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Abstract 
 
Multi-level inverters (MLI) have risen as a reasonable option for different 

power electronic applications. It offers noteworthy highlights regarding 

reduced Total Harmonic Distortion (THD) because of the increasing number 

of voltage levels, less voltage stress, lower filter size, and decreased 

electromagnetic interference (EMI) when contrasted with ordinary two-level 

inverters. The traditional topologies, for example, Flying Capacitor (FC), 

Neutral point clamped (NPC) and Cascaded H-connect (CHB) are 

exceptionally famous for modern applications. Every one of the three 

topologies has constraints regarding more number of capacitors, voltage 

sources, and diodes adjusting for the expanded number of voltage levels. In 

such a manner, Reduced Switched Count Multi-Level Inverter (RSC-MLI) is 

utilized. This paper presents a reduce number of components MLI with an 

adjusted Parabolic transporter based level moved Phase Disposition 

sinusoidal pulse width modulation (LSPD-SPWM) procedure. The exhibition 

of the Modified Multi-level inverter is researched through recreation 

concentrates in Matlab/SIMULINK programming. which obtained better 

results in terms of switches, gate driver circuits, RMS output current (Irms), 

RMS output voltage (Vrms), and Total Harmonic Distortion (THD) as 

compared to triangular carrier wave level-shifted PWM. 
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1 Introduction 
 
A gate driver circuit is the most important tool for connecting the power 

semiconductor switches with the microcontroller. Therefore, a proper 

selection of the gate driver circuit is required which provides adequate 

quality and quantity of output control power and consistency of the inverter. 

Deviation from the above may lead to the occurrence of a fault in the driver 

circuit. We need a harmless and less cost-efficient gate driver solution for 

power electronics applications. Gate driver circuits are one of the important 

links. These gate drive power semiconductor switches (MOSFETs and 

IGBTs) and produce high output voltage and less current abilities with gate 

driver voltages which are generally, up to 12V. There are various types of 

gate driver circuits used for MOSFETs and IGBTs.The gate driver circuits 

are differentiated based on its configuration, the gate driver reactance, the 

type of power semiconductor switches package, and the input DC power 

supply which collectively determines the peak value of output voltage rating 

and current [1–8]. Gate driver circuit is width Modulation. Multi-level cell 

unit with dc source and an inverter Bridge connected through a DC-link [9-

12]. The levels of DC voltage are synthesized to the desired sine wave with 

or without performing the PWM technique. The multi-cell unit contains the 

number of components and the losses are more.  

In the [13] Developed two topologies, Topology-I only discussed 7, 9 

and 11 levels and topology-II for 19-level using adjacent level control 

topology. The drawback is the difficulty of the circuit is more, capacitors are 

used which is costlier.Talked about ongoing advancement on staggered 

inverters and its applications.All these concerns we noticed that the basic 

principle of the inverter is to convert DC voltage to AC voltage. The 

advantages and disadvantages of the FCMLI, DCMLI and CHBMLI are 

discussed in [14]. It is observed that all the structures are containing more 

number of components; the losses are more the efficiency of the inverter is 

decreased. To beat these disadvantages, utilize reduced switched count multi-

Level Inverter (RSC-MLI) to accomplish preferable yield voltage and THD 

over the current [15,16]. 

The structure of this work is in section II modified full-bridge five levels 

inverter using triangular carriers level-shifted SPWM technique at 

modulation index unity and modulating load having 500 ohms, 100mH is 

discussed and reason of poor performance is analyses, where mf is 

proportional of carrier frequency fc to reference frequency fr. In section III 

discussed usage of RSCMLI using PD SPWM technique and new modified 

carrier-wave PD SPWM at mf =100, symmetrical voltage of 100V, R-L load 

having 500 ohm and10mH at mi=1, which obtained better results in terms of  
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switches, gate driver circuits, Total Harmonic Distortion (THD), (Irms) RMS 

output current, and (Vrms) RMS output voltage. 

 

2 Modified H-Bridge Five-Level Inverter with Conventional 
Triangular Carrier Wave SPWM Technique  
 

Modified H-bridge five-level inverter topology shown in Figure 1. Two 

DC voltage source are utilized in this inverter setup to incorporate the yield 

voltage of five levels. The extremity age has four switches (S1, S2, S3 and 

S4) and level producing utilizes switches (S5 and S6). Since the circuit is 

having two dc voltage wellsprings of equivalent extent (E), this is considered 

as a symmetrical design. 

 
        Figure 1: modified H-bridge five-level inverter. 

 

The adjusted h-connect inverter has methods of activity for 

accomplishing five voltage levels at the yield. Table1 communicates the 

voltage levels created at the yield of five-level inverter under different blend 

of exchanging states. 

 
Table 1: Switching Sequence for the Modified Five-Level Inverter 

Mode S1 S2 S3 S4 S5 S6 Output Voltage 

I  ON OFF ON OFF OFF OFF 0 

II  ON OFF OFF ON ON OFF E 

III  ON OFF OFF ON OFF ON 2E 

IV OFF ON OFF ON OFF OFF 0 

V OFF ON ON OFF ON OFF -E 

VI OFF ON ON OFF OFF ON -2E 

A ventured waveform of five-levels (0, +E, +2E, 0, - E, - 2E) under 

reasonable exchanging states is gotten as the yield terminal of the staggered 

inverter.  

The source voltage is equal in magnitude taking 100 Volt each. The 

consider switching frequency of IGBTs in each switch is 2 KHz. Here we are 

taking 2 kHz because below 2 kHz the output voltage (Vp) is decreasing and  
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above 2 kHz to 3 kHz the Vp is increases but THD is not improved, and from 

above 3 kHz the system won’t work. By the simulation 2 kHz is better 

selection of carrier wave. The load performed with resistive and inductive, 

whose values are 500 Ohms and 100mH at modulation index unity. It 

contains five modes. The output voltage levels of mode I, to mode VI gives 

0V, 100v, 200v, 0, -100Vand -200V respectively. The switching components 

are less the losses are less. The design is analyzed with MATLAB Simulink 

software. Figure 2 gives the conventional Triangular-carrier wave SPWM 

technique for five-level inverter. It contains (m-1) carrier waves having 

triangular shape and sinewave as reference, if m indicates number of levels. 

Here mf=40 is taken the design is analyzed with MATLAB Simulink 

software.  

 

 
Figure 2: Conventional triangular carrier SPWM technique. 

 

The simulation result for five-level modified H-bridge MLI by using 

conventional triangular carrier wave level-shifted sine PWM techniques are 

shown in Figure 3(a) to (d). Fig.3 (a) represents the output voltage waveform, 

(b) FFT analysis in output voltage, (c) represents the output current wave 

form and (d) FFT analysis in load current. 

 

 

 

 



                                                                                                                  
 

 

 

 

 
Design of Parabolic Carrier SPWM Technique for Reduced Switched Modified H-

bridge Inverter and Improved Output Power Quality 4287 

 

 
Figure 3: (a), (b), (c) and (d) are corresponding Output voltage, voltage FFT, Output 

current and current FFT for Conventional triangular carrier wave SPWM technique 

for modified H-bridge five-level inverter. 

 

3 Proposed New Carrier PD-SPWM Technique 
 

In general Phase Shifted (PS) and level shifted (LS) PWM techniques are 

used in Multilevel inverters. The proposed PD SPWM technique comes 

under LS PWM technique category [13]. To understand the new parabolic 

carrier, wave SPWM technique with modulation index unity for five-level 

inverter four carrier waves shown in the fig 4.  
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Figure 4: Proposed new parabolic carrier wave level-shifted SPWM technique. 

 

 
Figure 5: (a), (b), (c) and (d) are corresponding Output voltage, voltage 

FFT, Output current and current FFT for proposed parabolic carrier wave 

level-shifted SPWM technique for modified H-bridge five-level inverter. 

 

The PWM will generate the pulses according to the magnitude of Vr for 

reference sine wave if Vc is carrier wave magnitude. The shape of new 

carrier wave will affect the side band harmonics. Here mf =40 is taken. The 

design is analyzed with MATLAB Simulink software.  
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The simulation result for five-level modified H-bridge MLI by using 

parabolic carrier wave level shifted sine PWM technique are shown in Figure 

5(a) to (d). Figure 5(a) represents the output voltage waveform, (b) FFT 

analysis in output voltage, (c) represents the output current wave-form and 

(d) FFT analysis in load current. We noticed that the output waveform has 1) 

Reduced switch count and lower conduction losses, 2) improves THD and 4) 

reduction in filter size. Therefore, the proposed new parabolic carrier wave 

will give the more advantage than the conventional triangular carrier wave 

shape. 

 

4 Conclusions  
 

In the present paper a novel parabolic carrier waves level-shifted SPWM 

technique is applied for reduced switch count multi-level inverter and 

compared with conventional triangular carrier wave level-shifted SPWM 

technique to improve the THD performance and reduction in filter size. The 

performance is analyzed for symmetrical five-level modified H-bridge MLI 

in Simulink environment. The economic efficiency of the inverter is 

increased. The losses and THD are reduced. The quality of output power is 

increased. The overall system performance is increased. The future scope of 

this design is the application of Photo-voltaic Systems which is more 

tremendous usage in nowadays. 
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