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Abstract :t—Two-level inverters are popularly used in PV systems to converter DC voltage into AC voltage. But the two-level inverters 

contains drawbacks like poor harmonic profile, high dv/dt and so on. To address these issues, many multi-level inverters are proposed 

in the literature. But harmonics are still present at first center and which is equal to switching frequency even with multi-level inverters. 

In order to shift harmonics to further higher levels, switching frequency has to be increased. If the switching frequency of inverter 

increases, switching losses increases. The percentage of losses increases further more in medium voltage and high voltage applications. 

To address this issue, a novel PWM technique for a five-level inverter is presented in this paper. The five-level inverter is developed by 

using one leg of three-level diode clamped inverter and one leg of two-level inverter. Two isolated DC voltage sources are connected to 

the entire inverter configuration. By using a novel PWM technique, all harmonics are shifted near to second center band which is equal 

to two times switching frequency. As availability of isolated dc sources are common in case of different PV system modules, two dc 

sources can be easily obtained. The proposed inverter is simulated in MATLAB/Simulink and results are presented. The analysis is 

carried to study the behavior of the inerter during the failure of some switching devices and Dc sources.  
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I. INTRODUCTION 

      Power generation using PV systems is becoming more popular due to lack of availability of fossil fuels [1]. As power 

generated with PV system is DC, inverters are required to converter it into AC quantity. Conventional two-level inverters are 

popularly used in this application. But, the output voltage of these inverter contains more harmonic component which will 

deteriorates lifetime of the load [2]-[5]. The rate of rise of output voltage (dv/dt) of two-level inverter is also considerably high 

[6]. If any switch of a two-level inverter fails, entire system will not function [7]. These issues are minimized by using multilevel 

inverters [8]-[9]. Although conventional multilevel inverters have many advantages, these are suffering with some disadvantages 

like neutral point voltage balancing issue [10], requirement of more number of capacitor banks [11] and isolated dc sources [12]. 

To minimize these drawbacks of conventional multilevel inverters, many multilevel inverter configurations were proposed in the 

literature. An interesting five-level inverter configuration is proposed in [13] which are using only two-level inverters to produce 

five-level voltage waveform. A multilevel inverter configuration is also proposed in [14]-[15] which will minimize the problems 

associated with conventional multilevel inverters. On the other hand, reliability is the important issue as the inverters are often 

used in critical load applications like motor control which drives the critical load and reactive power compensation etc. If anyone 

switch of the conventional multilevel (neutral point/flying capacitor) inverters fails, the inverter cannot be operated. Moreover, 

there are many causes for the failure of switching devices/gate driver circuits as these are sensitive parts of inverter circuit. The 

failure of switching device may occur due to various reasons like aging, miss firing, dv/dt, over voltage, overt current etc. In case 

of critical loads, failure of inverter circuit causes huge production loss. In this regard an interesting five-level inverter 

configuration is proposed in [16] which is constructed by using one leg of three-level neutral point clamped inverter and one leg 

of two-level inverter and a bi-directional switch (four quadrant switch). The main drawback of this inverter configuration is it 

requires one extra bi-directional switch to operate the inverter during the failure of some switching devices. By extending this 

concept, a five level inverter configuration is proposed in this paper by using only six switching devices. Moreover first center 

band harmonics are cancelled by using a noel pwm technique which is more suitable to the proposed inverter configuration. In 

this pwm technique, gating pulses for three-level inverter leg is produced as presented in [17] which is well known technique. But 

gating pulses for two-level inverter leg is produced by using the concept presented in the next section. 

 

II       DESIGN OF FIVE-LEVEL INVERTER AND PWM TECHNIQUE 

The power circuit of a five-level inverter configuration is shown in Fig. 1. It requires eight switching devices and out of these six 

switching devices are controlled devices and two are uncontrolled diodes. But conventional five-level inverter requires eight 

controlled switching devices which will increase control complexity of the system. In this inverter circuit, two isolated DC 

voltage sources with a magnitude of Vdc/2 are used to feed entire configuration. The voltage rating of control switches S1 and S2 

is equal to Vdc. The voltage rating of control switches S3 to S6 is equal to Vdc/2. All these six switching devices are conventional 

two quadrant switches. During the voltage level Vdc, the switching devices S1, S5 and S6 will conduct and the switching devices 

S1, S4 and S5 will conduct for the voltage Vdc/2 as shown in Fig.2. Similarly the switching devices S2, S5 and S6 will conduct for 

zero voltage level. The negative voltage level Vdc/2 can be produced by switching S2, S4 and S5 and negative Vdc can be produced 

by switching S2, S3 and S4. In this way five voltage levels can be produced at the output of inverter.  
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Fig. 1: Power circuit of a five-level inverter Topology. 

 

But in this PWM technique, decoupled PWM concept is used to produce gating signals for each switch of the inverter. Fig. 1 

shows two separate legs of two-level inverter and three-level inverter. The gating signals for two-level inverter leg is produced by 

using one sine wave and two carrier waves as shown in Fig. 3(a). If modulating signal is greater than top carrier wave then S1 will 

be conducting and if modulating signal is less than bottom carrier signal then the switch S2 will be conducting. Modulating and 

carrier signals used for three-level inverter are shown in Fig. 3(b). Here modulating signal is phase shifted by 1800 compared with 

modulating signal of other modulating signal and carrier signals are in phase with each other. Logic to generate gating signals for 

three-level inverter leg is shown in Table I.  

TABLE I 
POSSIBLE SWITCHING COMBINATIONS TO GENERATE FIVE-LEVEL VOLTAGE WAVEFORMS 

    Switches 
 

Voltage 

Levels 

 
 

S3 

 
 

S4 

 
 

S5 

 
 

S6 

Modulating and 
carrier waves 

+Vdc/2 ON ON OFF OFF M > C1 

0 OFF ON ON OFF C1 < M < C2 

-Vdc/2 OFF OFF ON ON C2 < M 

(M-Modulating signal, C1- Top carrier and C2- bottom carrier) 
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Fig. 2: Power circuits for getting five-level voltage wave forms (a) Vdc (b) Vdc/2 (c) Zero (d) –Vdc/2 and (e) –Vdc. 

 
By providing 1800 phase shift between modulating signals, harmonics will be shifted to two times the switching frequency. The harmonic 

spectrum of output voltages will be presented to show the cancellation of harmonics at first center band and it is presented in the next section.  

 
(a) 

 

 
(b) 

Fig. 3: Proposed PWM technique for five-level inverter (a) modulating and carrier waves for two-level inverter (b) modulating 

and carrier waves for three-level inverter. 

IV.  RESULTS AND DISCUSSION 

       The proposed five-level inverter configuration is simulated in MATLAB/Simulink and results are presented. The dc voltage 

source magnitude of Vdc is taken as 100V and load resistance of 10Ω and inductance of 50mH. 

The voltage across the load and current through it are shown in Fig.4. From Fig. 4, it is clear that, five-level voltage waveform is 

produced. As total voltage is divided five voltage levels, dv/dt of the output voltage is also reduced. It is also clear from Fig.4 

that, current waveform is sinusoidal as the voltage waveform is almost sinusoidal.  
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Fig.4: Top trace is the load voltage and bottom trace is the load current of a five-level inverter. 

 

Fig.5: Top trace is the pole voltage of two-level inverter leg and second trace is the pole voltage of three-level inverter leg 

and bottom trace is the total voltage across load. 
 

Fig.5 shows the two-level inverter pole voltage and three-level inverter pole voltage and output voltage. As gating pulses for two-

level inverter are produced by using two carrier signals, pole voltage of two-level inverter is almost similar to three-level inverter 

output voltage. Fig. 6(a) shows harmonic spectrum of two-level inverter pole voltage where harmonics are present near to first 

center band which is equal to switching frequency. Similarly Fig. 6(b) shows the harmonic spectrum of three-level inverter pole 

voltage where harmonics are present near to first center band. As the modulating signals of two-level inverter and three-level 

inverter are phase shifted by 1800, all odd center band harmonics are also phase shifted by 1800. As effective voltage is the 

difference of both inverter pole voltages, all odd center band harmonics are cancelled. 

 

 
(a) 

 
(b) 
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(c) 

Fig.6: Harmonic spectrum of output voltage (a) Harmonic spectrum of two-level inverter pole voltage (b) Harmonic spectrum of 

three-level inverter pole voltage (c) Harmonic spectrum of total voltage. 

By using proposed inverter configuration and PWM technique all center band harmonics are shifted to two times the switching 

frequency. 

V. CONCLUSION  
      A five-level inerter with decoupled PWM technique is proposed in this paper. All harmonics are shifted to two times the 

switching frequency without increasing switching frequency. To achieve this decoupled SPWM technique is used for this 

configuration. Harmonic spectrum and different voltage waveforms are presented to show the validity of proposed inverter 

configuration. Requirement of switching devices is reduced in this inverter configuration compared to conventional five-level 

inerter configuration. Moreover, control complexity of the proposed inverter is also less compared to conventional five-level 

inverter. The same inverter can be operated as a three-level inverter and two-level inverter during the failure of different 

switching devices. Whereas conventional neutral point clamped inverter/flying capacitor inverter cannot be operated during the 

failure of any one switching device. The proposed inverter circuit is simulated using MATLAB/Simulink. The number of voltage 

levels can be increased further by cascading these units.  
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