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Abstract 

In this paper a three state switching cell boost converter for photovoltaic applications employing MPPT algorithm is discussed. A 

three state switching cell boost converter has advantages such as reduced size of boost inductor and current sharing is performed 

between two switches leading to the usage of low power rating switches. The maximum power varies with respect to temperature 

and solar radiation. MPPT algorithm is used to track the maximum power and thereby improving the efficiency of the system. By 

manipulating the duty cycle the system implements MPPT algorithm. The simulation is performed using MATLAB/SIMULINK 

under various temperature and solar radiation and waveforms are presented.   

Keywords: Battery chargers, dc–dc power conversion, photovoltaic power systems, Maximum Power Point Tracking 

(MPPT) 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Renewable energy attracts interest for power generation since the non-renewable energy like petrol, diesels etc are diminishing 

and energy crisis is an important issue in most of the nations. Energy production using solar energy could be a solution for the 

increasing power demands. The photovoltaic generation systems can either be operated as isolated systems or connected to the 

grid as a part of an integrated system. One of the major advantages of PV technology is that it has no moving parts; it has a long 

lifetime and low maintenance requirements and most importantly it is one solution that offers eco-friendly power. A maximum 

power point tracking algorithm is absolutely necessary to increase the efficiency of the solar panel as it has been found that only 

30-40% of energy incident is converted into electrical energy. Among all the MPPT methods, Perturb & Observe (P&O) is most 

commonly used because of its simple implementation [7]. Generally the efficiency of the system depends on the boost converter 

too. To improve the efficiency of the converter soft switching scheme is used [2] .The solar energy is directly converted into the 

electric energy by the Photovoltaic (PV) module. A PV module consists of a number of solar cells which when connected in series 

increases the voltage and when connected in parallel increases the module current. Despite mechanically changing the position of 

the solar panels, MPPT works automatically to keep the output at the maximum power. The concept in Maximum power point 

tracking is that when the source impedance matches with the load impedance maximum power transfers from the source to load 

[6], so the source impedance is varied by varying the duty cycle. In this paper three state switching cell boost converter is used 

even though conventional boost converters can produce high voltage gain, the gain decreases as the duty cycle approaches unity 

as proved in [1], when connecting boost converters in series losses will increase due to increase of devices [5]. Depending upon 

the surrounding conditions such as temperature and irradiation, the output power of the solar cell changes and hence its efficiency 

is low. Thus for the transmission of the power from PV array to the load, high efficiency is needed for the power conditioning 

systems (PCS). Generally a single stage PV PCS is composed of two conversion stages namely dc/dc conversion stage and dc/ac 

conversion stage. The maximum power point tracking is applied to the dc/dc converter topology. To solve this disadvantage, three 

state switching cell boost converter [4] is used because of its reduced ripple currents in both the input and output circuits and hence 

there is a decrease in the boost inductor magnetic volume. The power is equally divided between two oppositely coupled inductor 

the stress across the devices are much low so there is no need for any soft switching scheme [10]. 

II. PROPOSED TOPOLOGY 

 Conception of the Topology 

In the low voltage side, the bidirectional characteristic of the topology allows the MOSFET Bridge to be supplied by either the 

battery or the PV array. Besides, the use of resonant capacitors in the full-bridge capacitors provides zero voltage switching (ZVS) 
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of the switches. The integrated topology resulting from the boost converter and the three-state switching cell is shown in Fig.1. 

The main advantage of this topology is the low voltage stress across the active switches, low input current ripple, and simplicity, 

what results in higher efficiency. 

 
Fig. 1: Proposed topology using a PV array. 

Some high-voltage gain topologies are supposed to contain three dc links as shown in Fig. 2, where VDC3 feeds the inverter 

with a higher voltage than that of the remaining ones. According to the proposal, the battery bank and the photovoltaic panel can 

be connected to the low voltage side at VDC1 or VDC2, depending on the available voltage levels. Considering typical applications 

under 2 kW, battery bank voltage levels can be 12, 24, or 48 V (in order to avoid the connection of many units in series) and 

photovoltaic panels can be arranged to establish a dc link with voltage level equal to about twice that of the former link. 

 

 
Fig. 2: (a) Conventional Architecture. (b) Proposed Architecture. 
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Fig. 3: First Stage.                    Fig. 4: Second Stage. 

  
Fig.5 Third Stage                                      Fig. 6: Fourth Stage. 

  
Fig. 7: Fifth Stage.                                         Fig. 8: Sixth Stage. 
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Fig. 9: Main theoretical waveforms. 

The proposed topology is formed by one input inductor LIN, four controlled power switches S1–S4, two rectifier diodes D1 and 

D2, two transformers T1 (windings T1a and T1b) and T2 (windings T2a, T2b, T2c, and T2d) and four output capacitors C1–C4. 

Even though additional components are included, current sharing is maintained between (S1, S2, T1a, T2a) and (S3, S4, T1b, T2c). 

Then, besides the reduced current stress through the components, the instantaneous current during the turn OFF of the switches is 

significantly reduced for D>50%, thus leading to minimized switching losses. Also, the transformer is designed for about only 

70% of the total output power. Within this context, it must be considered that there is no energy transfer from the input to the 

output during the second and fifth stages only. As a consequence, high efficiency is expected. 

 Operation Principle 

The proposed converter has two operation regions, which work analogously. The duty cycle is applied to the lower switches of 

each leg (S2 and S4), which operate in opposite phase. The converter behavior and the operation region are defined by the applied 

duty cycle. If the duty cycle is higher than 50%, the lower switches work in overlapping mode. However, if the duty cycle is lower 

than 50%, then only the upper switches are in an overlapping mode. As the operation principle regarding the switches is analogous, 

only the case for D>50% is presented. 

The converter presents six operation stages, while Fig. 2 presents the theoretical waveforms. As it can be observed, the current 

through the input inductor has a frequency which is twice higher than the switching frequency, which characterizes the three-state 

commutation cell behavior. This current is then equally shared between the windings of the autotransformers, which leads to 

reduced current stresses. The windings T2a and T2c correspond to the transformer primary side, which are responsible for stepping 

the voltage up and allowing the switches to operate in the ZVS mode, increasing the system efficiency. 

 First Stage [t0–t1]:  

This stage begins when S1 is turned OFF, causing a current flow through the antiparallel diode of switch S2, allowing the turn ON 

in the ZVS mode. At this moment, S3 is turned OFF, and S4 is turned ON. The current flowing through the input inductor “IIN” 

increases linearly and is equally divided between the two switching cells reducing the associated stresses of the active 

semiconductors. The current in the primary side T2a decreases linearly, while the current through T2c increases linearly. This stage 

ends when the currents in T2a and T2c reach zero, and the current through S2 is equal to that through S4. 

 Second Stage [t1–t2]:  

Current “IIN” still increases linearly and is equally divided through the commutation cells. Additionally, all the rectifier diodes are 

reverse biased. The current through T2a and T2c remains null. This stage ends when S4 is turned OFF. 



Three-State Commutation Cell for Battery Charging using PV Panels in a Single Conversion Stage by using High-Voltage Gain Boost Converter  
(IJSTE/ Volume 4 / Issue 4 / 008) 

 

 All rights reserved by www.ijste.org 
 

34 

 Third Stage [t2–t3]:  

This stage begins when S4 is turned OFF, causing the current to flow through the anti-parallel diode of S3, allowing the turn on in 

ZVS mode. At this moment, S2 is already turned on. The current flowing through the input inductor ‘IIN’ decreases linearly, while 

the currents through T1a and T1b increase and decrease linearly, respectively. The current in the primary side T2a decreases 

linearly, while the current through T2c increases linearly. This stage ends when S4 is turned ON and S3 is turned OFF. 

 Fourth Stage [t3–t4]:  

This stage begins when S4 is turned ON. When S2 is turned ON, the input current “IIN” increases linearly, and so do the currents 

through T1a and T1b. Also, the current through S4 increases and has flow in the opposite direction. The current through T2a 

linearly increases, while the one through T2c decreases. This stage ends when the currents in T2a and T2c reach zero, and the 

current through S2 is equal to the one in S4. 

 Fifth Stage [t4–t5]:  

This stage is similar to the second one. In this stage, “IIN” is still increasing linearly and is equally divided between the 

commutation cells. Besides, all the rectifier diodes are reverse biased. The current through T2a and T2c remain null. This stage 

ends when S2 is turned OFF. 

 Sixth Stage [t5–t6]:  

This stage begins when S2 is turned OFF, causing a current flow through the antiparallel diode of S1, allowing its turn ON in the 

ZVS mode. At this moment, S3 is already turned OFF and S4 is turned ON. The current flowing through the input inductor “IIN” 

decreases linearly. The current in the primary side T2a increases linearly, while the current through T2c decreases linearly. This 

stage ends when the currents through T2a and T2c become null, and the current through S2 is equal to the one through S4. After 

this stage, a new switching cycle begins from the first stage. 

III. PHOTOVOLTAIC SYSTEM 

A photovoltaic system, also solar PV power system, or PV system, is a power system designed to supply usable solar power by 

means of photovoltaics. It consists of an arrangement of several components, including solar panels to absorb and convert sunlight 

into electricity, a solar inverter to change the electric current from DC to AC, as well as mounting, cabling and other electrical 

accessories to set up a working system. It may also use a solar tracking system to improve the system's overall performance and 

include an integrated battery solution, as prices for storage devices are expected to decline. Strictly speaking, a solar array only 

encompasses the ensemble of solar panels, the visible part of the PV system, and does not include all the other hardware, often 

summarized as balance of system (BOS). Moreover, PV systems convert light directly into electricity and shouldn't be confused 

with other technologies, such as concentrated solar power or solar thermal, used for heating and cooling. 

PV systems range from small, rooftop-mounted or building-integrated systems with capacities from a few to several tens of 

kilowatts, to large utility-scale power stations of hundreds of megawatts. Nowadays, most PV systems are grid-connected, while 

off-grid or stand-alone systems only account for a small portion of the market. 

Operating silently and without any moving parts or environmental emissions, PV systems have developed from being niche 

market applications into a mature technology used for mainstream electricity generation. A rooftop system recoups the invested 

energy for its manufacturing and installation within 0.7 to 2 years and produces about 95 percent of net clean renewable energy 

over a 30-year service lifetime. 

 
Fig. 10:  PV cell equivalent circuit. 

Figure reflects a simple equivalent circuit of a photovoltaic cell. The current source which is driven by sunlight is connected 

with a real diode in parallel. In this case, PV cell presents a p-n junction characteristic of the real diode. The forward current could 

flow through the diode from p-side to n-side with little loss. However, if the current flows in reverse direction, only little reverse 

saturation current could get through. 

Due to the exponential growth of photovoltaics, prices for PV systems have rapidly declined in recent years. However, they vary 

by market and the size of the system. In 2014, prices for residential 5-kilowatt systems in the United States were around $3.29 per 

watt, while in the highly penetrated German market, prices for rooftop systems of up to 100 kW declined to €1.24 per watt. 
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Nowadays, solar PV modules account for less than half of the system's overall cost, leaving the rest to the remaining BOS-

components and to soft costs, which include customer acquisition, permitting, inspection and interconnection, installation labor 

and financing costs. 

IV. MATLAB/SIMULINK RESULTS 

 
Fig. 11: Simulink model diagram 

        
Fig. 12: Voltage across the C3                     Fig. 13: Voltage across the C4 

         
Fig. 14: Input Current                    Fig. 15: Switching Voltage 
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Fig. 16: Simulink model diagram of proposed topology 

 

     
Fig. 17: Voltage across the C1                  Fig. 18: Voltage across the C2 

       
Fig. 19: Voltage across the C3                    Fig. 20: Voltage across the C3 
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Fig. 21: Input Current                 Fig. 22: Switching Voltage 

V. CONCLUSION 

This paper has presented the concept of topologies with integrated capabilities as battery charging from a photovoltaic panel, large 

step-up voltage gain to feed a dc link of an inverter and soft-switching, in a single stage. During the MPPT operation, the battery 

charge, discharge and dc link feeding management is inherent to its operation and provides an acceptable voltage regulation. 

Applying this concept, some topologies derived from the half-bridge boost converter were obtained and described, such as the 

voltage-multiplier rectifier and also a structure based on the three-state commutation cell. Experimental results obtained from a 

500W prototype validate the concept, with high efficiency along a wide load range (94%), and confirming the satisfactory 

performance of the structures. Thus, the idea of integrating converters in a single stage seems to be promising on the path to obtain 

additional topologies feasible to photovoltaic and fuel cell applications. 
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