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Abstract—This paper proposes a new Zeta-based multiport 
AC-link converter that serves as an interface for the 
interconnection of different sources and loads in multi-
input/multi-output systems. The proposed converter offers 
improved reliability by replacing electrolytic capacitors with 
small film capacitors. Additionally, this converter achieves a high 
power density by utilizing compact high-frequency transformers 
instead of low-frequency transformers when isolation is needed. 
With only one small inductor and one small capacitor for power 
transfer between different sources and loads, the converter is 
capable of voltage step up and down over a wide range. An 
additional small capacitor in parallel with the inductor helps 
realize soft-switching in this converter. Moreover, the converter 
performs power conversion in a single stage, increasing the 
efficiency compared to multi-stage power converters. In 
comparison to the Ćuk-based AC-link converters, this topology 
uses a capacitor with a lower voltage rating. A small microgrid 
including a three-phase AC source, one photovoltaic source, and 
a three-phase AC load are considered in this paper to study and 
evaluate different power flow scenarios of the proposed multiport 
systems. The principles of the operation of the proposed topology 
are presented in this paper, and its performance is verified 
through simulations. 

Keywords—high-frequency ac link, hybrid power systems, 

microgrid, multiport converter, nanogrid, photovoltaics, soft-

switching, zero current switching (ZCS), zero voltage switching 

(ZVS), Zeta converter. 

I. INTRODUCTION 

Over the past few decades, the attention to distributed 
energy (DE) systems and renewable energy sources, 
particularly in microgrids and nanogrids, has grown 
significantly. Consequently, the demand for power converters 
that can efficiently manage the power flow between different 
types of sources and loads is increasing [1].  

DC-link multilevel and multiport converters are the most 
common configurations used in hybrid DE systems. Multilevel 
topologies, especially Cascaded H-bridge converters, have 
attracted much attention and have been widely studied 
recently [2-3]. However, employing These DC-link power 

converters may cause some reliability challenges. These 
challenges primarily arise from the frequent failures and the 
limited lifespan of some elements like electrolytic capacitors, 
particularly when exposed to high temperatures [4-6]. 
Addressing this limitation and improving overall reliability 
can be achieved through the elimination of electrolytic 
capacitors. This elimination mitigates the risk of failures and 
enhances the system’s power density. To achieve this goal, 
multiport AC-link converters like Buck-Boost-based and Ćuk-
based converters are introduced in [7] and [8] that offer a 
more reliable interaction between sources and loads. These 
converters extend the principles of operation employed in DC-
DC converters.  

A Buck-Boost-based multiport converter uses an inductor 
at the link to transfer power from various sources to different 
loads [7]. In order to minimize the size of the inductor, a high 
current ripple is typically allowed [9]. Additionally, the 
inclusion of a small capacitor in parallel with the link inductor 
facilitates soft switching to improve overall efficiency [10]. 
All the switches in this converter benefit from zero voltage 
turn-on and soft turn-off characteristics. Despite the 
advantages, the buck-boost-based multiport converter faces a 
high link peak current, which leads to increased conduction 
losses.  

To address this issue, an alternative topology known as the 
multiport Ćuk-based converter has been introduced [8]. In this 
converter, a small series film capacitor at the link transfers 
power from different sources to different loads. Soft switching 
can be achieved by adding a small inductor in series with the 
link capacitor, providing zero current turn-off and a soft turn-
on for all switches [11]. However, it is important to note that 
the Ćuk-based multiport converter suffers from high peak 
voltage across the link capacitor.  

To overcome the high capacitor voltage challenge of Ćuk-
based converters, a multiport Zeta-based converter, in which 
the link capacitor has a lower peak voltage, is proposed in this 
paper. The proposed converter employs a small inductor and a 
small capacitor to transfer the power from sources to loads. In 
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the soft-switching configuration, which is realized by adding 
another small capacitor in parallel with the inductor, the 
output side diodes benefit from zero current turn-off and zero 
voltage turn-on, while the input side switches benefit from 
zero voltage turn-on and soft turn-off. The core concept of the 
proposed multiport converter is introduced in [12-14]. In [12] 
a soft-switching Zeta inverter and a SEPIC rectifier were 
introduced. Hard-switching and soft-switching Zeta-based 
rectifiers and AC-AC converters were proposed in [13] and 
[14]. This paper focuses on the application of this converter in 
hybrid systems with a three-phase AC source, a DC source, 
and a three-phase AC load. The proposed topology eliminates 
the bulky electrolytic capacitors and makes the system more 
compact by using lightweight high-frequency transformers 
instead of line-frequency transformers in applications 
requiring galvanic isolation.  

The article is organized as follows: Section II introduces 
the topology and operating principles. Subsequently, in 
section III, simulation results are presented to validate the 
performance and effectiveness of the converter. Finally, 
section IV provides a summary and conclusion of the paper, 
highlighting the key findings. 

II. OPERATING PRINCIPLES 

The operating principles of the hard-switching and soft-
switching Zeta-based multiport converter are discussed in 
parts (A) and (B) of this section, respectively. 

A. Hard-switching configuration 

Fig. 1 displays the isolated hard-switching Zeta-based 
multiport converter. In the proposed multiport configuration, a 
three-phase AC source and a DC source are supplying a three-
phase AC load via the link capacitor (�� and ��) and the input 
inductor (���). The inclusion of a high-frequency transformer 
(HFT) is optional. In non-isolated topologies, only one link 
capacitor is required instead of two. The link current, link 
voltage, and input inductor voltage waveforms during 
different modes are depicted in Fig. 2.  

For the three-phase AC source, it is assumed that ��
	
�, the 

current reference of phase A, is positive and has the maximum 
absolute value among three-phase input currents. On the other 
hand, the current references of phases B and C (��

	
� and �

	
�) 

are negative and the absolute value of �

	
�  is smaller than 

��
	
�. Similarly, in the three-phase AC load, it is assumed that 
����
	
�, the voltage reference across phase pair AB, is positive 

and has the maximum absolute value among three-phase 
output line-to-line voltages. ��
�

	
�  and �
��
	
� , the voltage 

references of phase pairs BC and CA, are negative and the 
absolute value of �
��

	
� is smaller than ��
�
	
�.  It is also assumed 

that the voltage of the DC source is lower than voltages across 
phase pairs AB and CA in the three-phase AC source. It is 
obvious that based on the instantaneous values of currents and 
voltages, different switching states need to be selected.  

In the first mode, power is transferred from the input 
inductor (��� ) to the link capacitor through the load-side 
antiparallel diodes, as shown in Fig. 3(a). In this mode, all 
switches are turned off, and the AC load diodes conduct, 

which results in zero unfiltered source currents and zero 
unfiltered load voltages. This mode continues until the link 
capacitor voltage increases to its maximum value (Fig. 2). 

At the end of Mode 1, Q1 and Q5 are turned on, and this 
allows the input inductor to be charged with ���  and initiate 
input mode 2 (as illustrated in Fig. 3(b)), and simultaneously, 
the first link capacitor discharging mode, output mode 2, 
begins (Fig. 3(c)). As soon as the average current of input 
phase B, ��

��
	��
 , equals its reference, ��
	
� , switch Q5 is 

turned off, and switch Q6 turns on to initiate another charging 
mode (input mode 3), shown in Fig. 3(d). This charging mode 
continues until ��

��
	��
  meets ��
	
�. Once this happens, Q1 and 

Q6 are turned off, and Q7 is turned on to charge the input 
inductor with the DC source voltage in input mode 4 (Fig. 
3(e)).  

For discharging modes, the link capacitor starts to 
discharge by the load phase current that has the second-
highest value in output mode 2. Switches Q8, Q12, and the 
anti-parallel diode of Q10 conduct during this mode. When the 
corresponding output voltage (VBCo

Average) meets its reference 
value, this mode ends and the last discharging mode starts.  

During the last discharging mode (output mode 3), the link 
capacitor discharges to the load with the highest load current 
(|���|). In this mode, switches Q8, Q12, and Q13 are turned on 
(Fig. 3(f)). This mode continues until the link capacitor is 
completely discharged. It should be noted that the input 
inductor charging modes and the link capacitor discharging 
modes are controlled independently and they have different 
durations. 

B. Soft-switching configuration 

Fig. 4 shows the isolated soft-switching zeta-based 
multiport converter. The link current, link voltage, and the 
input inductor voltage waveforms for different operating 
modes are depicted in Fig. 5. The main difference with the 
hard-switching topology is that a small resonating capacitor 
(Cresonance) is connected in parallel with the input inductor to 
add the resonating modes for the soft-switching configuration.  

In the first mode, all the switches are off, and the power is 
transferred from the input inductor (���) to the link capacitor 
(�����) via the output side anti-parallel diodes. When the link 
capacitor is fully charged, and the input inductor current 
becomes zero, the load-side diodes turn off under zero current 
switching conditions (ZCS).   

After this mode, the link capacitor first discharging mode 
and the first resonating mode start. During the first resonating 
mode, the voltage of the input inductor reaches VAB, and the 
voltages across Q1 and Q5 become zero and they turn on under 
zero voltage switching (ZVS).  

In input mode 3, which is the first inductor charging mode, 
the highest line-to-line input voltage (VAB) charges the 
inductor (Lin). When the average of IB meets IB

ref, Q5 turns off 
and another resonating mode starts.  

In the second resonating mode, the input inductor 
resonates with its parallel capacitor until Vin reaches |VAC|. At 
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this moment, Q6 turns on under ZVS to start another inductor 
charging mode.  

During the second inductor charging mode (input mode 5), 
the input inductor (Lin) receives power from the three-phase 
source with the voltage of VAC until the average of IA reaches 
IA

ref. At this time, switches Q1 and Q6 are turned off and 
another resonating mode starts to allow Vin to swing to VDC. 
Following this condition, Q7 turns on under ZVS to charge the 

input inductor with VDC, and the last inductor charging mode 
continues until the average of IDC becomes equal to IDC

ref.  

By turning off Q7, the input inductor, and its parallel 
capacitor resonate until the inductor voltage becomes equal to 
the absolute value of the link capacitor voltage. At this time, 
the antiparallel diodes turn on with ZVS to start the next cycle.  

The link capacitor discharging modes are the same as the 
hard-switching case. 
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Fig. 1. Isolated hard-switching Zeta-based multiport converter. 
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Fig. 2. Voltage and current waveforms of the link capacitor and the input inductor voltage in the hard-switching Zeta-based multiport converter. 
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Fig. 3. (a) Behavior of the non-isolated Zeta-based multiport converter during mode 1, (b) Behavior of the non-isolated Zeta-based multiport converter during the 
first inductor charging mode, (c)  Behavior of the non-isolated Zeta-based multiport converter during the first capacitor discharging mode, (d) Behavior of 
the non-isolated Zeta-based multiport converter during the second inductor charging mode, (e) Behavior of the non-isolated Zeta-based multiport converter 
during the third inductor charging mode, (f) Behavior of the non-isolated Zeta-based multiport converter during the second capacitor discharging mode, (g) 
Behavior of the non-isolated Zeta-based multiport converter during resonating modes. 
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Fig. 4. Isolated soft-switching Zeta-based multiport converter. 
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Fig. 5. Link capacitor voltage and current and the input inductor voltage in the soft-switching Zeta-based multiport converter. 

III. SIMULATION RESULTS 

In this section, simulation results corresponding to both 
soft-switching and hard-switching converters are presented to 
verify the effectiveness of the proposed converter. The 
parameters of the converter are summarized in Table I. 

A. Hard-switching configuration 

Figures 6-9 display the simulation results corresponding to 
the proposed hard-switching Zeta-based multiport converter. 
Fig. 6 shows the voltages and currents of the link capacitor, 
where the link voltage is negative for a small portion of time to 
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allow using a capacitor with a lower voltage rating compared 
to the Ćuk-based converters. Fig. 7 illustrates the input 
inductor voltage and current waveforms. The unfiltered input 
currents and output voltages are depicted in Fig. 8. As 
mentioned in the operating principles section, the input 
inductor charging modes and the link capacitor discharging 
modes are controlled independently and they have different 
durations. Fig. 9 shows the filtered input currents with a THD 
of 2.2% and filtered output voltages with a THD of 3.5%, and 
the filtered input DC current. 

B. Soft-switching configuration 

By adding a 30 nF capacitor in parallel with the input 
inductor the converter can benefit from soft-switching. 
Simulation results corresponding to the designed soft-
switching Zeta-based multiport converter are illustrated in 
Figs. 10- 14. The voltage and current waveforms of the link 
capacitor and input inductor are given in Figs. 10 and 11, 
respectively. Similar to the hard-switching configuration, the 
minimum value of the link voltage can be negative to reduce 
the link peak voltage compared to Ćuk-based converters. Fig. 
12 presents the unfiltered input currents and output voltages 

during different power transferring and resonating modes. The 
voltage and current waveforms of the switches shown in Fig. 
13 verify the soft-switching in this converter. Fig. 14 shows the 
filtered output three-phase voltages with a THD of 4%, filtered 
three-phase input currents with a THD of 1%, and the filtered 
input DC current. 

IV. CONCLUSION 

This paper presented a hard-switching and a soft-switching 
Zeta-based multiport converter that can be used in nanogrid 
and microgrid applications, where different types of sources 
and loads need to intelligently interact. Due to the elimination 
of the bulky electrolytic capacitors and the low-frequency 
transformers, the size and weight of the proposed converters 
are expected to be lower than traditional DC-link multiport 
converters. Furthermore, this topology has a lower link peak 
voltage compared to Ćuk-based multiport converters. In the 
soft-switching topology, the output side diodes benefit from 
zero current turn-off and zero voltage turn-on. And the input 
side switches benefit from zero voltage turn-on and soft turn-
off. 

TABLE I.  ZETA-BASED MULTIPORT CONVERTER PARAMETERS 

 Link 

frequency 
Three-phase 

source and 

three-phase 

load frequency 

Link 

capacitance 
Input 

inductance 
Resonance 

capacitance (for 

the soft-switching 

configuration) 

Power 

level 
RMS line-to-

line three-

phase source 

voltage 

RMS line-to-

line three-

phase load 

voltage 

DC source 

voltage level 

Multiport 
Converter  

30 kHz 60 Hz 300 nF 100 µH 30 nF 50 kW 850 V 700 V 500 V 

 

 

Fig. 6. Current and voltage of the link capacitor in the hard-switching Zeta-
based multiport converter. 

 

Fig. 7. Current and voltage of the input inductor in the hard-switching Zeta-
based multiport converter. 

 

Fig. 8. Unfiltered input currents and output voltages in the hard-switching 
Zeta-based multiport converter. 

 

Fig. 9. Filtered ac and dc sources currents and load voltages in the hard-
switching Zeta-based multiport converter. 
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Fig. 10. Current and voltage of the link capacitor in the soft-switching Zeta-
based multiport converter. 

 

Fig. 11. Current and voltage of the input inductor in the soft-switching Zeta-
based multiport converter. 

 

Fig. 12. Unfiltered input currents and output voltages in the soft-switching 
Zeta-based multiport converter. 

 

Fig. 13. Current and voltages across switches in the soft-switching Zeta-based 
multiport converter. 

 
Fig. 14. Filtered source currents and load voltages in the soft-switching Zeta-
based multiport converter. 
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