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Abstract- The advancement of technologies in power electronic devices marked the beginning of an era when 

the elimination of transformers and realization of power conversion through power electronic circuits was 

naturally thought of. The leakage current problem occurring in a grid-connected photovoltaic system that was 

mitigated through isolation transformers now needed to be solved through power converters itself. Accordingly, 

the problem has been addressed by the researchers for at least over a decade. But the search for more and more 

optimal topology persists to be a motivation for the research. This paper introduces a new modification of the 

transformerless H-bridge inverter topology in order to solve the leakage current problem while maintaining high 

efficiency and low total harmonic distortion [THD]. 

Keywords- Transformerless Inverter; Leakage Current; H5 Inverter; H7 Inverter; Grid-Connected PV System. 

 

 

1. Introduction 

The photovoltaic system basically consists of a PV module as the source and an inverter for DC to AC 

conversion and for maintaining the voltage level as required by the load. The transformer may be employed for 

two purposes - (i) Step-up transformer for voltage step-up in case the PV output is less than the peak value of 

the AC side voltage, (ii) Isolation transformer for galvanic isolation to suppress the leakage currents existing in 

a grid-connected PV system. 

With the advancement in the power electronic devices, it was hoped that the transformer be eliminated in 

order to make the system more efficient, compact and cost-effective. The former of the above mentioned 

purposes of the transformer can be readily solved using a DC-DC boost converter stage prior to the inverter 

stage.  

To solve the problem of leakage current in the absence of isolation transformer is an area of research. 

Several inverter topologies have been developed in over more than a decade which tend to reduce the leakage 

current while taking care of efficiency and THD. The conventional half-bridge and full-bridge inverters are 

modified in order to incorporate provisions for reduction of leakage current. [1-3]  

This paper introduces a topology that effectively reduces the leakage current along with meeting the 

efficiency and THD standards. The section 2 explains the leakage current problem in a grid-connected PV 

system. The section 3 discusses some existing topologies that tend to solve the leakage current problem. The 

section 4 discusses the topology being introduced through this paper. The section 5 presents the simulation and 

its results. The section 6 concludes the paper. 

2. The Leakage Current Problem 

When the PV source generates voltage in presence of light, some charges get stored between the 

arrays and the grounded metallic frame. This accounts for the parasitic capacitance of the PV module. In fig. 

1 the parasitic capacitances of the positive terminal and negative terminal have been denoted by CP1 and 

CP2 respectively. When the PV system is connected to grid, the current starts to leak through this parasitic 

capacitance and flows through the ground to enter the grid through some grounded portion at the substation. 

Thus the leakage current finds a closed path as shown in figure. It is a common mode current. [1] 
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Since the common mode current or leakage current is capacitive in nature, its value is given by the 

equation:  

 ICM  = CP  (dVCM / dt)        (1) 

where  ICM = Ileak is the leakage current  

 CP = CP1 + CP2 is the total parasitic capacitance  

       VCM is the common mode voltage given by: 

 VCM  = (VAN + VBN) / 2 + (VAN - VBN) (Lf2 – Lf1) / 2(Lf2 + Lf1)  (2) 

Figure 

1. International journal of renewable energy research. 

where VAN  & VBN are the voltages of leg A and B of the H-bridge with respect to point N 

Lf1 & Lf2 are the filter inductances in the two AC terminals. [4,5] 

The values of CP depending upon the environmental conditions range from 50-150 nF/kW for crystalline solar 

panels and is around 1μF/kW for thin film solar panels. So, the value of leakage current can be easily estimated 

through equation 1 to be in the order of milliamperes. 

The flow of leakage current causes deterioration of thin film PV panel, inserts harmonics, introduces 

some power loss but most importantly causes the maloperation of safety devices that are based on the 

phenomenon of common mode current. Due to this, the grid compliance code requires the leakage current due to 

PV system to be maintained below a specified value. [1,5] 

As it is clear from equation 1, the leakage current being a function of common mode voltage can be 

reduced by reducing the variation in common mode voltage. This can be done through one of the following 

three methods. 

i. Decoupling AC and DC sides during the freewheeling period 

ii. Clamping the common mode voltage to some fixed voltage point 

iii. Connecting the negative PV terminal to the grid neutral. [1,6] 

 

2. Existing Transformer Inverter Topologies 

Figure 2 shows some of the existing inverter topologies meant to solve the leakage current problem. Fig. 

2(a) shows the H5 topology that implements dc side decoupling. During the zero state the switch S5 is turned 
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off to check the variation in the common 

 
Fig. 2: Transformerless Inverter Topologies. (a) H5 Inverter (b) H6 Inverter (c) HERIC Inverter (d) NPC 

Inverter (e) Karschny Inverter 

mode voltage. Thus, the leakage current is reduced. The DC side H6 topology of fig. 2(b) is similar to H5 except 

that the two switches of half rating are required.[4,7] The HERIC topology shown in fig. 2(c) implements AC 

side decoupling by creating an alternative freewheeling path using two back to back connected switches. [8]  

The Neutral Point Clamped (NPC) topology shown in fig 2(d) implements the clamping method. A neutral 

point of dc link voltage is created through a potential divider created using two capacitors of equal values. The 

neutral point is connected to the bridge through two diodes and also grounded. This normalizes the common 

mode voltage and hence the leakage current reduces to a significantly low value. [9] 

The Karschny topology in fig. 2(e) implements the third method, i.e. to connect the negative PV terminal to 

the grid terminal. In this way the oscillations of the negative terminal are completely neutralised. The leakage 

current value is very highly suppressed. [4] 

Above topologies have been further enhanced in several other presentations. If two switches instead of two 

diodes are used for clamping then such a topology is called active NPC topology. [7] The Coenergy NPC uses 
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two back to back connected switches for clamping. [9] The PN-NPC topology uses eight switches to implement 

what is called Positive Negative Neutral Point Clamping.[7] The H7 topology is a modification of H6 topology 

in which the seventh switch is used for clamping the common mode voltage. [10] 

3.  The Proposed Topology 

The fig. 3 introduces a topology that is capable of suppressing the leakage current along with excellent 

efficiency and very low THD. It uses 6 switches and a diode. The fifth switch S5 is used for decoupling while 

S6 is used for clamping. The diode has been used to make the clamping one way, i.e. whenever VAN is to go 

below the voltage of the neutral point of the dc link voltage. It implements both decoupling and 

 Fig. 

3: The Proposed Topology 

clamping methods of maintaining the common mode voltage and hence effectively mitigates the leakage current 

problem. 

The unipolar modulation technique has been used. The four modes of operation are as follows: 

Mode I: S1, S2 and S5 are on while others are off 

Mode II: S1, S3 and S6 are on while others are off 

Mode III: S3, S4 and S5 are on while others are off 

Mode IV: S1, S3 and S6 are on while others are off 

The mode I and mode III stand for the positive state and negative state respectively of the normal H-bridge 

inverter. The mode II and mode IV are the zero states during which S5 is off so as to prevent the variation of the 

common mode voltage during this period through decoupling. Along with it S6 is on which serves to clamp the 

voltage of leg A (i.e. VAN) to VPV/2. Thus both decoupling and clamping methods are utilized to maintain the 

common mode voltage fairly constant during this period. Hence the leakage current during the zero states can be 

seen to be falling. Thus the overall rms value reduces significantly. 

4. Simulation Results 

The values of the parameters are chosen as given in table 1. For generating 230V AC rms from the 

inverter, the DC input voltage must be at least 325V (~230√2).[1] The dc link capacitor must be large enough to 

make the input voltage stiff. The filter parameters have been chosen with respect to resonance frequency of 

840Hz (fr = 1 / 2π√LC). The filter inductance has been divided into two legs and equal values have been chosen 

so that the equation 2 gets reduced as the second term then equates to zero. For grid and 10kW load simulation, 

standard values of 230V, 50Hz have been set. The PWM signal has been generated with switching frequency of 

10kHz. The parasitic capacitance has been assumed to be 100nF/kW. 

Table 1: Parameters for simulation 
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Parameter Value 

VPV 360 V 

CP 1 μF 

Rg 5 Ω  

CPV1 & CPV2 4400 μF 

Lf 3 mH 

Cf 6 μF 

fs 10 kHz 

Grid 230 V, 50 Hz 

Load 10 kW 

 

The results for the simulation have been tabulated in table 2. The actual results may vary because it is very 

difficult to estimate all the parasitic effects accurately. Nevertheless, the simulation results are good enough for 

comparison with other topologies. 

Table 2: Simulation Results for the proposed topology 

Parameter Value 

Leakage Current 76.38 mA 

THD 0.48% 

Efficiency 99.26% 

 

The waveforms for the common mode voltage and leakage current have been shown in fig. 4 & 5 respectively. 

The waveforms are obviously high frequency waveforms depending upon the switching frequency. The 

common mode voltage is seen to be constant at about 180V (=VPV/2) during the negative half cycle and hence 

the leakage current is nearly zero. This is the most important benefit of the proposed topology. But the peak of 

0.6A during positive half cycle is the main drawback. 

 

Fig. 4: Common Mode Voltage Waveform 
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Fig. 5: Leakage Current Waveform 

 

6.  Comparison with other Topologies 

The comparison has been tabulated in table 3. The comparison is based on simulation results with similar 

simulation parameters. The topologies selected are H5 of [4], H7 of [10] and the proposed topology. The H7 

topology aims to implement the same concept of isolation and clamping but the simulation results show poor 

THD and low efficiency. The proposed topology solves these problems. Furthermore, the topology is slightly 

superior in terms of THD and efficiency but has somewhat higher leakage current than in H5. 

Table 3: Comparison of Transformerless Inverter Topologies 

Topologies H5 H7 Proposed 

Switches 5 7 6 

Diodes 0 1 1 

Capacitors 2 3 3 

Inductors 2 2 2 

Common Mode 

Voltage Variation 
Low Low Lowest 

Common Mode 

Current 
59.59 mA 74.93 mA 76.34 mA 

Max. Efficiency 

(%) 
99.25 94.1 99.26 

Source Voltage 

Requirement 
VPV VPV VPV 

Switch Voltage 

Stress 
VPV VPV VPV 

THD (%) 0.58 28.37 0.48 

Cost Low High Low 

 

7.  Conclusion & Future Work 

The performance of the proposed topology has been found to be very satisfactory as it achieves low leakage 

current but along with low THD and high efficiency which are highly desirable characteristics in a power 

converter. The future work should be to make further modifications so as to further reduce the common mode 
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voltage variation. The spike of about 600mA appearing once every cycle in leakage current waveform as shown 

in fig. 5 should be attempted to be suppressed. It contributes majorly to the rms value of the leakage current. 

The method of achieving this can be through implementation of some other modulation techniques or by 

modifying the topology and introducing some additional components. 
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