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 

Abstract: In this paper, a DC-DC switched capacitor (SC) 

converter without using transformer is designed to achieve high 

voltage gain. Normally a transformer is used for AC-AC power 

conversion with step up or step down operation without changing 

the frequency.  But it occupies more space due to its size and 

weight. Therefore, switched capacitor is used for achieving high 

voltage combine with converter, in order to avoid the 

transformer due to more expensive and losses. The traditional 

converter consists of more switches and stresses as well as losses 

with converter. In proposed converter, it uses fewer amounts of 

switches and gives high efficiency to increase the voltage gain. 

The current ripples are filtered that help to device life time and 

also reduce the electromagnetic interference. The designed 

converter is analyzed and the voltage is attained using 

MATLAB/Simulink. 

 

Keywords: DC-DC converter, Transformer less switched 

capacitor (SC), and Voltage gain. 

I. INTRODUCTION 

Now a day, the Photo Voltaic (PV) energy applications are 

widely used all over the world. The solar energy is obtained 

from the sun through the PV cell and solar panels.  There are 

several renewable energy sources  available but particularly 

the solar energy source is extremely popular because of the 

lack of environmental problems related with the fuel based 

power generation and it will makes the solar energy more 

demand one. The solar energy advantages are pollution free, 

less maintenance, and the operation is noiseless. These 

merits makes the solar energy system most wanted for the 

past 25 years [1-2].  

The demand of solar energy increasing day by day life 

mainly for the grid connected systems. The PV system is one 

of the very fast growing electricity over the worldwide and 

maximum power can be achieved by using the algorithms 

especially for the solar systems [3]. The variation of power 

from PV module can be regulated by using DC-DC inverters 

and the converters that perform the operation of buck and 
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boost. Converters are used to perform conversion of power. 

There are many converters to do such a works. The converter 

can perform both buck and gain operation [4-7]. Normally 

the converter has switching devices that partially allow the 

current and voltage according to the source of power and can 

convert to load [8-10].  

The converters are used in power distribution and convert 

one form to another form of energy [11-13]. Through the 

converters only can achieve the grid requirement voltage 

because the renewable energy generation is far compare with 

grid. But to satisfy the grid requirement a transformer is used 

to step up the generation voltage and the transformer will 

occupies more place due to  its size and weight and it has 

more losses such as heat loss, core loss etc.  

In this paper, the high DC-DC voltage gain converter is 

used for compensates the DC  voltage link that can be avoid 

the  transformer utilization and converter must be able to 

work at low duty ratio to get high voltage gain ratio and to be 

performed under transient conditions. The boost converter 

has a behavior in nature of resonant for boost voltage process 

that extends the gain of DC voltage. The switched capacitor 

based converters are the common solution to attain high gain 

voltage. DC voltage gain will be enhanced as the switched 

capacitors are included with classic boost type. Clearly, the 

reactive elements are used to attain higher voltage. 

II. PROPOSED METHOD 

A single diode photo voltaic module of simple structure 

equivalent circuit is presented in this paper. The reliability is 

high in this structure and energy generation is easy to use. It 

has merits when compare with other structures. In this 

structure the parameters of the converters can be adjusted 

easily. The voltage-current equation is given by, 

 

} } ))K )/(nNs {exp(q(V I-{I N=I TPV0phPPV                     (1) 

A single diode of parallel and series resistance 

combinations are included in the equivalent circuit. The 

following circuit shows the PV model system in single diode. 
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Fig. 1. A single diode model of PV system 

In exchange of solar energy to extort highest power from 

the solar photo voltaic module, a technique named as 

maximum power point tracking is used to achieve high 

energy for applications. Nominal voltage and current in 

equation (2) is replaced by  and  is given by, 

} } ))K )/(nNs {exp(q(V I-{I N=I TMPP0phPMPP            (2)                                                                     

A.  Switched Capacitor Converter 

The switched capacitor is most popular technique for 

boosting the voltage. This circuit consists of energy storage 

elements like capacitors, inductors and combined with 

switching devices to get the high voltage. Switched capacitor 

circuit shown in below fig. 2. 

 

Fig. 2. Fundamental switched capacitor circuit 

The stored energy is transferred from one capacitor to 

another one by the appropriate switching action. The 

switched capacitor is used in power conversion on chip that 

in low power applications. In this switched capacitor, the 

high voltage gain circuit is simple due to fewer numbers of 

components and simple control methods. The proposed 

design system is shown in fig. 3. 

 

Fig. 3. Proposed the transformer-less switched capacitor 

converter 

The proposed circuit consists of two active switches named 

as, Sa and Sb and the inductor and capacitor are used to 

achieve the boost operation, and further the generated energy 

will be stored in another capacitor and inductor. The energy 

stored elements are controlled by the active switches. Here 

three diodes are used to represent the pulses of active 

switches and the diodes are Da, Db and Dc. The operation is 

classified into two modes: continuous conduction mode 

(CCM) and discontinuous conduction mode (DCM). 

B. Continuous Mode 

In the continuous mode, there are three modes. In the first 

mode, Sa and Sb are on state and Db is turned on. The 

inductor La energized but the Ca gets discharged. This 

process is known as regenerative step up operation. The 

voltage across the inductors is given below equation (3) and 

in second mode, Sa is turned on and Da and Db are on state. 

The inductor La and capacitor Cb gets discharged to load. 

The voltage across the inductors is given in below equation 

(4) 
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In the third mode, both switches that S1 and S2 are in off 

state. Then the diodes Da and Dc are turned on. The 

capacitor Cb gets discharged and the inductors La and Lb are 

stored energy from source. The voltage across the inductors 

is given by, 
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(5) 

 

 

C. Discontinuous Mode  

 In this, there are three modes, mode1, mode2 and mode3. 

In mode 1, the inductors La and Lb gets charged. The 

direction of current is same as continuous conduction mode. 

In mode 2, the process is similar to the operation of mode 1. 

Similarly in mode 3 the inductor La gets charged and the 

capacitors Ca and Cb are discharged and supply the current 

to load of system and it is similar to mode 2. 

III. SIMULATION AND RESULTS  

The proposed system consists of PV fed switched capacitor 

DC-DC converter to attain enhanced high voltage. It is 

implemented in MATLAB/Simulink. The proposed simulink 

system consists of two MOSFET switches (Sa and Sb), three 

diodes (Da, Db, and Dc), 3 capacitor (Ca, Cb, and Cc), and 

two inductor (La and Lb) for boosting the voltage from the 

PV. The Simulink design of the proposed system is 

represented in fig. 4. 

 

Fig. 4. proposed system Simulink model 

Input voltage of the PV system is 12V which is represented 

in fig. 4.  

 

 

Fig. 5. Input dc voltage 12V 

The output voltage of the system is shown in fig. 5. The 

system output voltage is 104V. The purpose of this work is to 

boost the voltage ratio source voltage. It boosts the voltage 

part of 8.4V. 

 

Fig. 6. Output voltage gain 

Fig. 6 shows that value of current output with respect to R 

load is 0.12 A 

 

Fig. 7. Output current 
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IV. CONCLUSION  

For obtaining high voltage gain this paper proposed a 

switched capacitor and DC-DC high gain converter 

combination. The aim of this paper is achieved through using 

switched capacitor in solar applications. Thereby, the 

utilization of transformer can be avoided and the losses are 

eliminated. The proposed converter gives high efficiency 

using switched capacitor and the switching losses are 

reduced by operating at low duty cycles in system. A high 

voltage gain of around 104V is achieved as input voltage is 

12V. The high voltage gain and current are verified through 

the implementation of the system in MATLAB/Simulink. 
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