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Abstract 

 

This paper deals with various transformerless PV Inverter topologies with MPPT and low leakage current. Transformerless 

inverters are widely used in grid-tied photovoltaic (PV) generation systems, due to the benefits of achieving high efficiency and 

low cost. For PV panels, due to parasitic capacitance there will be some leakage current. So there is a strong trend in the 

photovoltaic inverter technology to use transformerless topologies in order to acquire higher efficiencies combining with very 

low ground leakage current. The major task of this work is the investigation and verification of transformerless topologies and 

control strategies to minimize the leakage current of PV inverter topologies in order to comply with the standard requirements 

and make them safe for human interaction. Simulations were done using Matlab/Simulink. High conversion efficiency and low 

leakage current are demonstrated. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The need for a cleaner environment and the continuous increase in power demands makes decentralized renewable energy 

production, like solar and wind, more and more interesting. Decentralized energy production using solar energy could be a 

solution for balancing the continuously-increasing power demands. This continuously increasing consumption overloads the 

distribution grids as well as the power stations, therefore having a negative impact on power availability, security and quality. 

One of the solutions for overcoming this is the grid-connected photovoltaic (PV) system. PV inverter systems can be improved in 

terms of efficiency using transformerless topologies, but new problems related to leakage current need to be dealt with. 

Photovoltaic (PV) inverters become more and more widespread within both private and commercial circles[2]. This thesis deals 

with analyzing and modeling of transformerless PV inverter systems regarding the leakage current phenomenon that can damage 

solar panels and pose safety problems. The major task of this work is the investigation and verification of transformerless 

topologies and control strategies to minimize the leakage current of PV inverter topologies in order to comply with the standard 

requirements and make them safe for human interaction. 

Transformerless PV inverters use different solutions to minimize the leakage ground current and improve the efficiency of the 

whole system.[2]. In order to minimize the ground leakage current through the parasitic capacitance of the PV array, several 

techniques have been used[8]. One of them is to connect the midpoint of the dc-link capacitors to the neutral of the grid,neutral 

point clamped (NPC), or three-phase full bridge with a split capacitor topology, thereby continuously clamping the PV array to 

the neutral connector of the utility grid[3]. Furthermore, the topology reduces the dc current injection, which is an important 

issue in the case of transformerless topologies and is limited by different standards. In this paper different transformerless PV 

inverter topologies such as HERIC(High Efficient and Reliable Inverter Concept), H5 and the proposed topology are analysed. 

II. MPPT TECHNIQUE- INCREMENTAL CONDUCTANCE METHOD 

The theory of the incremental conductance method is to determine the variation direction of the terminal voltage for PV modules 

by measuring and comparing the incremental conductance and instantaneous conductance of PV modules. The incremental 

conductance (INC) method is based on the fact that the slope of the PV array power curve is zero at the MPP also positive on the 

left of the MPP and negative on the right. If the value of incremental conductance is equal to that of instantaneous conductance, 

it represents that the maximum power point is found When the operating behavior of PV modules is within the constant current 

area, the output power is proportional to the terminal voltage. That means the output power increases linearly with the increasing 

terminal voltage of PV modules (slope of thepower curve is positive, dP/dV > 0). When the operating point of PV modules 

passes through the maximum power point, its operating behavior is similar to constant voltage. 

The IC uses a search technique that changes a reference or a duty cycle so that VPV changes and searches for the condition 

and at that condition the maximum power point has been found and searching will stop. The IC will continue to calculate dIPV 

until the result is no longer zero. At that time, the search is started again. In some cases, a non-zero value is used for comparison 

so the search will not be triggered by noise. 
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When the left side is greater than zero, the search will increment VPV. When the left side is less than zero, the search will 

decrement VPV. Incremental Conductance (IC) is good for conditions of rapidly varying irradiance. However, noise may cause 

continuous searching so some amount of noise reduction may be needed Therefore, the output power decreases linearly with the 

increasing terminal voltage of PV modules (slope of the power curve is negative, dP/dV < 0). When the operating point of PV 

modules is exactly on the maximum power point, the slope of the power curve is zero (dP/dV = 0)    

 
Fig. 1: Flow Chart for Incremental Conductance Method 

III. TRANSFORMERLESS TOPOLOGY ANALYSIS 

The common-mode voltage generated by a topology and modulation strategy can greatly influence the ground leakage current 

that flows through the parasitic capacitance of the PV array[2]. In the case of simulations, only a resistive load is used, and the 

common-mode voltage is measured between the dc+ terminal of the dc source and the grounded middle point of the resistor. In 

the following, simulation results obtained using Matlab/Simulink are shown. Figure.2 shows the basic block diagram for PV 

inverter 

 
Fig. 2: Basic Block Diagram 

A. HERIC Topology 

To keep the high efficiency and all the advantages given by the unipolar PWM, and low current distortion in case of the 

hysteresis current control, the H-Bridge topology has been modified as the Highly Efficient and Reliable Inverter Concept 

(HERIC) using unipolar hysteresis current control. The topology includes two extra switches (S5-S6) each connected in series 

with a diode. During the zero voltage vector, depending on the sign of the reference voltage, either S5 or S6 are turned ON, 

while S1, S2, S3 and S4 are all in their OFF state and the PV array is disconnected from the grid, as shown in Fig.3. This way 

there is a possibility of achieving the zero voltage vector and the output voltage will be unipolar, having the same frequency as 

the switching frequency and there will be no high frequency fluctuations present at the DC terminals of the PV array. 
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Furthermore, the efficiency of the inverter is still kept high, because during the freewheeling period, the load current is short-

circuited through S5 or S6, depending on the sign of the grid current[2] 

During the positive half-wave of the load (or grid) voltage, S6 is switched ON and is used during the freewheeling period of 

S1 and S4 as shown in fig 3.On the other hand, during the negative half-wave S5 is switched ON and is used during the 

freewheeling period of S2 and S3 

 
Fig. 3: HERIC topology 

This way, using S5 or S6 as detailed in the zero voltage vector is realized by short-circuiting the output of the inverter, and 

during this period the PV array is separated from the grid, because S1-S4 or S2-S3 are turned OFF. the inverter generates no 

common-mode voltage. the output voltage of the inverter has three levels and the load current ripple is very small, although, in 

this case, the frequency of the current is equal to the switching frequency. The inverter generates no common-mode voltage; 

therefore, the leakage current through the parasitic capacitance of the PV would be very small[5]. Also the load current is sensed 

and compared with the sinusoidal signal to generate gate pulses so that the current distortion is very low 

B. H5 Topology 

This topology is based on the full bridge with an extra switch on the DC side. T1 and T3 are switched with the grid frequency; 

T1 is continuously ON during the positive half, while T3 is continuously ON during the negative half of the reference voltage. 

To make the positive voltage vector, T5 and T4 are switched simultaneously with high frequency, while T1 is ON and the 

current will flow through T5-T1 returning through T4.  

During the zero voltage vector, T5 and T4 are turned OFF and the freewheeling current finds its path through T1-T3, as 

detailed in Fig. 4. The negative voltage vector is done by switching T5 and T2 simultaneously with high frequency, while T3 is 

ON, during the corresponding half period of the reference voltage and the current will flow through T5-T3 returning through T2 

The voltage to ground of the PV array terminals will only have a sinusoidal shape. This topology has two main disadvantages. 

The first one is the high conduction losses due to the fact that three switches operate simultaneously. The second one is that the 

reactive power flow is not possible due to the control strategy. 

The common-mode behavior of the H5 topology is similar to the H-Bridge with bipolar PWM. The voltage to ground of the 

PV array terminals will only have a sinusoidal shape, while having the same high conversion efficiency as the H-Bridge with 

unipolar switching. Based on these results it can be stated that the H5 topology is suitable for trans-formerless PV systems. 

Unipolar output voltage is achieved by disconnecting the PV array from the grid during the period of the zero voltage vector, 

using a method called DC decoupling. 

 
Fig. 4: H5 Topology 
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C. Proposed Topology 

For generating the zero voltage vector can be done using a bidirectional switch made of 1 IGBT and 1 diode bridge. The 

topology is detailed in Fig.5, showing the bidirectional switch, as an auxiliary component. 

During the positive half wave S1-S4 is used to generate the active vector, supplying a positive voltage to the load. The zero-

voltage state is achieved by turning on S5 when S1 and S4 are turned off. The gate signal for S5 will be the complementary gate 

signal of S1 and S4, with a small deadtime to avoid short-circuiting the input capacitor. By using S5, it is possible for the grid 

current to flow in both directions; this way, the inverter can also feed reactive power to the grid, if necessary. 

 
Fig. 5: Proposed Topology 

During the negative half wave of the load voltage, S2- S3 are used to generate the active vector and S5 is controlled using the 

complementary signal of S2-S3 and generates the zero voltage state, by short-circuiting the outputs of the inverter. 

In this topology does not generate a varying common-mode voltage, Vcm has been calculated for the switching states 

regarding the positive, zero, and negative vectors. 

IV. RESULTS AND DISCUSSION 

A. HERIC Topology 

The simulated results is shown in figure 6. Here two bidirectional switches are used. Thus a zero vector is introduced and hence 

leakage current is less. Also the current distortion is also reduced.  

 
Fig. 6: Simulation results for HERIC topology 

B. H5 Topology 

The simulated results is shown in figure 7. Here the leakage current and the current distortion is very much reduced than the 

previous topology. 



MPPT based New Transformer Less PV      Inverter Topology with Low Leakage Current  
(IJIRST/ Volume 1 / Issue 12 / 099) 

 

 
All rights reserved by www.ijirst.org 605 

 
Fig. 7: Simulation results for H5 topology 

C. Proposed Topology 

The simulated results is shown in fig.8. Here the leakage current and the current distortion is very much reduced than the 

previous topologies and high efficiency is obtained. 

 
Fig. 8: Simulation results for proposed topology 

V. COMPARISON OF RESULTS 

Table -1 

Comparison of Results 

Topology Voltage to ground Leakage  current 

HERIC 280V 1A 

H5 200V 0.2A 

Modified topology 130V 1mA 

The table 1 shows the comparison of results of simulations for PV inverter topologies. The output parameters are compared. 

From the comparison of results it is known that proposed topology has greatest efficiency with low leakage current low current 

distortion. 

VI. CONCLUSION 

Transformerless inverters offer a better efficiency, compared to those inverters that have a galvanic isolation. On the other hand, 

in case the transformer is omitted, the generated common-mode behavior of the inverter topology greatly influences the ground 

leakage current through the parasitic capacitance of the PV. This paper presented a comparison of high efficiency PV inverter 

topologies using unipolar hysteresis current control technique.. This paper has analysed a transformerless topology and given an 

alternative solution for switching. The work presented in this paper deals with analyzing and  of different transformerless PV 

inverter systems regarding the leakage current phenomenon that can damage solar panels and pose human safety risks. The major 

task of this paper was the investigation and verification of transformerless topologies and control strategies that would minimize 
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the leakage current of PV inverter topologies in order to comply with the standard requirements and make them safe for human 

interaction. The constant common-mode voltage of the proposed topology and its high efficiency make it an attractive solution 

for transformerless PV applications 
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