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Abstract— The demand of the electrical energy is increasing 

day by day. So there is a need of increasing the efficient 

management of generation, transmission, distribution of 

electrical energy. Due to this the traditional electrical power 

systems are changing rapidly. The use of power electronics is 

increasing day by day such as inverters. For the photovoltaic 

application, the transformer can be removed in the inverters. 

But these introduce the leakage currents in the system. This 

paper gives the review of various inverters topologies to 

reduce the leakage currents. Their significance, experimental 

results are analyzed.     
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I. INTRODUCTION 

 

The electrical energy is the most efficient form of energy than 

all other energies. The use of electrical energy is increasing 

tremendously. For the efficient management of electrical 

energy, the power systems are changing and use of power 

electronics is increased in both renewable and non-renewable 

energy sources. Now days the use of renewable energy 

sources is increased because they are inexhaustible. But there 

are certain disadvantages of renewable energy such as higher 

costs e.g. photovoltaic applications. The uncontrollability of 

the photovoltaic application is also the main issue and also 

the amount of electrical energy produced is also depends on 

the days and seasons. But the power demand of the 

consumers is much different than the energy produced. Thus 

the efficient way of exploiting the renewable energy is the use 

of the grid connection frequently at the distribution end [1]-

[4]. 

The renewable energy sources, such as fuel cell, 

photovoltaic devices, wind turbines produces low voltages 

[5]. Hence we need a dc-dc boost converter to achieve the 

voltage level for the inverters of the grid connection. 

Normally most of the commercial converters for renewable 

energy applications contain a transformer, due to which we 

can select suitable input dc voltage for the inverter and it also 

provide the galvanic isolation between the energy source and 

the utility grid [1]. Inverters including transformers can use 

either a line frequency or high frequency transformers. The 

line frequency transformer has more size, weight, and also a 

higher cost and makes the whole system bulky and it becomes 

difficult to install. On the contrary the high frequency 

transformers are having low cost, weight and also a reduced 

size. But with these transformers, the power stages are 

increased and make the system complex and reduce 

efficiency. 

In order to overcome difficulties these difficulties, 

the transformerless inverters are designed. With the use of 

transformerless inverters, high efficiency up to 97% to 98% 

can be achieved [1], which is very useful mostly for the 

distributed power generation systems. And also after 

removing the transformer, there is reduction cost, size, and 

weight of the system and also complexity of the system 

reduces. However the isolation capability of system is to be 

considered after removing the transformer. Thus the 

photovoltaic panels must be grounded [6]. When PV panels 

are grounded, the parasitic capacitances are introduced in the 

system. Because of the capacitances between the metal parts 

and the ground the potential differences due switching actions 

of the inverters injects a capacitive ground current. Due to 

purpose of high efficiency, the ground capacitance damping 

is very small. Hence the amplitude of ground current is very 

large. On the basis of the topology and switching patterns the 

ground current can cause serious electromagnetic 

interference [2, 7, 9].  

II. GROUND CURRENT IN AC SYSTEM 

Ground current is the current which flows from the protective 

ground current to ground. If the protective ground conductor 

is absent then it is directly flows to ground. Electrical system 

generally has the earthing to provide the protection from 

shock hazards if there is an insulation failure. 

 
Fig. 1: Common mode currents in a transformerless 

conversion stage [9]. 

Figure 1 shows the typical leakage current path in 

the transformerless inverters. If there is insulation failure 

between the power line and the touchable conductive path, 

voltage is shunted to ground. The resulting current will open 

the circuit breaker to prevent the hazards due to shock. The 

resultant severances of shock may be increased due to 

leakage current. This may lead to fatal shock. The leakage 

current is caused by a parallel combination of capacitance and 

the dc resistance between a voltage and conductive parts 

which are grounded. This paper gives the various topologies 

and significances are analyzed. 

II. DIFFERENT INVERTER TOPOLOGIES 

In this section, the various topologies are proposed based on 

full bridge topology. The topologies are used for eliminating 

ground current which are the substitute of usual full bridge 

transformerless inverters. 
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A. Full Bridge inverter topology 

 
Fig.2.Full bridge inverter. 

 Figure 2 shows the typical single stage dc to ac 

converter that is mostly used in PV inverters [8] .Both 

unipolar and bipolar PWM techniques can be used for these 

inverters which are depends on shape of the output waveform. 

 Inverters with the line frequency transformer the unipolar 

PWM techniques are mostly used. In this case, the switch S4 

is on during the positive half cycle and switches S2 and S1 

commutate at the switching frequency. The switch S2 is on 

during negative part of the cycle and switches S3 and S4 

commutate at the switching frequency. In the unipolar 

modulation , ripple current is significantly less because of the 

three level switching pattern which reduces the requirement 

of the filter .There are lower switching losses and also 

reduced electromagnetic emissions. 

For the bipolar PWM, switch S1-S4 and switch S2-

S3 which is diagonal pairs of switches which switched 

alternatively at the switching property. For the bipolar PWM 

the switching losses are increased. For both the modulation 

PV module voltage is 400 V, and switching frequency is 5 

kHz. 

 
Fig. 3: Voltage Vab, Inductor current and common- mode 

voltage in a full bridge inverter with unipolar PWM [9]. 

 
Fig. 4: Voltage Vab, Inductor current and common mode 

voltage in a full bridge inverter with bipolar PWM. [9] 

B. H6 topology 

This is the topology proposed in reference [8]. 

Which consist of six switches namely S1 to S6 and two 

diodes D7 and D8 and two capacitors parallel to Vpv divides 

the voltage to half. Inverter connected to the grid for the PV 

systems usually operate with unity power factor. This 

topology can be operating with different power factors. 

 
Fig. 5:  H6 topology [9] 

For the positive half cycle S1 and  S4 are on ,while 

S5 and S6 commutate at the switching frequency with same 

commutation orders with S5 and S6 ,the switches S2 and S3 

commutate at the switching frequency and they are 

complementary to S5 and S6. For this condition when 

switches S5 and S6 are on, Vab =Vpv and inductor current 

increases which flows through S5, S1, S4 and S6. Thus the 

common mode voltage is given by, 

Vcm= (Vao + Vbo)/2                                           (1) 

But, Vab =Vpv 

Therefore, Vcm = (Vpv+0)/2=Vpv/2                   )2( 

Now when the switches S5 and S6 are turned off and 

switches S2 and S3 are turned on, the current divide into two 

paths i.e. through S1 and freewheeling diode of S3 , and S4 

and freewheeling diode of S2.Thus S2 and S3 are turned on 

with no current therefore there is no switching losses. For this 

situation, Vab and Vcd tend to zero and diodesD7 and D8 limit 

the voltages Vao and Vbo to Vpv/2.Since the current decreases 

due to voltage Vab is clamped to zero. 

Thus common mode voltage is  

Vao =Vbo=Vpv/2→Vcm =Vpv/2                           (3) 

Next in the negative cycle, S2 and S3 are on. Again 

as in the positive cycle, S5 and S6 commutate at the switching 

frequency to modulate input voltage. Switches S1 and S4 are 

commutating at the switching frequency together and are 

complementary to S5 and S6. In this situation when S5 and 

S6 are on the Vab equals to –Vpv and decreasing inductor 

current flows through S5, S3, S2 and S6. 

Thus Vcm = (Vao +Vbo) /2 = (0 +Vpv) /2            (4) 

Now in the negative half cycle when S5 and S6 are 

off ,then current divides into two paths ,first is S3 and 

freewheeling diode of S1, and second is S2 and freewheeling 

diode of S4.Thus S1 and S4 are turned on with no current so 

there are no switching losses. In this condition, Vab and Vcd 

tend to zero and diodes D7 and D8 limit the voltages Vao and 

Vbo to Vpv/2. The current decreases due to Vab clamped to 

zero. 

Thus Vcm =Vao =Vbo= Vpv /2                           (5) 

From the above discussion the common mode 

voltage remain constant during all four commutation states of 

converter. Thus the common mode voltages is constant the no 

leakage current appears [8]. 
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C. oH5 Topology 

 
(a) Power processing mode in positive half period. 

 
(b) Freewheeling mode in positive half period. 

 
(c) Power processing mode in negative half period. 

 
(d) Freewheeling mode in negative half period. 

Fig. 6:Different circuits of working mode of oH5 topology 

[2]. 

A modified topology also contains six switches and 

two capacitors. The two switches S1 and S2 and two 

capacitors are added extra to full bridge inverter. The S1 and 

S2 switches are high frequency switches at the positive 

terminal of the solar cell array. The two inductors L1 and L2 

and C, makes the filter switch is connected to the grid. S3 and 

S5 provide the freewheeling path when S1, S4 and S6 off, 

which guarantees the potential of point 1, 3, 4 are equal and 

are clamped to the potential of point 2 by using switch S2 

[10]. 

The grid connected inverters normally work on 

unity power factor [11, 12]. As previously said freewheeling 

path is completely clamped, there is complementary 

switching of S1 and S2 then S2, S3 and S5 must be on and 

switches S1, S4 and S6 are off in the zero crossing of current. 

The operation modes are as shown in the figure 6 [2].  

The power processing and freewheeling modes in 

the positive and negative half period of the grid current are as 

shown in the figure 6. This topology can be used for other 

than unity power factor. 

III. EXPERIMENTAL RESULTS 

For the full bridge topology, the 16 BPMSX120 PV panels, a 

full bridge voltage source inverter and an LCL grid filter is 

used, power capacity of each panel is 120 W and open circuit 

voltage is 42.1 V. The capacitor used is 915 µF an electrolytic 

capacitor for power decoupling between PV modules and 

single phase grid. The filter contain Cf =2.2 µF, LF = 1426µH, 

Li = 713 µH and switching frequency is 20 KHz. Therefore 

for unipolar PWM switching frequency is 10 KHz. The main 

PV control algorithm was implemented using dSPACE 

DS1103 platform [13]. 

 
Fig. 7: The grid voltage and injected grid current [2]. 

The fig 7 shows the grid voltage and the grid current 

waveform when system supplying 1.26 kW to the grid. The 

ground voltage and the ground currents are measured with 

unipolar and bipolar modulations. For the bipolar modulation 

ground voltage waveform has amplitude Vac /2 at line 

frequency. For unipolar ground current is much higher [14]. 

In the H6 full bridge topology, the bipolar PWM is used. The 

input voltage is used between 350 – 800 V, grid voltage is 

230 V, a rated power is 5 kW and switching frequency is 16 

kHz and inductance of 3mH. 
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(a) The voltage (VAB), output current ig and common mode 

voltage Vcm for grid period. 

 

 
(b) The voltages VAO and VBO and common mode voltage 

Vcm for some switching period. 

Fig. 8: Experimental results of  H6 topology [8]. 

Fig (a) shows the voltage (VAB), output current ig 

and common mode voltage Vcm for grid period and (b) shows 

the voltages VAO and VBO and common mode voltage Vcm for 

some switching period for positive cycle. The efficiency is 

97.4 %. 

Now the specification of oH5 topology is given in table I [10]. 

Parameters Value 

Input Voltage 340 – 700 DC 

Grid voltage /frequency 240V AC /50 Hz 

Rated power 1000 W 

Switching frequency 20 KHz 

DC – bus capacitor Cdc1, Cdc2 470 µF/400V 

MOSFET S1 – S6 IXFN36N100 

Filter inductor L1,L2 4mH 

Filter capacitor C1 6.6 µF 

Common mode inductor LCM 

Core:2*2W– 43615 –

TC 

Wire:2mm 

Turns:10+10 

Common–mode capacitor 

CY1,CY2 

2.2 nF 

 

PV parasitic capacitor Cpv1 , 

Cpv2 
0.1µ F 

Table .1 Parameters of the oH5 topology 

 The common mode voltage and ground currents are 

given in fig 9 [11]. 

 
(a)The common mode voltage 

 
(b) Ground current 

Fig. 9: The common mode voltage and ground currents of 

the oH5 inverter [10] 

The ground current value for H6 topology is 0.7 mA and that 

of oH5 is 1.0 mA.  

IV. CONCLUSION 

In this paper we studied the different topologies. The first in 

the full bridge topology we measured the ground for both 

unipolar and bipolar modulation technique. For unipolar 

modulation, there are less switching losses and 

electromagnetic emissions. For H6 topology generates no 

common mode voltage and has high efficiency and operates 

with any power factor. The maximum efficiency is 97.4 % 

and suitable for 5 kW. 

For oH5 topology common mode voltage is 

maintained constant and current can be reduced well. Good 

differential mode characteristics can be achieved with 

unipolar SPWM. These are mostly suitable for high power 

single phase grid connected system. 

So these full bridge transformerless topologies are the good 

solution for single phase grid connected inverters.       
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