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Abstract— This project presents a new transformerless 

inverter which is based on the charge pump circuit 

conception, which removes a leakage current of the grid-tied 

photovoltaic system by means of unipolar sinusoidal pulse 

width modulation (SPWM) technique. Proposed topology 

consist of only four power switches (S1 to S4), two capacitors 

(C1, C2) and two diodes (D1, D2) forms the charge pump 

circuit and an LCL-filter which is used to remove the 

harmonics of output current. The charge pump circuit in the 

transformerless inverter has following characteristics for 

grid-tied applications (1) This circuit has a common line with 

the negative terminal of the input dc voltage and the neutral 

point of the grid that causes the leakage current to be 

eliminate (2) The charge pump circuit has no active device 

and it has a lower cost for grid tied applications. A description 

of the operating principle and analysis of the proposed 

inverter are presented. Experimental results are presented to 

confirm both the theoretical analysis and the concept of the 

proposed inverter. The obtained results clearly validate the 

performance of the proposed inverter. 
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I. INTRODUCTION 

As renewable energy sources is very popular in now a days 

since with its advantages like no emission, less maintenance 

and are abundant in nature, so these playing a significant role 

in a system. Among all the renewable energy solar is playing 

important role in power system as a part of electrical grid 

because once it is installed the operation has no pollution and 

there is no greenhouse effect. Photovoltaic is the third 

renewable energy source in the view of global capacity. 

Photovoltaic system requires PV panels which contain 

number of solar cells. PV installations could be roof mounted, 

ground mounted and wall mounted. Conversion efficiency is 

the main factor in selection of photovoltaic cells, efficient 

solar panels were quite expensive and hence the selection of 

photovoltaic system is also effected by cost efficiency and 

some other factors. So for transferring generated dc from PV 

system into grid it needs an inverter which converts dc to ac, 

since grid is an ac. But a large stray capacitor between the 

ground and PV panels generates a leakage current which will 

lead to electric shock and reduces the efficiency of the 

system. Hence transformer are used to provide a galvanic 

isolation but it exhibits some of the unacceptable properties 

like high cost, weight and large size thus removing a 

transformer is a great advantage to develop the total 

efficiency of the system thus minimize weight and size. But 

one of the problems in transformerless grid connected PV 

approach is galvanic coupling between PV and grid system 

that create leakage current issues. Many topologies like 

Neutral Point Clamped, H5, Active NPC and etc were 

introduced for transformerless grid connected inverter to 

minimize the leakage current with turn off of grid from PV 

throughout freewheeling operation.  Although the topologies 

were not completely free from leakage currents (common 

mode current). Due to parasitic capacitor and stray capacitor 

among PV panel and ground there still occur a leakage 

current, so these topologies needs filter inductor which may 

be two or more to minimize leakage current which cause an 

increase volume and cost of the system. 

Fig. 1 shows a single phase grid connected 

transformerless inverter with a common mode current 

pathway, where P and N are positive and negative ends of PV, 

respectively. The leakage current (iLeakage) flows along the 

inverter, grid, parasitic capacitor (CP) among the filters (L1 

and L2) and ground impedance (zg). The leakage current may 

affect safety problems and decrease the quality of insertion 

current to grid and also reduces the system efficiency. 

 
Fig. 1: Block Diagram of Single-Phase Grid Connected 

Transformerless Inverter with a Leakage Current Path 

So to remove the leakage current the common mode 

voltage (vcm) must be keep constant throughout all operation 

modes. The vcm with two inductor filters is calculated as 

vcm =
vAn + vBn

2
+
(vAn − vBn)(L1 − L2)

2(L1 + L2)
 

When L1 is not equal to L2 (L1≠L2), asymmetrical 

inductor then vcm is determined according above equation and 

the leakage current appear due to varying common mode 

voltage. If L1 and L2 are equal (L1=L2) which is a 

symmetrical inductor, in this state the leakage current is 

removed and common mode voltage is kept constant. Then 

vcm is calculated as 

vcm =
vAn + vBn

2
 

II. PROPOSED TOPOLOGY 

As shown in Fig. 2, the proposed topology includes of four power 

switches (S1 to S4), two capacitors (C1, C2), two diodes (D1, D2) 

forms the charge pump circuit and an LCL-filter which is used to 

remove the harmonics of output current. The new topology is 

presented using simple SPWM. The proposed inverter is divided 

in four regions according to direction of the inverter output current 

and output voltage 
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Fig. 2: Proposed Single Phase Transformerless Grid Connected 

Inverter 

 
Fig. 3: Switching Pattern of the Proposed Topology 

The four different regions can be define as 

1) Region I: If the inverter output voltage and output current 

are positive the energy will transfer from dc side to grid 

side as shown in Fig. 4(a). 

2) Region II: If the inverter output voltage is negative and 

output current is positive the energy will transfer from a 

grid side to dc link as shown in Fig. 4(c). 

3) Region III: If the inverter output voltage and output 

current are negative the energy is transfer from dc link to 

grid side as shown in Fig. 4(e). 

4) Region IV: If the inverter output voltage is positive and 

output current is negative, energy is transfer from grid 

side to dc side as shown in Fig. 4(g). 

 

 

 

 
Fig. 4: The Operational Stages of The Proposed Inverter 

during (a),(b) region I, (c),(d) region II, (e),(f) region III, 

and (g),(h) region IV. 

A. Charge Pump Circuit 

The idea of simple charge pump circuit which is used in the 

proposed topology is to produce the negative inverter output 

voltage shown in Fig. 3. The circuit consists of two diodes D1 and 

D2 and two capacitors C1 and C2. These simple charge pump 

circuit give a negative dc output voltage at a point C equal to the 

voltage of the point A. The two schottky diodes D1 and D2 are 

used to pump the output voltage .The C1 is used to connect the 

voltage point of A to node D. The capacitor C1 is charged by a 

diode D2, when the diode D2 is forward biased. When the diode 

D1 is on, capacitor C2 is charged by capacitor C1 by using switch 

S2 and node n. In a steady state the negative output voltage of 

charge pump circuit (vCn) can be derived by 

vCn = −Vdc + Vcut−in−D1 + Vcut−in−D2 

Where Vdc is the input voltage, Vcut-in-D1is the cut-in 

voltage of the diode D1 and Vcut-in-D2 is the cut-in voltage of the 

diode D2, respectively. For high power applications these values 

can be neglected. 

 
Fig. 5: Schematic of the Proposed Inverter Including the 

Charge Pump Circuit 

The simple charge pump principle is incorporated to the 

proposed inverter by using the extra switching devices. The 

voltage difference between point A of the inverter to the point n is 

+Vdc or zero, according to the switching state of the S1 and S2, 

respectively. The voltage of capacitors C1 and C2 must be kept 

constant during all operation modes by selecting appropriate 

switching states. Point B must be connected to points A or C with 

additional switches. This creates three different voltages that are 

+Vdc, zero and – Vdc for the inverter operation. 

III. EXPERIMENTAL RESULTS & DISCUSSION 

The hardware model for proposed topology is shown in figure 

6. The circuit consists of four MOSFET, two switches forms 

one half bridge and LCL filter to reduce harmonics. The 

proposed hardware successfully converts 12.8 dc input 
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battery (scaled to least half from 400V input and 230V 

output) to 6V. This determines that the proposed topology is 

modulated with unipolar SPWM. From Fig. 7, it is clear that 

the output voltage of the proposed inverter is highly 

sinusoidal with low harmonic distortion 

 
Fig. 6: Hardware Prototype of the Proposed Single Phase 

Transformerless Inverter with Charge Pump Circuit 

IV. SIMULATION RESULTS 

The simulation output waveform of a proposed system is 

shown in fig.7. It can be seen that, by applying unipolar 

modulation SPWM strategy. At the output we are getting 

325V peak value from 400V input dc and obtained 

 
Fig. 7: (a) Gate Pulses for Controlling the Switches 

 
Fig.7 (b) Output Voltage Waveform (In Peak Value) 

Fig. 7: Output Waveforms 

V. CONCLUSION 

This paper has proposed a new single phase transformerless 

inverter using a charge pump circuit concept for AC-DC 

conversion with r load. This new topology uses unipolar 

SPWM technique. In addition, the proposed topology can be 

realized with a minimum number of components, hence a 

higher power density can be achieved with lower design cost. 

Compared to other existing transformerless topologies, the 

performance depicted by the proposed inverter is good 
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