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Abstract—This paper introduces a three-port dc-dc-dc/ac 

converter based on dual active bridge resonant (DABR) topology 

that can integrate two dc input sources such as photovoltaic (PV) 

panels and provide one dc/ac output (battery/grid). The proposed 

converter is well-suited for grid-tied photovoltaic and energy 

storage systems. The power flow occurs due to the phase-shift 

between the primary and secondary switches. We employ triple 

phase-shift (TPS) modulation that confirms zero-voltage-

switching (ZVS) of all the switches for a wide range of output 

voltage and thereby, increases the overall efficiency. The operating 

principles of the three-port converter have been described. Both 

simulation and experimental results demonstrated in the paper 

validate the feasibility of the proposed converter. 

Keywords—dual active bridge, electric vehicle, grid, resonant 

converter, soft switching, three-port converter, zero-voltage 

switching. 

I. INTRODUCTION  

With the goal of reducing fossil fuel related CO2 emission, 
the integration of PV system into the power grids is increasing 
swiftly. In 2022 U.S. has installed 18.6 GW of solar PV capacity 
[1]. Additionally, residential and utility-scale PV system price 
($/W) has been declining over the past few years.  However, 
high penetration of PV into grid still faces significant challenges 
due to lack of innovative power electronic systems [2]. Research 
and development of multiport converters are essential because 
they inherit a smaller number of power stages which results in 
high efficiency, high power density, high reliability, and low 
cost [3]-[6].  

There are two categories of multiport converters such as 
isolated and non-isolated converters. Isolated converters provide 
galvanic isolation which enhances the safety of the system. 
There are a few isolated converter topologies such as LLC 

resonant converter, dual active bridge converter, AC-link 
universal converter, and phase shifted full bridge converter [7]. 

 The multiport PV input LLC converter has been proposed 
in [4] and [8] by connecting each PV source to one half-bridge 
configuration. Using the common resonant tank reduces the cost 
and increases the power density of the converter. The LLC 
resonant converter utilizes frequency modulation which adds 
complexities in reverse operation. The phase shifted full bridge 
converter has secondary side diodes that generate more power 
losses and do not allow reverse power flow.   

Dual active bridge resonant (DABR) topology is appropriate 
for the dc-dc stage or dc-ac stage due to its high-power density, 
high efficiency, bidirectionality, isolation, soft switching, and 
wide voltage transfer ratio [9], [10]. The dc output of DABR is 
used for connecting to the battery for different applications and 
can charge or discharge the battery based on the control method 
[11]. In [12] and [13], a reduced and improved three-port 
topology is proposed which utilizes DAB based DC-AC 
topology. Also, an output filter is placed to generate smooth 
sinusoidal output current. 

Traditional dual active bridge converters provide trapezoidal 
shaped transformer current which possess higher order 
harmonics and conduction loss is increased [14]. Due to the 
inclusion of the resonant tank, the current through the 
transformer is sinusoidal, and therefore, the conduction loss is 
lower if compared with traditional dual active bridge converter 
[15]. In addition, the DABR converter provides extended soft 
switching range due to the adoption of resonant tank. Switching 
modulations are mainly single-phase shift (SPS), dual phase 
shift (DPS), and triple phase shift (TPS). SPS causes high 
switching and conduction loss in light load conditions. DPS 
extends the ZVS range; however, all the switches cannot achieve 
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ZVS. TPS secures ZVS of all the switches even at no-load 
condition.  

In this paper, we propose a three-port converter that 
integrates two dc input sources with dc/ac output port and can 
be applicable for microgrid, PV, and electric vehicle (EV) 
charging applications as shown in Fig. 1. The operating 
principles of the proposed three-port converter are discussed in 
Section II. Simulation and experimental results of the converter 
are demonstrated in Section III. Finally, concluding remarks are 
drawn in Section IV.    

II. OPERATING PRINCIPLE 

The circuit operates as a dual active bridge converter 
between port-1 to port-3 and port-2 to port-3. Due to the 
inclusion of the resonant tank, the current becomes sinusoidal 
and conduction loss is reduced. The operating switching 
waveforms of the converter with dc output have been illustrated 
in Fig. 2. The power flow between the ports is governed by the 
three-phase shifts generated by TPS modulation. Three-level 
voltage waveforms are generated at the primary and secondary 
side. The current through the resonant tank is sinusoidal. The 
phase shifts are calculated based on the zero-voltage switching 
(ZVS) turn on conditions of all switches. The ZVS turn on 
conditions of all switches can be found by checking the current 
polarity of the resonant tank during turn on of each switch. The 
equivalent circuit of this mode can be analyzed with 
fundamental component analysis. The voltage waveforms 
shown in Fig. 2 can be represented by their fundamental 
component. Fourier series representation of any signal ���� is, 

 

                 ���� = ∑ �� 
���
����
����                             (1) 

                    �� = �
�

� �����
���
  
����
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where,  ��  is the Fourier series coefficient, ��  is the 
switching period and �� = 2�/�� . Putting � = 1, we can get 
 �� which is required to determine the fundamental component 
of � �!� and ���!� [16]. 
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The equations of voltage, � �!� and ���!� are determined as 

follows,  
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Fig. 1.    Circuit schematic of the proposed three-port dc-dc-dc/ac converter based on dual active bridge (DAB) resonant topology.  
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Fig. 2.  DABR switching waveforms. 
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where, %  and %�  are the peak values of �  and �� 
respectively. The current in the resonant tank, 7� is, 
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The average output power, Po and output current, Io are given 
as follows, 
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where, M=Vs/Vp ,Vp= NVp, is = Nip, J = J� + J8 , and K =
 L)L2L)-L2

.   To ensure ZVS turn on of the switches, associated parasitic 

capacitors must be discharged and body diodes should be 
conducting prior to turn on signals appear at the gate terminals.  

The utilization of the back-to-back switches is applied to 
prevent the secondary bridge from short-circuiting through the 
anti-parallel diodes of the active switches. Also, the secondary 
bridge works the same as a cycloconverter. This DABR converter 
use a high-frequency AC (HFAC) link, generated by either the 
primary or secondary bridges, to produce a low-frequency AC 
square wave. This square wave can then be filtered through a low 
pass filter to produce an AC sine wave. By precisely regulating the 
PWM on the primary side, the bridge is capable of generating a 
continuous HFAC output. Consequently, the suggested HFAC link 
configuration can convert DC input into an AC sine wave, 
leveraging the transformer's leakage inductance as the AC link 
[13]. 

The gate-source pulses of the input bridge are denoted as Vgs, 
as shown in Fig. 3. However, the synthesis of the SPWM on the 
primary bridge involves alternating the Vgs PWM between 
switches S1, S4, and S2, S3. The first-order low pass filter is applied 
to the output current to generate a sine wave. During the positive 
half cycle of the 60Hz AC waveform, switches S5 to S8 in the 
output bridges remain activated while the other switches are 
modulated. Similarly, during the negative half cycle, switches S5,b 

to S8,b are kept on while the other switches are modulated in a 
similar manner. This arrangement facilitates the unfolding of the 
60Hz AC waveform [13]. 

The modulation scheme depicted in Fig. 3 maintains a constant 
phase-shift between the primary and secondary bridges while 
applying a SPWM pattern on the primary bridge. This approach 

 
Fig. 3.  The modulation waveforms of the DABR for AC output [13]. 

TABLE I.  CONVERTER PARAMETERS 

Parameters Value 

Power, Po 1 kW 

Port-1 voltage, V1 200 V 

Port-2 voltage, V2 200 V 

Port-3 voltage, V3 260 V 

Resonant inductor, L1 40 μH 

Resonant inductor, L2 40 μH 

Resonant capacitor, C1  0.047 μF 

Resonant capacitor, C2 0.047 μF 

Phase shift, < 108° 
Phase shift, D1  144° 
Phase shift, D2 144° 
Turns ratio, N 2 

Switching frequency, fs 100 kHz 
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Fig. 4.  Plot of � , ��, 7� vs. time (s) for four cycles. 
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simplifies the implementation of the modulation scheme. 
However, it's important to note that over the course of a half cycle, 
multiple distinct fundamental TPS schemes are utilized. The gate 
pulses Vgs,SPWM are responsible for controlling the switches in the 
primary bridge, resulting in the generation of the primary voltage 
denoted as VP [13]. 

III. RESULTS 

The proposed converter has been simulated in 
Matlab/Simulink. In addition to the simulation, a 1 kW 
prototype has been built to verify the proposed converter. The 
circuit specifications of the hardware implementation are 
illustrated in Table I. The simulation results for this converter 
are shown in Fig. 4 represents the three-level voltage waveforms 

in the primary and secondary resonant tank. Also, it is apparent 
that the current through the resonant tank is sinusoidal and 
therefore, conduction loss is reduced significantly. Fig. 5(a) 
validates the ZVS turn on of all the switches. During each time 
instant (i.e., t0 – t7), the current is either positive or negative that 
confirms the ZVS turn on. For example, at t0, S1 is turned on and 
iS is negative. Therefore, the current goes through the body-
diode of S1 and drain-source voltage of S1 is zero. The same 
explanation is applicable for other switches (S2 - S8) in other time 
instants (t1 – t7). As a consequence, the switching loss of the 
converter is reduced greatly.   

The experimental results of the converter are demonstrated 
in Fig. 5(b) – Fig. 5(f). The voltage waveforms across the 
primary side and secondary side resonant tank including the 
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Fig. 5.    (a) ZVS turn on verification based on the sign of 7� from time interval !N to !O.  (b) Steady state waveforms � , ��, −7� vs. time.  (c) ZVS verification 

of switches: Switch S1 drain-source voltage, gate source voltage and primary current. (d) ZVS verification of switches: Switch S2 drain-source voltage, gate 

source voltage and primary current. (e)  Switch S5 drain-source voltage, gate source voltage and secondary current. (f) Switch S6 drain-source voltage, gate source 

voltage and secondary current. 
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resonant tank current are depicted in Fig. 5(b). The peak of 
voltage waveform in the primary resonant tank represents the 
input voltage V1 and V2. The sinusoidal current waveform can be 
reshaped by varying the phase shifts (<, D1, D2). The ZVS turn 
on validation of the all the switches can be inferred from the 
sinusoidal current waveform. In addition, the drain to source 
voltage vs gate to source voltage of the switches are presented 
to verify the ZVS turn on of the switches. It is apparent from Fig. 
5(c) – Fig. 5(f) that gate to source voltage starts increasing from 
zero voltage after drain to source voltage reaches zero. 
Therefore, ZVS turn on of the switch is confirmed.   

By applying the modulation waveforms of the DABR for AC 
output, the AC voltage will appear in the output port, as shown 
in Fig. 6. The input DC voltage is configured at 48V, while the 
output voltage is adjusted to 155V peak (equivalent to 120V 
RMS) to align with the standard single-phase grid voltage. 

 

 

 

 

IV. CONCLUSION 

This paper presents a 1kW three-port converter based on 
dual active bridge resonant topology. The converter can 
integrate two input sources and provide dc or ac output 
depending on the modulation scheme. The operating principle 
of the converter has been discussed and the power flow equation 
has been derived. The proper design and adopted TPS 
modulation can secure ZVS turn on of all the switches. Both 
simulation and experiment were carried out to validate the 
operation of the converter. The results demonstrate that the 
converter can manage power flow between input and output with 
reduced conduction and switching loss.  
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Fig. 6.  The AC output voltage of the DABR. 
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