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Abstract— Renewable energy-based power generation has gained more attention in the recently due to the ever-increasing need for the 
electrical energy and also due to the pollution caused by burning of fossil fuels for conventional method of power generation.  Solar based 
electrical energy generation is one of the easy and best ways to produce electrical energy. Photovoltaic (PV) panels are used to trap the 
sun’s radiation and convert them into usable electrical energy. The aim of this paper is to model a power conditioner which works on the 
principle of switched capacitor (SC) with a single stage inverter and gives an ac sinusoidal wave as output. A hardware prototype of the 
switched capacitor inverter for standalone operation has been implemented. The SC inverter delivers output voltage corresponding to the 
input supplied. This converter can be used along with both grids connected and standalone systems. The converter is compact and light in 
weight. The main advantage of the converter is its reduced THD with increased efficiency.  

Index Terms— PV systems, Switched capacitor, Inverter, Single stage conversion, SPWM, THD, MatLab .   

——————————      —————————— 

1 INTRODUCTION                                                                     
enewable source based electrical power generation has 
gained attention recently due to ever increasing demand 
for electrical energy. There are plenty of renewable ener-

gy sources available in nature and can be utilized to generate 
electrical energy. Technology involved in generating renewa-
ble energy is clean and it has almost very less amount of envi-
ronmental impact. Also, there are many manufacturers offer-
ing PV panel at low cost making the production of solar based 
power generation viable [1-2]. 

The electrical voltage received from PV panels will be of 
smaller magnitude. In order to enhance the voltage to re-
quired level power conditioning circuits are needed [3]. Gen-
erally, power conditioning circuit will enhance the lower 
magnitude signal from PV panel (dc) with the help of MPPT 
algorithm and convert it to ac voltage. Huang et. al. [4] has 
given an SC based inverter which has two stages of operation. 
The SC based dc-dc converter forms the first phase and the 
five-level cascaded multilevel inverter forms the second phase. 
Since this comprises of two stages, it leads to decreased output 
efficiency. The switched capacitor inverter will result in in-
creased efficiency, since the process of boosting and inverting 
take place in a single stage.  

Switched capacitor converters (SCCs) utilize switches and 
capacitor which are switched between the input source and 
load. The absence of inductor and transformer makes the 
switched capacitor-based inverter more advantageous. Since 
the bulky components are avoided, they are capable of being 
produced as integrated circuits [5-6]. The SC converters are 
able to give an efficiency of 90% with wider operating range 
[7]. This type of converter is chosen over the other conven-
tional converter owing to their solid built and compact size. 

 

The SC inverter which is fed from a dc source is presented 
in this paper. The main purpose of using SC based inverter is 
to increase output efficiency with reduced THD [8-10]. The SC 
inverter can be operated over a wide range starting form mW 
to kW. The output of the SC inverter will be proportional to 
the input source. The simulation work is carried out using 
MatLab-Simulink tool. Hardware prototype of the same is 
implemented, and their results are discussed. 

2 SUMMARY OF THE PROPOSED SYSTEM 
The structure of switched capacitor inverter is represented in 
the Figure 1. 

 
Figure 1. SC inverter topology 

 
The switched capacitor inverter is operated based upon the 

switching pulse given to the switches. The switches in the SC 
inverter are triggered according to the SPWM signal produced 
by comparing the unipolar sine wave with triangular wave at 
a frequency of 20 kHz. The input side switches (S1n and S2n) 
are turned for a period of D1s. the output side switches (S3n 
and S4n) are turned on for a period of D2s. When more than 
one block of switched capacitor blocks is connected, all the 
input side switches will be triggered simultaneously and all 
the output side switches will be triggered simultaneously. 
There will be a dead time of tD between switching from input 
side to output side.  A detailed working of the switched capac-
itor inverter is given by the author in [3].  
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3 SIMULATION RESULTS AND DISCUSSIONS 
The design procedure of switched capacitor inverter is ex-
plained in detail by the author as in [3]. The components are 
selected according to the values obtained by computing the 
equations, with the obtained specifications switched capacitor 
inverter is modelled using Matlab-Simulink tool.  

The panel designed in MatLab is in accordance to the panel 
available in market (SOLKAR Panel – Model No. 3712/0507) 
and the specifications are as given in the Table 1. 

TABLE 1 
PV PANEL SPECIFICATIONS 

 
The Switched capacitor inverter parameters are given in 

Table 2. 

TABLE 2 
COMPONENT SELECTION FOR SC INVERTER 

 

 
The switched capacitor inverter is designed in the MatLab-

Simulink using the above said parameters and is given in Fig-
ure 2. The input side of the switched capacitor inverter is en-
ergized by the PV panel. In order to obtain the desired magni-
tude of 60V, the PV panels are linked serially. 

The MatLab model of the SC inverter is evaluated and the 
output voltage waveform is obtained, as shown in Figure 3. 
The magnitude of the output voltage obtained is 110Vrms. In 
order to increase or decrease the magnitude of the output 

voltage, the input dc voltage can be varied. 

Figure 2. MATLAB model of SC inverter 

 

Figure 3. Output sine wave 
 

The harmonic spectrum is shown in Figure 4. 

Figure 4. THD study of output voltage waveform 

 
It can be observed that the THD is 3.05% which is in accord-

ance to the standards. 

4 HARDWARE SET-UP 
The overall schematic of the prototype is given in Figure 5. 
From the simulation studies it can be inferred that the 
switched capacitor inverter is capable of producing sine wave 
as the output at fundamental frequency of 50Hz. To validate 
the performance of the switched capacitor inverter, hardware 
prototype is implemented with a single block of SC. The 
hardware prototype includes the gating circuit, switched ca-
pacitor-based inverter with the pulse generated using Arduino 
Microcontroller. 
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Figure 5. Schematic of the hardware prototype 
The proper operation of the hardware setup depends on the 

pulse generated to trigger the MOSFET switches. The 
switched capacitor is switched at a frequency of 20 kHz, and 
the inverter is switched at a frequency of 50Hz. The generated 
gating pulses are given to their respective switches. The exper-
imental arrangement is as shown in Figure 6. 

Figure 6.  Experimental arrangement of the switched capacitor inverter 

The hardware is implemented with single block of switched 
capacitor inverter, which is basically a buck topology. The 
output obtained from the developed hardware prototype 
complies with the requirements. The experimental output 
waveform of single stage switched capacitor inverter is shown 
in Figure 7 for an input of 18V. The input dc voltage is con-
verted to ac voltage with a peak to peak voltage of 15 V at a 
frequency of 50Hz. The number of SC stages can be increased 
to achieve higher output voltage magnitude. 

Figure 7. Experimental output waveform of single stage switched ca-
pacitor inverter 

5 CONCLUSION 
A single stage SC inverter for PV Scheme has been proposed 
in this paper. The output voltage from the PV source is en-
hanced by means of four switched capacitor units to get an 
output voltage of 110Vrms or a peak to peak voltage of 155V. 
The efficiency is 91.4 % and the THD is less than 4%. Hard-
ware prototype for the same is implemented with a single SC 
block. The SC based inverters are compact, weightless and the 
efficiency is almost constant, this makes it possible for them to 
be used along with solar panels fixed on top of automobiles. It 
can also be used in remote locations. 

The use of several number of MOSFET switches puts the SC 
based inverter at disadvantage when compared to regular 
power conditioners. This can be overcome by reducing and 
integrating the number of switches and their drive circuits in a 
single chip. This type of switched capacitor inverter can also 
be used with grid tied connections. 

REFERENCES 
[1] Energy efficiency and renewable energy, “SunShot initiative”, U.S. depart-

ment of energy [Online]. Available: 
http://wwwl.eere.energy.gov/solar/sunshot/about.html. 

[2] Advanced research projects agency – Energy, “DE-FOA-0000474: Solar agile 
delivery of electrical power technology (SOLAR ADEPT)”, U. S. department 
of energy [Online]. Available: https://arpa-e-foa.energy.gov/ 

[3] U. Kavitha, R. Ramaprabha and S. Malathy, “Switched Capacitor Based Pow-
er Conversion for Photovoltaic Systems”, 4th international conference on Elec-
trical Energy Systems (ICEES), pp. 274-278, Feb 07-09, 2018. 

[4] Y. Huang, K. Zou, M. J. Scott, E. Inoa, J. Wang, R. Duarte, "A Gallium Nitride 
switched-capacitor power inverter for photovoltaic applications", 27th IEEE 
Applied power electronics conference and exposition (APEC), 2012, pp. 46-52. 

[5] M. Makowski, D. Maksimovi, "Performance limits of switched-capacitor DC–
DC converters", Proc. IEEE Power Electron. Spec. Conf., pp. 1215-1221, 1995. 

[6] C. K. Tse, S. C. Wong, M. H. L. Chow, "On lossless switched-capacitor power 
converters", IEEE Trans. Power Electron., vol. 10, no. 3, pp. 286-291, May 1995. 

[7] M. Ishida, Y. Uemoto, T. Ueda, T.Tanaka, D. Ueda, "GaN Power Switching 
Devices," International Power Electronics Conference, 2010, pp 1014-1017.  

[8] Gonzalez, R.; Gubia, E.; Lopez, J.; Marroyo, L. "Transformerless Single-Phase 
Multilevel-Based Photovoltaic Inverter" IEEE Transactions on Industrial Elec-
tronics.vol. 55, pp. 2694-2702 July 2008. 

[9] S. Jain, V. Agarwal, “A single stage grid connected inverter topology for solar 
PV systems with maximum power point tracking”, IEEE Transactions on 
power electronics, vol. 22, no. 5 pp. 1928-1940, Sept. 2007.  

[10] S. V. Cheong, "Development of power electronics converter based on 
switched capacitor circuits", Proc. IEEE Int. Symp. Circuits and Systems, pp. 
1907-1910, 1997. 
 

 

IJSER

http://www.ijser.org/
https://arpa-e-foa.energy.gov/

	1 Introduction
	2 Summary of The Proposed System
	3 Simulation Results and Discussions
	4 Hardware Set-up
	5 Conclusion
	References



