDAB Converter- The analysis of the converter using simulation has 

been fully achieved. However, due to component unavailability and funding 

issues, the full-fledged working prototype of the converter has not yet been 

completed. The feasible part of the converter is built using IRF540N N-

channel MOSFETs. The inductors, L1 and L2, have been designed. Input, 

middle and output filters as well as the snubber circuits are yet to be realized 

in hardware. The isolation transformer must be a customised 1:3 ratio 

transformer with calculated core. 

 

 

ii. Power Supply- The Drain and Source of two corresponding MOSFETs of 

each leg are connected to the DC voltage that is to be manipulated, stepped 

up or down. In prototype, this power source is realized in a single 220V-24V-

5A transformer, which, through the converter, can drive a load of 30W. The 

terminals of the transformer are further connected to a rectifier circuit that 

converts the 24V AC into DC. This DC voltage is further regulated using a 

dedicated voltage regulator IC and an RC filter before finally supplying it to 

the converter. 

  



 

iii. Gate Drivers- The gate drivers are designed using FAN7392N ICs which 

work like any other typical drivers like the IR2110 or the DGD0506, but 

incorporate an extra dead-time calculation and application feature without 

further complication of the circuit. 

 

(a) These 5 driver ICs will require a power supply of 5V at their VDD (9) pin 

to power up. 

(b) To supply the MOSFETs, the ICs are also to be powered at their VCC pin 

(3). This will be provided using a single 220V-12V-2A transformer whose 

secondary will be tapped to give 5 isolated outputs, one for each driver. 

(c) The brain of the circuit lies in an STM-32 G474 development board which 

is coded accordingly to output 10 sets of Dual-Edge Single-Phase-Shifted 

PWM, viz., 5 signals in pairs of complements. 

(d) Each pair of complementary PWM is supplied to the HIN and LIN pins 

of the FAN7392N IC respectively. 

(e) The FAN IC drives the gate of the MOSFETs to output said amount of 

voltage as stated by the PWM signal. 

 

 

 
 

Fig- MOSFET Gate Driver using 

FAN7392 (centre IC) 

  



 

7. OBSERVATIONS AND RESULTS 

 
The simulation was run in buck and boost modes. Fig. 7 shows the output parameters 

and switch parameters of the IBBDAB in boost mode, while Fig. 8 shows the same for 

buck mode. In both cases, the input voltage is taken to be 24V. In boost mode, a peak 

output voltage of 48V with a current of 0.9A is observed as shown in Fig. 7(a). 

Similarly, in buck mode, a peak voltage of 15V along with peak current of 0.32A is 

observed as shown in the Fig. 8(a). The soft-switching of the DAB converter switches 

are also established in the Fig. 7(b) and Fig. 8(b). So, reduction of switching loss is 

sucessfully achieved. 
 

 
(a) 

 
 

(b)

Fig 7: Boost Mode: (a) Output voltage, current and power 

(b)MOSFET gate pulse, voltage, current 

 

 



 

 

 

 

 
(a) 

 

 

 

 
(b) 

 

 

 

Fig 8: Buck Mode: (a) Output voltage, current and power 

(b) MOSFET gate pulse, voltage, current 

  



 

 

 

8. COMPARISON 

 
A rough comparison is made between the topology used in this project with other 

different infamous topologies. It is found after comparison that, although the number 

of power switches is more, the advantages that the IBBDAB converter has over other 

topologies overcomes its only demerit, thereby concluding its effectiveness and 

efficiency. 

 

 

 

Topology 

Number 

of H.V. 

switches 

Switch 

Stress 

Operating 

power 

range for 

max. 

efficiency 

Buck-

Boost 

Capability 

Soft-

switching 

capability 

Control 

Multi-Modular 

DC 
Variable High Medium No NA 

Hard-

Switching 

LLC Resonant 2 Low Low No Good 
Frequency 

Control 

Traditional 

DAB 
2 High High No Good 

Phase-

Shift 

PWM 

IBBDAB 10 Low All Yes Very good 

Single 

Phase-

Shifted 

Dual-Edge 

PWM 

Table 2. Comparison Table 

 

  



 

 

9. COST ANALYSIS 

 

*Prices are inclusive of all components from all parts of the project for resistors, capacitors and 
inductors- including the actual converter, its snubber circuits, gate drivers, etc. 

 

 

Thereby, making the cost analysis, we can interpret that a converter of this efficiency 

and effectiveness can be realized within a very small size and will cost much lesser 

than one built using a different topology. If instead of the STM32 controller board, 

only the processor mounted on it is used, the price will be further reduced, thus 

allowing the cost of the converter circuit to be almost half of other topologies.  
  

Sl No. Component 

Cost 

(Real/Estimate- 

INR) 

1. Resistors* 40/- 

2. Capacitors* 30/- 

3. Inductors* 1500/- 

4. Diodes* 50/- 

5. MOSFET Switches 300/- 

6. FAN7392N MOSFET Driver 275/- 

7. Wires 60/- 

8. Transformer-1 375/- 

9. Transformer-2 120/- 

10. STM-32 G474 3000/- 

Total 5730/- 



 

 

 

 

 

 

10. FUTURE WORK 

 

The project aims to build a converter with high conversion ratio as well as bidirectional 

capabilities. Once constructed, this converter can be used to: (i) Charge EVs from a 

wide range of input voltages or in fact reverse charge the DC bus; (ii) Coupled with 

inverter topologies, it can be used to design a microgrid that will convert renewable 

energy sources like wind and solar into electrical energy with high efficiency. 

 

 

 

 

11. CONCLUSION 

 

In this project, the FSBB and DAB converters are studied and their advantages are 

coupled into a novel IBBDAB converter. The IBBDAB increases the soft-switching 

range and the DE-SPS-PWM largely reduces circulating currents. Switches are reduced 

due to sharing of legs. Analysis of the output voltage-current graphs obtained, show 

achievement of ZVS, and the converter gain shown in eqn. (4) is clarified. 
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APPENDIX A 

 

A.1 Specifications of Hardware Components 

 

(i) IRF540N N-Channel MOSFET 

 

Parameter Symbol Value Units 

Drain-Source 
Voltage 

VDSS 100 V 

Drain-Gate Voltage VDGR 100 V 

Gate-Source 
Voltage 

VGS ± 20 V 

Power Dissipation PD 120 W 

Operating 
Temperature 

TJ -55 to 175 °C 

 

Fig- Forward Bias Characteristics of IRF540N 



 

(ii) FAN7392N N-Channel MOSFET Driver 

 

Parameter Symbol Value Units 

Turn-on 
Propagation Delay 

tPD(ON) 130-180 ns 

Turn-off 
Propagation Delay 

TPD(OFF) 150-200 ns 

Turn-on Rise Time trise 25-50 ns 

Turn-off Fall Time tfall 20-45 ns 

Operating 
Temperature 

TA 40-80 °C 

Input Current at 
VDD 

 10-120 µA 

Input Current at 
VCC 

 40-430 µA 

Input Voltage 

VDD 3 V 

VCC 15 V 

VHIN 2.4 V 

VLIN 9.5 V 

Ouput Voltage 
VHO 1.5 V 

VLO 200 mV 



 

Fig- 14 DIP FAN7392N N-Channel MOSFET IC 

(Top View) 

 

 

Fig- Typical Application Diagram of FAN7392N Driver IC 

  



iii. STM-32 G474 Development Board 

Parameter Specifications 

Processor ARM Cortex- M33 Core 

Memory 1MB flash; 128KB SRAM 

Connectivity SCI * 6, I2C * 2, SPI, etc. 

Pins 
ADC12 * 2, DAC12 * 2, Temperature 
Sensor 

Timers 32-bit * 4, 16-bit * 4, AGT * 6 

Working Frequency 8-24 MHz 

Operating Voltage 2.7 - 3.6 V 

Operating Temperature -40°C to 85°C 

 

 

Fig- STM32 G474 Development Board 



iv. Central Transformer*1 

Undersaid are the design considerations for the 1:3 ratio based transformer that 
provides galvanic isolation to the entire circuit. 

VP = 150V; 

VS = 48V; 

fSW = 10kHz; 

Ps = 50W 

Pavg = (50 + 50√2)/2 

 = 60.355W 

 ≈ 60W 

IS = PS/VS 

 = 50/48 

 = 1.0416A 

Considering a cosmo core, 

AP = (Pavg * 104) / (2 * f * Bm * Kf * Kw * Kj) 

  = 1.33cm4 

NP = (VP * 103) / (4 * f * Bm
 * Ac) 

 = 39.164 

 ≈ 40 turns 

NS
 = (VP/ VS) * NS 

 = 125 turns 

IP = IS * (NS/NP) 

 = 3.255A 

aCP = IP / 3 

 = 1.085 mm2 

 aCS = IS / 3 

 = 0.3472 mm2 

  



 

From SWG chart we find, 22 SWG wires have a cross-section of 0.3973mm2. If a 
triple core 22 SWG is considered, the final c.s. results to 1.919mm2 which meets the 
requirement of 1.085mm2 minimum c.s. area for carrying the primary current. 

 

again, from SWG chart we find, 27 SWG wires have a C.S. of 0.1363mm2. If a triple 
core 27 SWG is used, the final C.S. results to 0.4089mm2 which meets the 
requirement of 1.0416mm2 C.S. area for carrying the secondary current. 

 

 

 

Therefore, for the purpose of central transformer, the transformer specifications are as 
follows- 

Core: 0.250 E-I cosmo core 

Primary: 3-core 22 SWG – 40 turns 

Secondary: 3-core 27 SWG – 120 turns 

 

 

 

*1 For COSMO core transformers, the values of the constants are- 

Kw = 0.3 

Ki = 300 

Kf = 1 

Bm = 0.25 



 



V.  Inductors Design Analysis*2 

Undermentioned are the design considerations of the two inductors, viz, L1 and L2. 

L = 400 µH;   IP = 3.255A;  Irms = 1.0416 

Considering a ferrite core, 

AP = [ (L * IP * Irms
 * 10) / (Bm * Kw * Kj) ] (1/1+x) 

 = 0.2224 cm4 

 

N = (L * IP * 104) / (Bm * AC) 

 = 149.65 turns 

 ≈ 150 turns 

 

Now, 

aCS = Irms / 3 

 = 0.3472 mm2 

 

From SWG chart we find, 21 SWG wires have a cross-section of 0.5189 mm2. If a 
triple core 21 SWG is considered, the final C.S. will be enough to carry the currents 
for each inductor. 

 

Therefore, for the purpose of both inductors, the specifications are as follows- 

Core: EE-2425 ferrite core 

Coil: 3-core 21 SWG – 150 turns 

 

*2 For Ferrite core transformers, the values of the constants are- 

Kw = 0.3 

Ki = 630 

Kf = 1 

Bm = 0.25 
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