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ABSTRACT 
Nowadays Multilevel inverter (MLI) technologies become extremely main choice in the area of high power 

medium voltage energy control. Although multilevel inverter has a number of advantages it has drawbacks in the 

layer of higher levels because of using large number of semiconductor switches. This project proposes Single-

Phase fifteen-level inverter using seven switches. Inverter is capable of producing fifteen levels of the output 

voltage levels (Vdc, 6Vdc/7, 5Vdc/7, 4Vdc/7, 3Vdc/7, 2Vdc/7, Vdc/7 , 0, -Vdc/7,-2Vdc/7, -3Vdc/7, - 4Vdc/7, -

5Vdc/7, -6Vdc/7, -Vdc ) from the dc supply voltage The configuration used in this inverter is asymmetrical 

configuration. Multilevel inverter output voltage level increasing by using less number of switches driven by the 

multicarrier modulation techniques. A digital multi carrier PWM algorithm is implemented in a MATLAB 

simulation and the hardware is implemented by using PIC microcontroller. 

Keywords- Asymmetric Cascaded Multilevel Inverter, Harmonic Distortion, MATLAB, semiconductor 

switches, THD 

 

 

I. INTRODUCTION 
 A power inverter, or inverter, is an 

electrical power converter that changes direct current 

(DC) to alternating current (AC). Solid-state 

inverters have no moving parts and are used in a 

wide range of applications, from small switching 

power supplies in computers, to large electric utility 

high-voltage direct current applications that 

transport bulk power. Inverters are commonly used 

to supply AC power from DC sources such as solar 

panels or batteries. But in normal inverters the THD 

is much higher. The concept of multilevel converters 

has been introduced since 1975. The term multilevel 

began with the three-level converter. Subsequently, 

several multilevel converter topologies have been 

developed. However, the elementary concept of a 

multilevel converter to achieve higher power is to 

use a series of power semiconductor switches with 

several lower voltage dc sources to perform the 

power conversion by synthesizing a staircase voltage 

waveform. Capacitors, batteries, and renewable 

energy voltage sources can be used as the multiple 

dc voltage sources. The commutation of the power 

switches aggregate these multiple dc sources in 

order to achieve high voltage at the output; however, 

the rated voltage of the power semiconductor 

switches depends only upon the rating of the dc 

voltage sources to which they are connected. A 

multilevel converter has several advantages over a 

conventional two-level converter that uses high 

switching frequency pulse width modulation  

 

(PWM). The attractive features of a multilevel 

converter can be briefly summarized as follows.  

● Staircase waveform quality: Multilevel 

converters not only can generate the output voltages 

with very low distortion, but also can reduce the 

dv/dt stresses; therefore electromagnetic 

compatibility (EMC) problems can be reduced.  

 

● Common-mode (CM) voltage: Multilevel 

converters produce smaller CM voltage; therefore, 

the stress in the bearings of a motor connected to a 

multilevel motor drive can be reduced. Furthermore, 

CM voltage can be eliminated by using advanced 

modulation strategies such as that proposed in. 

  

● Input current: Multilevel converters can draw 

input current with low distortion.  

 

● Switching frequency: Multilevel converters can 

operate at both fundamental switching frequency and 

high switching frequency PWM. It should be noted 

that lower switching frequency usually means lower 

switching loss and higher efficiency.  

Harmonics have frequencies that are integer 

multiples of the waveform‘s fundamental frequency. 

For example, given a 60Hz fundamental waveform, 

the 2nd, 3rd, 4th and 5
th

 harmonic components will 

be at 120Hz, 180Hz, 240Hz and 300Hz respectively. 

Thus, harmonic distortion is the degree to which a 

waveform deviates from its pure sinusoidal values as 

a result of the summation of all these harmonic 
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elements. The ideal sine wave as zero harmonic 

components. In that case, there is nothing to distort 

this perfect wave. Total harmonic distortion, or 

THD, is the summation of all harmonic components 

of the voltage or current waveform compared against 

the fundamental component of the voltage or current 

wave. 

 

 
 

The formula above shows the calculation 

for THD on a voltage signal. The end result is a 

percentage comparing the harmonic components to 

the fundamental component of a signal. The higher 

the percentage, the more distortion that is present on 

the mains signal. 

Harmonic distortion can have detrimental 

effects on electrical equipment. Unwanted distortion 

can increase the current in power systems which 

results in higher temperatures in neutral conductors 

and distribution transformers. Higher frequency 

harmonics cause additional core loss in motors 

which results in excessive heating of the motor core. 

These higher order harmonics can also interfere with 

communication transmission lines since they 

oscillate at the same frequencies as the transmit 

frequency. If left unchecked, increased temperatures 

and interference can greatly shorten the life of 

electronic equipment and cause damage to power 

systems. So for in this project for reducing the THD 

level the number of levels or steps can be increased. 

 

II. BLOCK DIAGRAM 
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Vout =42V(AC) (15                      

LEVEL AC OUTPUT 

VOLTAGE) 

 

 

                                                                       3.3V PWM pulses 

Switch 1 

Switch 2 

Switch 3 

Single phase H bridge 

inverter 
Resistive load 

15V DC supply 

PIC Micro controller 3.3V DC supply 

 Driver circuit(Opto coupler) 

15V PWM Pulses 

 

 

 
         (Figure 2. 1 proposed block diagram) 

 

H-Bridge Inverter:  

Here the MOSFET based full bridge 

inverter circuit is cascaded for this fifteen level 

inverter. Three switches also connected with this h 

bridge inverter circuit. The snubber circuit (RC) is 

connected across all the switches for protecting the 

switching devices from dv/dt and di/dt ratings. 

 

 Microcontroller Pic16f877a 

PIC 16F877 is a 40-pin 8-Bit CMOS 

FLASH Microcontroller from Microchip. The core 

architecture is high-performance RISC CPU with 

only 35 single word1 instructions. Since it follows 

the RISC architecture, all single cycle instructions 

take only one instruction cycle except for program 

branches which take two cycles. 16F877 comes with 

3 operating speeds with 4, 8, or 20 MHz clock input. 

Since each instruction cycle takes four operating 

clock cycles, each instruction takes 0.2 micro 

seconds when 20MHz oscillator is used. 

It has two types of internal memories: 

program memory and data memory. Program 

memory is provided by 8K words (or 8K*14 bits) of 

FLASH Memory, and data memory has two sources. 

One type of data memory is a 368-byte RAM 

(random access memory) and the other is 256-byte 

EEPROM (Electrically erasable programmable 

ROM). The core feature includes interrupt capability 

up to 14 sources, power saving SLEEP mode, and 

single 5V In-Circuit Serial Programming (ICSP) 

capability. The sink/source current, which indicates 

a driving power from I/O port, is high with 25mA. 

Power consumption is less than 2mA in                5V 

operating condition. 

 

Load: 

 In this project the maximum output power 

level of the inverter is 60w. The maximum output 

voltage level of the inverter is 40 volts. For this 

power rating we can use lamp or small size motors. 

This project implemented in a prototype. 

The voltage levels of the thirteen levels are 

(Vdc, 6Vdc/7, 5Vdc/7, 4Vdc/7, 3Vdc/7, 2Vdc/7, 

Vdc/7,0, -Vdc/7,  -2Vdc/7, -3Vdc/7, - 4Vdc/7, -

5Vdc/7, -6Vdc/7, -Vdc) From the DC supply. The 

voltage levels of the three sources are different. So 

this method of configuration is called as 

asymmetrical multilevel inverter. The inverter level 

is decided by both the modulation index and the 

applied DC voltage level of the inverter. By 

adjusting the different voltage level also we can able 

to increase the number of levels of the inverter. A 

FPGA controller is used for generating the PWM 

signals the inverter circuit. The switching devices 

used in this single phase inverter are MOSFET 

(IRF840). The power handling capacity of the 

inverter is low because the hardware is developed in 

a prototype. 
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3. Circuit Diagram 

 

 
(figure 3.1 circuit diagram) 

 

The proposed single-phase fifteen-level 

inverter was developed from the seven-level 

inverter. It comprises a Single phase conventional H-

bridge inverter, three switches, and three voltage 

sources. This H-bridge topology is significantly 

advantageous over other topologies, i.e., less power 

switch, power diodes, for inverters of the same 

number of levels. Proper switching of the inverter 

can produce fifteen output-voltage levels (Vdc, 

6Vdc/7, 5Vdc/7, 4Vdc/7, 3Vdc/7, 2Vdc/7, Vdc/7,0, -

Vdc/7,  -2Vdc/7, -3Vdc/7, - 4Vdc/7, -5Vdc/7, -

6Vdc/7, -Vdc) from the dc supply voltage. 

 

 
 

The proposed inverter‘s operation can be 

divided into fifteen switching states; the required 

fifteen levels of output voltage were generated as 

follows. 

  Maximum positive output (Vdc): H1 is ON; 

connecting the load positive terminal to Vdc, 

and H2 is ON, connecting the load negative 

terminal to ground. The switches S1, S2, S3 are 

ON the voltage applied to the load terminals is 

Vdc. 

 6/7 positive output (6Vdc/7): H1 is ON, 

connecting the load positive terminal to Vdc, 

and H2 is ON, connecting the load negative 

terminal to ground. The switches S2, S3 are ON 

the voltage applied to the load terminals is 

6Vdc/7. 

 5/7 Positive output (5Vdc/7): H1 is ON; 

connecting the load positive terminal to Vdc, 

and H2 is ON, connecting the load negative 

terminal to ground. The switches S1, S3 are ON 

the voltage applied to the load terminals is 

5Vdc/7. 

 4/7 Positive output (4Vdc/7): H1 is ON; 

connecting the load positive terminal to Vdc, 

and H2 is ON, connecting the load negative 

terminal to ground. The switches S1 is ON and 

S2, S3 is OFF.  The voltage applied to the load 

terminals is 4Vdc/7. 

 3/7Positive output (3Vdc/7): H1 is ON, 

connecting the load positive terminal to Vdc, 

  And H2 is ON, connecting the load negative 

terminal to ground. The switches S1 is ON and 

S2, S3 is OFF.  The voltage applied to the load 

terminals is 3Vdc/7. 

 2/7 Positive output (2Vdc/7): H1 is ON; 

connecting the load positive terminal to Vdc, 

and H2 is ON, connecting the load negative 

terminal to ground. The switches S2 is ON and 

S1, S3 is OFF.  The voltage applied to the load 

terminals is 2Vdc/7.    

 1/7 Positive output (1Vdc/7): H1 is ON; 

connecting the load positive terminal to Vdc, 

and H2 is ON, connecting the load negative 

terminal to ground. The switches S3 is ON and 

S1, S2 is OFF.  The voltage applied to the load 

terminals is 1Vdc/7. 

 Zero output: All the switches S1, S2, S3, H1, 

H2, H3, and H4 are in OFF position. 

 1/7 Negative output (-1Vdc/7): H3 is ON; 

connecting the load positive terminal to Vdc, 

and H4 is ON, connecting the load negative 

terminal to ground. The switches S3 is ON and 

S1, S2 is OFF.  The voltage applied to the load 

terminals is -1Vdc/7. 

 2/7 Negative output (-2Vdc/7): H3 is ON, 

connecting the load positive terminal to Vdc, 

and H4 is ON, connecting the load negative 

terminal to ground. The switches S2 is ON and 

S1, S3 is OFF.  The voltage applied to the load 

terminals is -2Vdc/7. 3/7 Negative output (-

3Vdc/7): H3 is ON, connecting the load positive 

terminal to Vdc, and H4 is ON, connecting the 

load negative terminal to ground. The switches 

S1 is ON and S2, S3 is OFF.  The voltage 

applied to the load terminals is -3Vdc/7. 

 4/7 Negative output (-4Vdc/7): H3 is ON, 

connecting the load positive terminal to Vdc, 

and H4 is ON, connecting the load negative 
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terminal to ground. The switches S1 is ON and 

S2, S3 is OFF.  The voltage applied to the load 

terminals is -4Vdc/7. 

 5/7 Negative output (-5Vdc/7): H3 is ON, 

connecting the load positive terminal to Vdc, 

and H4 is ON, connecting the load negative 

terminal to ground  the switches S1,S3 are ON 

the voltage applied to the load terminals is 

5Vdc/7. 

 6/7 Negative output (-6Vdc/7): H3 is ON, 

connecting the load positive terminal to Vdc, 

and H4 is ON, connecting the load negative 

terminal to ground. The switches S2, S3 are ON 

the voltage applied to the load terminals is –

6Vdc/7. 

 

 Maximum Negative output (-Vdc): H3 is ON; 

connecting the load positive terminal to Vdc, 

and H4 is ON, connecting the load negative 

terminal to ground. The switches S1, S2, S3 are 

ON the voltage applied to the load terminals is –

Vdc. 

                                           

III. RESULT 
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                  Proposed output current waveform 

 

 

 

             

               

 

 

 

 

 

 

   Proposed FFT Analysis Of Proposed System 

              Comparison table of FFT analysis 

 

IV. CONCLUSION 

In this projected paper, fifteen level 

asymmetric cascaded multilevel inverter is 

presented. The projected inverter can create high 

quality output voltage close to sinusoidal Waves. It 

is used to provide improved performance than the 

conventional cascaded multilevel inverter. And also 

this proposed method is used to minimize the 

switching losses. The total harmonic distortion 

(THD) can be supplementary reduced.  
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