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Abstract – This paper presents an improved transformerless 
inverter with common mode leakage current elimination for a 
photovoltaic grid connected power system by using inverse sine 
carrier pulse width modulation (ISPWM). To eliminate the 
common-mode leakage current in the transformerless 
photovoltaic grid-connected system, an improved single-phase 
inverter topology is presented. The improved  transformerless  
inverter  can sustain the same low input voltage as the full-bridge  
inverter and guarantee to  eliminating common-mode leakage 
current. The inverse sine carrier pulse width modulation 
(ISPWM) control strategy can be applied to implement  the 
presented inverter. The lower total harmonic distorsion and 
higher fundamental output voltage  are obtained by using the 
inverse sine carrier pulse width modulation (ISPWM). The 
maximum power point tracking (MPPT) is used to extract the 
maximum power form PV panel. The high efficiency and 
convenient thermal design are achieved thanks to the decoupling 
of two additional switches connected to the dc side of the 
inverter. 
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I. INTRODUCTION 
The gird-connected photovoltaic (PV) systems, especially  

the low-power single-phase systems, call for high efficiency, 
small size, light weight, and low-cost grid connected inverters. 
Most of the commercial PV inverters employ either line-
frequency or high-frequency isolation transformers. However, 
line-frequency transformers are large and heavy, making the 
whole system bulky and hard to install. Topologies with high-
frequency transformers commonly include several power 
stages, which increases the system complexity and reduces the 
system efficiency [1], [2]. 
    Consequently, the transformerless configuration for PV 
systems is developed to offer the advantages of small size, 
high efficiency, high power density, and low cost. 
Unfortunately, there are some safety issues because a galvanic 
connection between the grid and the PV array exists in the 
transformerless systems. A common-mode leakage current 
flows through the parasitic capacitor between the PV array 
and the ground [3]. The common-mode leakage current 
increases the system losses, reduces the grid-connected 
current quality, induces the severe conducted and radiated 

electromagnetic interference, and causes personal safety 
problems. 
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Fig. 1  Overall Block Diagram of the System       

    The improved transformerless inverter to minimize the 
common-mode leakage current and improve the efficiency, 
weight, and size of the whole PV grid-connected power 
system. In this paper, an improved grid-connected inverter 
topology for transformerless PV systems is presented, which 
can sustain the same low input voltage as the full-bridge 
inverter and guarantee not to generate the common-mode 
leakage current. Fig. 1 shows the overall block diagram of the 
system. The inverse sine carrier pulse width 
modulation(ISPWM) can be applied in the presented inverter. 
The lower total harmonic distorsion and higher fundamental 
output voltage  are obtained by using the inverse sine carrier 
pulse width modulation (ISPWM) [9]. Therefore, a smaller 
filter inductor can be employed and the harmonic contents of 
the output current are reduced greatly, and the grid-connected 
power quality is improved accordingly.  

II. CONDITION  OF  ELIMINATING   THE 
COMMON-MODE  LEAKAGE  CURRENT 

    Without an isolated transformer in the PV grid-connected 
power systems, there is a galvanic connection between the 
grid and the PV array, which may form a common-mode 
resonant circuit and induce the common-mode leakage 
current. The simplified equivalent model of the common-
mode resonant circuit has been derived in as shown in the Fig. 
2, where CPV is the parasitic capacitor, LA and LB are the filter 
inductors, icm is the common-mode leakage current. 
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Fig. 2  Simplified Equivalent Model of Common-mode Resonant Circuit 

    An equivalent common-mode voltage Vecm is defined by 
 

     푉 = 푉 + 																								(1)       
 
    where Vcm is the common-mode voltage, Vdm is the 
differential mode voltage, VAN and VBN are the output 
voltages of the inverter relative to the negative terminal N of 
the dc bus as the common reference 

   
     푉 		 	= 																																							(2) 

                          
 푉 	= 푉 = 	 푉 − 푉 																							(3) 

 
    It is clear that the common-mode leakage current icm is 
excited by the defined equivalent common-mode voltage 
Vecm.Therefore, the condition of eliminating common-mode 
leakage current is drawn that the equivalent common-mode 
voltage Vecm must be kept a constant as follows 
                           
																																						푉 = 푉 +  
 
                                        				= 	+ 	 		  

           
																		= 푐표푛푠푡푎푛푡																																						(4)                     

 
    One of the filter inductors LA and LB is commonly zero. 
The condition of eliminating common-mode leakage current is 
accordingly met that 
 
                                  	푉 = + 	 = 푉                                           

                                         
	= 푐표푛푠푡푎푛푡	(퐿 = 0)																				(5)  

 
                                 푉 = −	 = 푉 						 

 
                      	= 푐표푛푠푡푎푛푡	(퐿 = 0)																				(6) 

 
    As a result, the condition of eliminating common-mode 
leakage current is met that 
 

                         푉 = 푉 = 																										 
 

= 푐표푛푠푡푎푛푡	(퐿 = 퐿 )																		(7)                  

III. ISPWM TECHNIQUE 
    The modulation strategy employed in this paper is the 
inverted sine PWM (ISPWM) technique. In the conventional 
PWM method, triangular wave is used as carrier wherein they 
are replaced by inverted sine carrier waves in this model in 
Fig. 3. 
    

 
Fig . 3  Generation of pulse using ISPWM 

    The inverse sine carrier pulse width modulation (ISPWM) 
technique   has   a   better   spectral    quality   and    a higher 
fundamental component compared to the conventional 
sinusoidal PWM without any pulse dropping. Also, there is a 
reduction in the total harmonic distortion (THD).     
    An inverted sine wave of high switching frequency is taken 
as a carrier wave and is compared with that of the reference 
sine wave. The pulses are generated whenever the amplitude 
of the reference sine wave is greater than that of the inverted 
sine carrier wave [10]. PIC microcontroller is used to obtain 
the gating pattern for the individual IGBTS. The total 
harmonic distortion for the different values of switching 
frequencies is obtained and is found to be lesser than the 
conventional method. By employing this new modulation 
technique it has been proved that the fundamental voltage is 
improved throughout the working range and is greater than the 
voltage obtained using conventional method which employs 
triangular carriers for modulation. 

IV. BOOST CONVERTER AND MAXIMUM POWER 
POINT TRACKING 

    The boost converter has one controlled semiconductor 
switch and it is controlled by applying appropriate gating 
pulses. The turn off resistance of the switch is very much 
higher than the turn on resistance. Thus by varying the duty 
cycle of the gating pulse, the effective resistance offered by 
the circuit is varied. 
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 Fig. 4  Flow Chart of P& O Algorithm  

    The boost converter is placed right between the inverter and 
the PV panel to ensure maximum power transfer. The 
resistance of the circuit as seen from the PV panel must be 
equal to the internal resistance of the PV module for 
maximum power transfer.  The duty cycle of the boost 
converter is adjusted in such a way that maximum power is 
transferred from the module to the output terminal. 
    The performance of the PV panel depends highly on the 
environmental conditions which vary throughout the day. The 
efficiency of the PV panel is very less and hence it becomes 
necessary to extract the maximum power from the panel by 
shifting the operating point to the maximum power point. The 
operating point of the PV panel is fixed by the load resistance. 
Perturb and observe (P&O) algorithm is adopted in this work 
due to its simplicity. In this algorithm, a perturbation is made 
on the PV panel operating point to force tracking in the 
direction towards maximum power point [7]. The flowchart of 
the P& O algorithm is shown in Fig.4. 
    The voltage and current of the PV panel are measured after 
one perturbation and the power is calculated. This is then 
compared with the previous value of power and the difference 
ΔP (ΔP =P k –Pk-1) is calculated. If ΔP is positive, 
perturbation is continued in the same direction. For negative 
values of ΔP, the direction of perturbation is reversed. 

V. IMPROVED TRANSFORMERLESS INVERTER 
TOPOLOGY 

    Fig. 5 shows the improved grid-connected inverter 
topology, which can meet the condition of eliminating 
common-mode leakage current. In this topology, two 
additional switches S5 and S6 are symmetrically added to the 
conventional full-bridge inverter, and the inverse sine carrier 
pulse width modulation strategy applied to the inverter and 
output can be achieved. 
 

    
Fig. 5  Improved Transformerless Inverter Topology  

    The full- bridge inverter with inverse sine carrier pulse 
width modulation, the improved inverter has one phase leg 
including S1 and S2 operating at the grid frequency, and 
another phase leg including S3 and S4 commutating at the 
switching frequency. Two additional switches S5 and S6 
commutate alternately at the grid frequency and the switching 
frequency to achieve the dc-decoupling states. Accordingly, 
four operation modes that generate the voltage states of +Vdc, 
0, -Vdc are shown in Fig. 6. 

A. Operating Modes of Improved Transformerless Inverter 
Mode 1: when S4 and S5 are ON, VAB = +Vdc and the inductor 
current increases through the switches S5 , S1 , S4 , and S6 .  
    The common-mode voltage is 
 
                                   푉 = 	(	푉 + 푉 )    
 

                        = 	(	푉 + 0) = 																					(8)  
 

Mode 2: when S4 and S5 are turned OFF, the voltage VAN 
falls and VBN  rises until their values are equal, and the 
antiparallel diode of S3 conducts. Therefore, VAB = 0V and 
the inductor current decreases through the switch S1 and the 
antiparallel diode of S3 . 
    The common-mode voltage changes into 
 
                                     푉 = 	(	푉 + 푉 ) 
 

                        = 	 	+ = 																		(9) 
 
Mode 3: when S3 and S6 are ON, VAB = - Vdc and the inductor 
current increases reversely through the switches S5 , S3 , S2 , 
and S6. 
    The common-mode voltage becomes 
 
                                   푉 = 	(	푉 + 푉 ) 
 

                       = 	 0	+ = 																		(10) 
 
Mode 4: when S3 and S6 are turned OFF, the voltage VAN  
rises and VBN falls until their values are equal, and the 
antiparallel diode of S4 conducts. Similar as to Mode 2, VAB = 
0V and the inductor current decreases through the switch S2 
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and the antiparallel diode of S4 . The common-mode voltage 
Vcm also keeps Vdc/2 referring to (9). From (8) to (10) the 
common-mode voltage can remain a constant Vdc/2 during 
the four commutation modes in the improved inverter with 
inverse sine carrier pulse width modulation. 

 

 

 

 
Fig. 6  Modes of Operation of the Improved Transformerless Inverter with 

ISPWM (a) Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4. 

B. Simulation and Waveforms          
    In order to verify the theoretical analysis in previous 
sections, The system is simulated, having the frame of the 
panels connected to ground with the parasitic capacitance of 
75 nF. The detailed components and parameters used are as 
follows: input voltage, Vdc = 220V; input capacitor, Cdc= 940 
µF; grid voltage, Ug =220Vac ; grid frequency, fg =50 Hz; 

switch frequency, fs = 20 kHz; filter inductor, Lf = 4 mH; 
parasitic capacitor, CPV = 75 nF; power switches, S1–S6 = 
IRGB4056DPbF; junction capacitors of the switches, C1–C5 : 
29 pF. 

TABLE I 

 PARAMETERS OF IMPROVED TRANSFORMERLESS INVERTER 
TOPOLOGY  

SI.no Parameter Value 

1 Input voltage, Vdc 220 V 

2 Input capacitor, Cdc 940 µF 

3 Filter inductor, Lf 1 mH 

4 Parasitic capacitor,CPV 75 nF 

5 Power switches, S1-S6 IRGB4056DPbF 

6 Junction capacitors of the 
switches, C1–C5 

29 pF 

7 Grid voltage, Ug 220 V 

8 Grid frequency, fg 50 Hz 

9 Switch frequency, fs 20 kHz 

 
    The simulated results by employing the inverse sine carrier 
pulse width modulation when the junction capacitances of six 
switches are equal. Fig. 8 shows the Simulation Diagram of 
Improved Transformerless Inverter for PV Grid Connected 
System. The input DC voltage is applied to the improved 
transformerless inverter. The inverter converted the DC 
supply to AC supply. This AC supply is filtered by the 
inductor. This filter output AC supply is connected to the grid. 
The six switches are control in the inverse sine carrier pulse 
width modulation. 

1) Improved Transformerless Inverter Output Voltage: 

 
Fig. 7  Output Voltage of Improved Transformerless Inverter by ISPWM 

2) Grid Voltage: 
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Fig. 8  Grid Voltage (Vg) 

3) Grid Current: 

 
Fig. 9  Grid Current (ig) 

    Fig. 7 shows the Output Voltage of Improved 
Transformerless Inverter by ISPWM. The 220V output 
voltage is taken from the inverter. Fig. 8 shows the Grid 
Voltage (Vg). Fig. 9 shows the Grid Current (ig). The grid 
current waveform is sinusoidal. The harmonics is low. The 
leakage ground current is high value in inverter. Fig. 10 shows 
the Leakage Ground Current of the Normal 
Transformermerless Inverter. Fig. 11 shows the Leakage 
Ground Current of the Improved Transformerless Inverter. 
Fig. 12 shows the Harmonic Profile by Unipolar Sinusoidal 
PWM. Fig. 13 shows the Harmonic Profile by Inverse Sine 
Carrier PWM. 

4) Leakage Ground Current of the Normal Transformerless 
Inverter: 

 
Fig. 10  Leakage Ground Current of the Normal Transformerless Inverter 

5) Leakage Ground Current of the Improved Transforerless 
Inverter: 

 
Fig. 11  Leakage Ground Current of the Improved Transformerless Inverter 

    Therefore, to accord with the value principle of the junction 
capacitors under the inverse sine carrier pulse width 
modulation, two additional capacitors with the values of 29 pF 
are, respectively, paralleled to S3 and S4. It is clear that the 
grid-connected current is highly sinusoidal synchronized with 
the grid voltage by achieving the output. The common-mode 
leakage ground current is almost zero since VAN and VBN are 
fully complementary in the switching periods. The common-
mode leakage ground current icm is successfully limited within 
a very small value. The total harmonic distortion (THD) is 
lower value from the inverse sine carrier pulse width 
modulation. As it can be seen, the proposed ISPWM 
technique has always lower THD than the conventional 
SPWM. The high grid connected current quality is obtained in 
the system. The fundamental output voltage is higher than the 
unipolar sinusoidal pulse width modulation. It has a better 
spectral quality and a higher fundamental component 
compared to the conventional sinusoidal PWM (SPWM) 
without any pulse dropping. 
    By employing this new technique it has been proved that 
the fundamental voltage is improved throughout the working 
range and is greater than the voltage obtained using unipolar 
sinusoidal pulse width modulation. The inverse sine carrier 
pulse width modulation is applied improve the performance of 
the inverter. The capability of ISPWM scheme for improving 
frequency spectrum. 

6) Harmonic Profile by Unipolar Sinusoidal PWM: 

 
Fig. 12  Harmonic Profile by Unipolar Sinusoidal PWM 

7) Harmonic Profile by Inverse Sine Carrier PWM: 
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Fig. 13  Harmonic Profile by Inverse Sine Carrier PWM 

    In addition to this, switching losses and THD are also lower 
compared to the conventional PWM technique. The maximum 
power point tracking(MPPT) is used to extract the maximum 
power from the PV panel. 

VI. CONCLUSION 
    This paper presented an improved grid-connected inverter 
topology for transformerless PV systems. The inverse sine 
carrier pulse width modulation control strategy can be applied 
to implement the presented inverter, which can guarantee not 
to generate the common-mode leakage current because the 
condition of eliminating common-mode leakage current is met 
completely. The high efficiency and convenient thermal 
design are achieved thanks to the decoupling of two additional 
switches connected to the dc side of the inverter. Moreover, 
the lower total harmonic distortion(THD) and higher 
fundamental output voltage are obtained by inverse sine 
carrier pulse width modulation(ISPWM). The smaller filter 
inductors are employed and the copper losses and core losses 
are reduced accordingly. 
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