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Abstract 

This paper proposes a single- phase thirteen -level inverter for 

grid-connected photovoltaic system with novel pulse width 

modulated (PWM) control scheme. A reference with an offset 

that is equivalent to the amplitude of the carrier signal was used 

to generate the PWM signals. The inverter is capable of 

producing thirteen levels of output-voltage levels from the dc 

supply voltage. The proposed system was verified through 

simulation and Hardware. 

 

Index Terms—Grid connected, modulation index, multilevel 

inverter, photovoltaic (PV) system, pulse modulated (PWM), 

Total harmonic distortion (THD). 

 

1.Introduction     
The ever-increasing energy consumption, fossil 

fuels soaring costs and exhaustible nature, and worsening 

global environment have created a booming interest in 

renew-able energy generation systems, one of which is 

photovoltaic. Such a system generates electricity by 

converting the Sun’s energy directly into electricity. 

Photovoltaic-generated energy can be delivered to power 

system net works through grid-connected inverters. 

 A single phase grid connected inverter usually used for 

residential or low power applications of power ranges that 

are less than 10 Kw. Types of  single phase grid 

connected inverter can satisfy specifications through its 

very high switching, but it could also unfortunately 

increases switching losses, acoustic noise, and level of 

interference equipment. Improving output waveform 

reduce its harmonic content and, and hence, also size of 

the filter used and the level of electromagnetic 

interference (EMI) generated by the inverter’s switching 

operation. 

Multilevel inverters are promising, they have nearly 

sinusoidal output voltage waveforms, output current with 

better harmonic profile, less stressing of electronic 

components owing to decreased voltages, switching  

losses that are lower than those of conventional two level 

inverters, a smaller filter size, and lower EMI, all of 

which make them cheaper, lighter, and more compact. 

Various topologies for multilevel inverter have been 

proposed over the years. Common one is diode clamped, 

flying capacitor, cascaded H-bridge and modified H-

bridge multilevel. This paper recounts the development of 

a thirteen level inverter that has three diodes, seven 

switches and PWM technique. 

 

 

 

2.System Design 
 

Fig.1. Proposed multi level inverter topology 

 

T he proposed system is capable of producing thirteen 

level of output which can be connected to the grid. It 
comprises a single phase inverter, three diodes, and seven 

switches shown in Fig.1. 
The modified inverter topology is significantly 

advantageous over other topologies i.e. less power 

switches, power diodes, and no capacitors used for the 

same inverters of the same number of levels. 
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Fig.2. Proposed Block diagram of  inverter topology 

 

 The basic block diagram of the inverter system consist of 

user interface, switching pattern generation unit, driver 

circuit, power supply, power circuit, and the output 

unit.

 
Fig.3. Functional block diagram of FPGA 

An FPGA is a regular structure of logic cells or modules 

and interconnect which is under the designer’s complete 

control. This means the user can design, program and 

make changes to his circuit whenever he wants. 

Field Programmable Gate Arrays (FPGAs), as the name 

suggests these devices are a uniform array of gates that 

can be updated by the designer on the board as and when 

required. In some cases these devices are known as ASICs 

(Application Specific Integrated Circuits), that is each 

device is configured by the designer to perform a function 

particular to his application. In most ASIC technologies, 

gate level interconnections are established when the 

device is manufactured (i.e. custom and semi-custom 

ASICs). 

FPGA Advantage 

1. Enhanced flexibility 

2. Reduced board space, power and cost 

3. Increased performance 

All FPGAs have the following key elements: 

The Programming technology, basic logic cells, I/O logic 

cells, Programmable interconnect, Software to design and 

program the FPGA 

 

3. SPARTAN-3 EFPGA  
 

The Spartan™-3E family of Field-Programmable 

Gate Arrays (FPGAs) is specifically designed to meet the 

needs of high volume, cost-sensitive consumer electronic 

applications. The five-member family offers densities 

ranging from 100,000 to 1.6 million system gates, as 

shown in Table. The Spartan-3E family builds on the 

success of the earlier Spartan-3 family by increasing the 

amount of logic per I/O, significantly reducing the cost 

per logic cell. New features improve system performance 

and reduce the cost of configuration. These Spartan-3E 

enhancements, combined with advanced 90 nm process 

technology, deliver more functionality and bandwidth per 

dollar than was previously possible, setting new standards 

in the programmable logic industry. Because of their 

exceptionally low cost, Spartan-3E FPGAs are ideally 

suited to a wide range of consumer electronics 

applicat

ions, 

includin

g 

broadba

nd 

access, 

home 

network

ing, 

display/

projecti

on, and digital television equipment. The Spartan-3E 

family is a superior alternative to mask programmed 

Asics. FPGAs avoid the high initial cost, the lengthy 

development cycles, and the inherent inflexibility of 

conventional ASICs. Also, FPGA programmability 

permits design upgrades in the field with no hardware 

replacement necessary, impossibility with ASICs. 
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Fig.4.  SPARTAN-3 EFPGA 

 

3.1 Opto coupler  
The function of an Opto isolator is to isolate the control 

circuit from the power Circuit. The name of this opto 

coupler IC is 6N137.   

 

3.2 Gate driver 
Gate driver acts as high power buffer stage between the 

PWM control device and gates of the primary power 

switching Devices likes as MOSFET, IGBT. 

 

Fi.
5. PIN Diagram 

 

4.Pulse width Modulation 
A PWM waveform is a sequence of pulses with fixed 

frequency but varying pulse widths. The width of the 

pulse might vary from 0% to 100% of the fixed period. 

Types of PWM: Single PWM, Multiple PWM, Sine 

PWM, Space Vector PWM. 

The diagram shows how comparing a ramping waveform 

with a DC level produces the PWM waveform that we 

require. The DC signal can range between the minimum 

and maximum voltages wave of the triangle. 

 
Fig. 6.Pulse Width Modulation 

 

 When the triangle waveform voltage is greater than the 

DC level, the output of the op-amp swings high, and when 

it is lower, the output swings low. The sinusoidal 

waveform is compare to the Carrier (Triangular wave) 

signal; the Comparator output PWM is called SPWM. 

 

 

 
Fig. 7.Simulation Diagram for Proposed System 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.8 Simulation Results 

 

 

FFT AND THD VALUES 

 

 
Fundamental frequency(50 Hz),THD=9.27% 

 

 
 

4.1 Applications    
 Emergency lighting systems 

 Variable speed drives 

 Uninterrupted power supplies 

 Frequency converter 

 

5.Conclusion 
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Therefore the single phase thirteen level inverter 

switching losses reduced by having less number of power 

switches and THD value obtained is 9.27%. 
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