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Abstract: The multilevel began with the three level inverter. Use of conventional two – level pulse width 

modulation  (PWM) inverter provide less distorted current and voltage but at cost of higher switching losses due 

to high switching frequency. Multilevel inverter are emerging as a viable alternative for high power , medium 

voltage application. This paper compare total harmonics distortion in three level and five level diode clamped 
multilevel inverter. Diode –clamped three phase topology is considered for study. A sinusoidal PWM technique 

is used to control the switches of the inverter. Simulation study confirms the reduction in harmonics distortion. 
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I. INTRODUCTION 
 Wave form of practical inverter are non- sinusoidal and contain certain harmonics. for low –and 

medium power application, square wave or quasi – square wave form voltage may be acceptable but for high –

power application sinusoidal waveform with low distortion are required. Harmonics content present in the 

output of a dc to ac inverter can be eliminated either by using a filter circuit or by employing pulse width 

modulation (PWM) techniques. Use of filter has the disadvantage of large size and cost, whereas use of PWM 

techniques reduces the filter requirement to a minimum or to zero depending on the type of application. 
Traditional two level high frequency PWM inverter have some drawback, such as production of common mode 

voltage.[1-3] 

 Multilevel inverter have found better counter to the conventional two – level pulse width modulation 

inverter to overcome the above problems. In addition they offer the advantage of less switching stress on 

eachdevice for high voltage high power application , with a reduced harmonics content at low switching 

frequency. 

 A comparative study of five level and seven level diode clamped capacitor clamped and cascade 

inverter has been presented in [4]. The effect of a passive LC filter on the inverter performance was studied. 

simulation result indicated reduction in total harmonics distortion (THD) by using higher number of level. 

This paper investigates five level inverter and seven level inverter diode clamped three phase inverter on the 

basic of the THD .an extensive simulation study to optimize the THD content in the line voltage have been 

presented in this paper. 
 

II. RELATED WORK 
 In recent years, industry has begun to demand higher power equipment, which now reaches the 

megawatt level.Controlled AC drives in themegawatt range are usually connected to the medium-voltage 

network. Today, it ishard to connect a single power semiconductor switch directly to medium voltage grids. For 

these reasons, a newfamily of multilevel inverters has emerged as the solution for working with higher voltage 

levels. Depending onvoltage levels of the output voltage, the inverters can be classified as two-level inverters 

and multilevel inverters. 

 The inverters with voltage level 3 or more are referred as multilevel inverters. Multilevel inverters have 
become attractive recently particularly because of the increased power ratings, improved harmonic performance 

and reduced EMI emission that can be achieved with the multiple DC levels that are available for synthesis of 

theoutput voltage. Xiaoming Yuan and Ivo Barbi [1] proposed fundamentals of a new diode clamping 

multilevelinverter. Bouhali et al[2] developed DC link capacitor voltage balancing in a three phase diode 

clamped invertercontrolled by a direct space vector of line to line voltages. AnshumanShukla et al [3] 
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introduced controlschemes for DC capacitor voltages equalization in diode clamped multilevel inverter 

basedDSTATCOM.Monge et al [4] proposed multilevel diode clamped converter for photovoltaic generators 

with independentvoltage control of each solar array. Renge and Suryawanshi [5] developed five level diode 

clamped inverter toeliminate common mode voltage and reduce dv/dt in medium voltage rating induction motor 

drives. HideakiFujita and Naoya Yamashita [6] discussed performance of a diode clamped linear amplifier. 

Hatti et al [7]proposed a 6.6-KV transformer less motor drive using a five level diode clamped PWM inverter 

for energysavings of pumps and blowers. Srinivas in [8] discussed uniform overlapped multi carrier PWM for a 
six leveldiode clamped inverter. EnginOzdemir et al [9] introduced fundamental frequency modulated six level 

diodeclamped multilevelinverter for three phase standalone photovoltaic system. BerrezzekFarid and 

BerrezzekFarid[10] made a study on new techniques of controlled PWM inverters. Anshumanshukla et al [11] 

proposed flyingcapacitor based chopper circuit for DC capacitor voltage balancing in diode clamped multilevel 

inverter. Thisliteraturesurvey revealsfew papers only on various PWM techniques and hence this work presents 

a novelapproach for controlling the harmonics of output voltage of chosen MLI employing sinusoidal 

switchingstrategies. Simulations are performed using MATLAB-SIMULINK. Harmonics analysis and 

evaluation ofperformance measures for various modulation indices have been carried out and presented. 

 

III. MULTILEVEL INVERTER 
Neutral Point-Clamped Inverter: 

 A three-level diode-clamped inverter is shown in Fig. 2(a). In this circuit, the dc-bus voltage is split 

into three levels by two series-connected bulk capacitors, C1 and C2. The middle point of the two capacitors n 

can be defined as the neutral point. The output voltage van has three states: Vdc/2, 0, and -Vdc/2. For voltage 

level Vdc/2, switches S1 and S2 need to be turned on; for -Vdc/2, switches S1’ and S2’ need to be turned on; 

and for the 0 level, S2 and S1’ need to be turned on. 

 The key components that distinguish this circuit from a conventional two-level inverter are D1 and 

D1’. These two diodes clamp the switch voltage to half the level of the dc-bus voltage. When both S1 and S2 

turn on, the voltage across a and 0 is Vdc i.e., va0 =Vdc. In this case, D1’ balances out the voltage sharing 

between S1’ and S2’ with S1’ blocking the voltage across C1 and S2’ blocking the voltage across C2. Notice 

that output voltage van is ac, and va0 is dc. The difference between van and va0 is the voltage across C2, which 
isVdc /2. If the output is removed out between a and 0, then the circuit becomes a dc/dc converter, which has 

three output voltage levels: Vdc ,Vdc/2, and 0. 

 

 
(a) seven-level.                                    (b) Five-level. 

Figure 2 clamped multilevel inverter circuit topologies. 

 

 Considering that m is the number of steps of the phase voltage with respect to the negative terminal of 

the inverter, then the number of steps in the voltage between two phases of the load k isk = 2m+1 (1) and the 

number of steps p in the phase voltage of a three-phase load in wye connection isp = 2k – 1. (2) 
 The term multilevel starts with the three-level inverter introduced by Nabae et al. [3]. By increasing the 

number of levels in the inverter, the output voltages have more steps generating a staircase waveform, which has 

a reduced harmonic distortion. However, a high number of levels increases the control complexity and 

introduces voltage imbalance problems.Fig. 2(b) shows a five-level diode-clamped converter in which the dc 
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bus consists of four capacitors, C1, C2, C3, and C4. For dc-bus voltage Vdc, the voltage across each capacitor is 

Vdc/4, and each device voltage stress will be limited to one capacitor voltage level Vdc/4 through clamping 

diodes.To explain how the staircase voltage is synthesized, the neutral point n is considered as the output phase 

voltage reference point. There are five switch combinations to synthesize five level voltages across a and n. 

1) For voltage level Van = Vdc/2, turn on all upper switches S1– S4. 

2) For voltage level Van = Vdc/4, turn on three upper switches S2– S4 and one lower switch S1’. 

3) For voltage level Van = 0, turn on two upper switchesS3 and S4 and two lower switches S1’ and S2’. 
4) For voltage level Van = –Vdc/4, turn on one upper switch and three lower switches S1’– S3’. 

5) For voltage level Van = –Vdc/2, turn on all lower switches S1’– S4’. 

 

Four complementary switch pairs exist in each phase. The complementary switch pair is defined such that 

turning on one of the switches will exclude the other from being turned on. In this example, the four 

complementary pairs are (S1, S1’), (S2, S2’), (S3, S3’), and (S4, S4’). 

 

TABLE I. SWITHCING STATES OF THE FIVE LEVEL INVERTER 

Va0 S1 S2 S3 S4 S1’ S2’ S3’ S4’ 

V5=Vdc 1 1 1 1 0 0 0 0 

V4=3Vdc/4 0 1 1 1 1 0 0 0 

V3=Vdc/2 0 0 1 1 1 1 0 0 

V2=Vdc/4 0 0 0 1 1 1 1 0 

V1= 0 0 0 0 0 1 1 1 1 

 

 Although each active switching device is only required to block a voltage level of Vdc/(m-1), the 

clamping diodes must have different voltage ratings for reverse voltage blocking. Using D1’of Fig. 2(b) as an 

example, when lower devices S2’ ~ S4’ are turned on, D1’ needs to block three capacitor voltages, or 3Vdc/4. 

Similarly, D2 and D2’ need to block 2Vdc/4, and D3 needs to block 3Vdc/4. Assuming that each blocking diode 
voltage rating is the same as the active device voltage rating, the number of diodes required for each phase will 

be (m-1) (m-2). This number represents a quadratic increase in m. When m is sufficiently high, the number of 

diodes required will make the system impractical to implement. If the inverter runs under PWM, the diode 

reverse recovery of these clamping diodes becomes the major design challenge in high-voltage high-power 

applications. 

 

IV. MODULATIONTECHNIQUE 
SPWM: 

 Several multicarrier techniques have been developed to reduce the distortion in multilevel inverters, 
based on the classical SPWM with triangular carriers. Some methods use carrier disposition and others use 

phase shifting of multiple carrier signals [7], [8], [9]. 

 The sinusoidal PWM compares a high frequency triangular carrier with three sinusoidal reference 

signals, known as the modulating signals to generate the gating signals for the inverter switches. This is 

basically an analog domain technique and is commonly used in power conversion with both analog and digital 

implementation.The smallest distortion is obtained when the carriers are shifted by an angle of 𝜃 = 360° ⋰
𝑁𝐶 = 120°. A very common practice in industrial applications for the multilevel inverter is the injection of a 

third harmonic in each cellto increase the output voltage [6], [10]. Another advantageous feature of multilevel 

SPWM is that the effective switching frequency of the load voltage is three (NC=3) times the switching 

frequency of each cell, as determined by its carrier signal. This property allows a reduction in the switching 
frequency of each cell, thus reducing the switching losses. 

 

Proposed SPWM for NPC Multilevel Inverter: 

 In the SPWM scheme for two-level inverters, each reference phase voltage is compared with the 

triangular carrier and the individual pole voltages are generated, independent of each other. The SPWM 

technique, for multilevel inverters, involves comparing the reference phase voltage signals with a number of 

symmetrical level-shifted carrier waves for PWM generation [11]. It has been shown that for an n-level inverter, 

n-1 level-shifted carrier waves are required for comparison with the sinusoidal references [11]. 

When used for an NPCMLI with n number of voltage levels, n-1 number of triangular carrier waves is used. 

These carrier waves have the same frequency and are arranged on top of each other, so that they together span 

from maximum output voltage to minimum output voltage [12]. When one carrier wave is crossed by the 
reference the output wave steps one level up or down with a switch transaction. 
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V. RESULT & ANALYSIS 
 The simulation is carried out using MATLAB/Simulink. Simulation circuit of three phase  level NPC 

isshown in Figure.1. Detailed simulation circuit of each phase is shown in Figure.2. Input is 100V DC .levels 

inverter output voltage and current in a phase are shown in Figure3. and Figure4.respectively. The 

phasevoltages and currents in three phase inverter are shown in Figure5. and Figure6.respectively. The line 
voltagesare shown in Figure7.. The circuit is analyzed for RL load. The FFT analysis result is shown in Figure.8 

 

MATLAB Model for  Five level DCMLI:- 

 The simulation is carried out using MATLAB/Simulink. Simulation circuit of three phase Five level 

shown in figure 5.13. Detailed simulation circuit shown is figure 5.14. input is 100 v dc. five level inverter 

output voltage. The FFT analysis is result. 

 

Simulation Result for PWM generating logic PDPWM technique: 

 

 
Figure 1Simulation Resultfor PWM generating logic Five Level PDPWM technique ( ma = 1  and  mf =20) 

 

Simulation Result for Output voltage generated by PDPWM technique: 

 

 
Figure 2Simulation Result for output voltage for Five Level PDPWMtechnique 
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Phase voltage of Three Phase PDDCMLI: 

 

 
Figure 3Phase voltage of Three Phase Five Level DCMLI 

 

FFT plot for Simulation Result output voltage of PDPWM technique 

 

 
Figure 4FFT plot for Simulation Result output voltage of PDPWM technique 
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Simulation Result for Seven level PWM generating logic PDPWM technique 

 

 
Figure5Simulation Result for PWM generating logic PDPWM technique 

 

Simulation Result for Output voltage generated by PDPWMtechnique 

 

 
Figure 6 Simulation Result for Output voltage generated by PDPWMtechnique 
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Phase voltage of Three Phase PDDCMLI 

 

 
Figure 7 Phase voltage of Three Phase PDDCMLI 

 

FFT plot for Simulation Result output voltage of PDPWM technique 

 

 
Figure 8 FFT plot for Simulation Result output voltage of PDPWM technique 

 

TABLE % THD comparison for different LEVELS 

It has shown that decrease in voltage THD in moving from three levelstoseven level inverter. It has shown that 

number of level increase output voltage THD is decrease. 

 

Output Voltage level of NPCI THD Fundamental Component 

Five level  16.30 346.5 

Seven Level 10.79 515.1 
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VI. CONCLUSION 
 A SPWM technique is proposed for three-level and five-level NPC inverter. The main feature of the 

modulation scheme lies in its ability to eliminate the harmonics in the inverter output voltages.The harmonic 

content and THD of the inverter output voltage produced by the three and five levels are compared and it 

seamless for five level diode clamped inverter compared three level  diode clamped multilevel inverter. 
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