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Analysing the performance of H5 inverters in a photovoltaic 
system 

 
 

Abstract. In this paper, a simulation study on H5 topology is presented. H5 topology is a commonly used inverter in photovoltaic (PV) systems 
because it is cost-effective, simple, and highly efficient. The study compares the performance of H4 topology, H5 topology, and an improved version 
of H5 topology in terms of leakage current. The power device was subjected to Unipolar Sinusoidal Pulse Width Modulation (SPWM) technique to 
determine the overall operation within a switching frequency range of 2 kHz to 20 kHz. The input system utilized a PV Matlab/Simulink model that 
specified a maximum power of 213.15 Watt and Open Circuit Voltage (Voc) of 36.3 V. The improved H5 topology demonstrated a significant 
reduction in leakage current, measuring 0.015 A compared to the conventional H5 topology's 0.02 A. 
 
Streszczenie. W artykule przedstawiono badanie symulacyjne topologii H5. Topologia H5 jest powszechnie stosowanym falownikiem w systemach 
fotowoltaicznych (PV), ponieważ jest opłacalna, prosta i wysoce wydajna. Badanie porównuje wydajność topologii H4, topologii H5 i ulepszonej 
wersji topologii H5 pod względem prądu upływu. Urządzenie zasilające zostało poddane technice jednobiegunowej sinusoidalnej modulacji 
szerokości impulsu (SPWM) w celu określenia ogólnej pracy w zakresie częstotliwości przełączania od 2 kHz do 20 kHz. System wejściowy 
wykorzystywał model PV Matlab/Simulink, który określał maksymalną moc 213,15 W i napięcie obwodu otwartego (Voc) 36,3 V. Ulepszona 
topologia H5 wykazała znaczne zmniejszenie prądu upływu, mierząc 0,015 A w porównaniu z konwencjonalną topologią H5 0,02A. (Analiza pracy 
falowników H5 w instalacji fotowoltaicznej) 
 
Keywords: photovoltaic system (PV), efficiency, inverter, leakage current  
Słowa kluczow: instalacja fotowoltaiczna, sprawność, falownik, prąd upływu 
 
 
Introduction 

Generation of energy from renewable resources, 
specifically photovoltaic (PV) is becoming popular due to 
pollution free nature. As PV generation produces direct 
current and utility grids operate on alternating current, an 
inverter is needed between PV and the grid for a system 
integration [1]. For grid-connected PV systems, inverters 
are crucial parts that serve as links between the grid panel 
and the PV panel [2][3]. There are two types of inverters 
available which are galvanic isolated and non-isolated. 
Transformer less inverters are gaining popularity in the low 
to medium power capacity domestic market because of 
their reduced size, weight and cost, and improved efficiency 
[4]. A direct ground current path between the PV panel and 
the grid is possible in the absence of galvanic isolation. 
Because of the significant stray capacitance (CPV) between 
the PV and grid grounds, this current can emerge as shown 
in Fig. 1. As a result, a fluctuating voltage, or common 
mode voltage (CMV), can excite the parasitic capacitor's 
resonant circuit. This can produce electrical interference, 
which can lead to concerns including power quality issues 
and device malfunction. In transformer less PV systems, 
high leakage current is a significant concern as it can cause 
increased grid current ripples, system losses, potential 
induced degradation to solar panels, and electromagnetic 
interference [5]–[7].  

 

 
 
Fig. 1. Common Mode Current loop in Transformer less Inverter 

The combination of galvanic isolation and the common-
mode voltage (CMV) clamping approach has led to the 
development of numerous research ideas that aim to 
reduce leakage current. These methods aim to prevent 
leakage current from flowing through the grounding system 
by providing an alternative path, thus increasing system 
safety and improving performance [8]. By minimizing 
leakage current, transformer less PV systems can become 
a more viable alternative to traditional isolated systems [9].  
 
Improved Transformer less Inverter 
A. A structure of the improved H5 Inverter 

This paper describes an improved H5 [10] inverter that 
offers lower leakage current and higher efficiency than 
conventional H5 inverters [16]. The improved topology 
achieves this by connecting two freewheeling diodes to the 
two phase legs of the conventional H5 inverter. The 
switches S1 to S5 are used in the proposed improved H5 
inverter. The S1, and S3 switches create a freewheeling 
path for the circulating current through the filter inductors 
and the grid. The diodes, D1 and D2, help to achieve a 
constant common-mode voltage (CMV), which is clamped 
to half of the input voltage. This results in the elimination of 
CM leakage current, which is a significant problem in 
conventional H5 inverters [10] [11][13]–[17]. 

 
 
Fig. 2. Improved H5 Inverter topology 
 
B. Operating Principle and Switching Techniques 
The switching scheme of the inverter is a unipolar SPWM 
modulation scheme, which helps prevent the injection of 
harmonics into grid current and reduces power losses. Fig. 
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3. shows the individual pulses needed for the switches of 
the proposed inverter [18] [19]. 
 

 
 

Fig. 3. Switching signal of the improved H5 inverter 
 

C. Analysis of the results and performance comparison 
The designed transformer less inverter's performance is 

evaluated through MATLAB/Simulink simulation results, 
with all three topologies simulated using the settings 
specified in Table 1 and Table 2. To create parasitic 
capacitance (Cpv), two capacitors are connected to the 
source and ground terminals, and two sets of inductors are 
attached to the H-bridge arms. Additionally, a capacitor is 
connected in parallel with the load to establish the LCL 
filter. The simulation employs an RMS grid voltage of 230 V 
and a frequency of 50 Hz, with a switching frequency (fs) 
range of 2 kHz to 20 kHz. These parameters enable the 
researchers to conduct a thorough assessment of the 
transformerless inverter's performance and compare the 
results to determine the optimal topology.  
 

Table 1. Inverter Specification 
Parameter/ Specification Value 
Rated Power 2 kW 
DC Input Voltage 400 V 
Grid Voltage  1-phase 230V (RMS), 50 Hz 
Switching Frequency 10 kHz, 8 kHz, 6 kHz, 4 kHz, 

2 kHz 
Dc Link Capacitors 470 µF 
Filter Inductors 2 mH 
Filter Capacitors 2.2 µF 
Stray Capacitors 75 nF 
 

Table 2. PV Solar Specification 
Parameter/ Specification Value 
Maximum Power 213.15 W 
Open Circuit Voltage (Voc) 36.3 V 
Maximum Power Point Voltage (Vmp) 29 V 
Short Circuit Current (Isc) 7.84 A 
Maximum Power Point Current (Imp) 7.35 A 
Shunt Resistance (Rsh) 313.3991 Ω 
Series Resistance (Rs) 0.39383 Ω 
 

Fig. 4 shows that during the freewheeling period, a large 
fluctuation in the VAN and VBN of the standard H4 
topology, with magnitudes up to 100 V, can be observed. 
These oscillations then lead to common-mode voltage 
(CMV) oscillations, with magnitudes up to 100 V, which 
result in a significant amount of leakage current being 
produced. This demonstrates that more than simply 
galvanic isolation procedures and modulation techniques 
are needed to establish a constant CMV. 

 
Fig. 4 Conventional H4 Leakage Current 
 

Fig. 5 indicates that there are considerable oscillations 
in both VAN and VBN with amplitudes of up to 100 V in the 
H5 architecture. Furthermore, the common-mode voltage 
(CMV) oscillates with magnitudes of up to 200 V. These 
findings imply that the leakage current is not eliminated in 
this configuration. 

 
 

Fig. 5 Conventional H5 Leakage Current 
 

Fig. 6. presents the precisely opposite voltages, VAN 
and VBN, of the enhanced inverter, which demonstrate a 
consistent common-mode voltage (VCM) of 200 V during 
both the conduction and freewheeling periods. The figure 
also depicts the VAB of the improved inverter, as well as 
the grid voltage and grid current. As a result of the stable 
VCM, a significantly reduced amount of leakage current, 
approximately 15 mA, is detected in the improved inverter 
compared to the conventional H4 and H5 configurations. 

 

 
 
Fig. 6. Improved H5 Leakage Current 

 

The relationship between leakage current and switching 
frequency of inverter topologies are presented in Fig. 7. and 
Fig. 8. The conventional H4 topology exhibits low current 
leakage at the beginning, with 59 mA at a 2 kHz switching 
frequency before increasing to 500 mA at 4 kHz. The 
current leakage of the conventional H4 topology then 
decreases at 4 kHz and 6 kHz before experiencing a 
sudden increase at 10 kHz, 12 kHz and 14 kHz, with a 
highest recorded value of 1097 mA. The current leakage 
then decreases again to 226 mA at 16 kHz before reaching 
its lowest recorded value of 43 mA at 18 kHz. 
 

 
 

 
Fig. 7 Inverter Topologies Leakage Current Performance 
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Both the conventional H5 and improved H5 topologies 
recorded lower current leakage values, with a range 
between 14 mA and 21 mA as shown in Fig. 9. The 
improved H5 topology recorded lower current leakage 
compared to the conventional H5, with the lowest recorded 
value being 14 mA for the improved H5 and 21 mA for the 
conventional H5. 

 
 

Fig. 8. Conventional H5 and Improved H5 Leakage Current 
 

Conclusion 
The improved H5 topology is of particular interest, as 

simulation results are presented to provide new insights into 
the effects of duty ratio and switching frequency on the safe 
operation of a grid-connected PV system. The study 
evaluates the transformer less inverter topologies by 
analyzing leakage current performance which can affect the 
reliability and overall performance of a PV system. 

The findings highlight the importance of carefully 
selecting the duty ratio and switching frequency to achieve 
optimal performance and avoid potential safety hazards. 
The improved H5 topology exhibits superior performance 
compared to the conventional H4 [20] and H5 topologies. 
The leakage current in the improved H5 topology was only 
15 mA, which is much lower than the 360 mA recorded for 
the H4 topology in the simulation. In summary, the 
improved H5 topology transformer less inverters exhibit 
numerous advantages over conventional transformer less 
inverters. This makes them highly suitable for use in grid-
connected solar PV systems and other renewable energy 
applications. Based on the simulation results, it can be 
concluded that the proposed design is effective in improving 
the overall performance of the system and overcoming the 
limitations associated with conventional methods.  
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