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Abstract— In this paper a symmetrical reduced switch reverse 

voltage (RSRV) multi-level inverter which is comparable to 

the conventional multilevel inverter is presented. With 

reduced number of switches, the performance of the 

conventional multi-level inverter is achieved. Switching 

angles of each switch are found by using the simple algorithm 

based on the property of sine wave. Finally a model of 13-

level multi-level inverter is build and presented. The 

simulation results of this topology inverter are included. 
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I. INTRODUCTION 

The concept of multi-level converters has been introduced 

since 1980s [1]. The term multi-level began with the three-

level converter. The basic concept of multi-level inverter 

(MLI) is to add up several small DC sources with proper 

switching sequence so as to obtain a stepped waveform which 

resembles to AC sine waveform [2]. The advantages of such 

conversion are reduced voltage stress across the switch and 

load and the improved power quality. The basic MLI 

topologies are Diode-Clamped inverter, capacitor clamped 

inverter and cascaded H-Bridge inverter [1,3,4]. Several 

control and modulation techniques have been developed for 

these multilevel inverters [5]. Applications of these inverters 

are variable speed drives, FACTS, HVDC and distributed 

energy generation using renewable energy sources like wind, 

solar, fuel cell etc, [1,3]. 

Among the basic three topologies, the cascaded H-

Bridge multi-level inverter is more popular because of its 

reliability due to its modularity. The cascade connection of 

several basic H-Bridge inverters results the Cascaded Multi-

level Inverter (CMLI). Each basic H-Bridges can produce 

three levels of output (±Vdc, 0). Where, Vdc is the DC source 

voltage of each H-Bridge. The output of the CMLI with ‘n’ 

Bridges in cascade is given by [2], 

V0=V01+V02+….+V0n   (1) 

For symmetrical DC sources, the number of output 

level is given by [2], 

N=2n+1    (2) 

In all the topologies, the number of power semi-

conductor devices requirement is increases with the number 

of output levels. The power quality of the output is increases 

with the number of levels. But when we increase the output 

levels the circuit complexity is increases. This is the major 

disadvantage of the MLI. To overcome this disadvantage 

several MLI topologies with reduced number of switches are 

introduced [2,6-10]. 

The topology presented in [2,6,7], the MLI with 

reduced number of switches are described but the authors are 

used the bidirectional switches. In [8], the authors presented 

a new topology with reduced number of switches. It requires 

additional transformers which increases the system cost and 

reduces the efficiency and reliability. 

In [9], the authors used six switches sub-multi-level 

modules with series connected transformer in the output of 

each sub-multi-level module. The use of transformer 

increases the size and cost of the system. Several other 

topologies [10,11] are introduced with asymmetrical DC 

sources. These topologies produce higher number of levels 

with reduced number of components.  

This paper presents an overview of a new multi-

level inverter topology with reduced number of switches. 

This topology of inverter uses symmetrical DC sources. The 

number of switches used in this topology is less as compared 

to the conventional H-Bridge inverters and also it uses only 

the unidirectional switches. The switching algorithm for 

finding the proper switching angles for each level with 

minimum computational effort using the simple sine property 

is presented. Finally the MATLAB/Simulink model for 13-

level inverter is presented with the simulation results. This 

verifies the validity of this topology.   

II. MULTI-LEVEL INVERTER TOPOLOGY 

This topology named as Reduced Switch Reverse Voltage 

(RSRV) topology. It is basically consists of two circuits one 

is magnitude generator or level generator and other is polarity 

generator. Magnitude generator is responsible for generation 

of all possible positive levels of the output. This part requires 

high-frequency switches to generate the required levels. The 

switches in this part should have high-switching-frequency 

capability to produce half-wave sine output. 

The other part called polarity generation part is 

responsible for generating the positive and negative half 

cycles of the output voltage, which is the low-frequency part 

operating at the fundamental frequency. 

The topology combines the two parts (high 

frequency and low frequency) to generate the multilevel 

voltage output. In order to generate a complete multilevel 

output, the positive levels are generated by the high-

frequency part (level generation), and then, this part is fed to 

a full-bridge inverter (polarity generation), which will 

generate the required polarity for the output. This will 

eliminate many of the semiconductor switches which were 

responsible to generate the output voltage levels in positive 

and negative polarities. The Fig.1 shows the Circuit Diagram 

of RSRV topology for 13 levels. 

As seen in the Fig.1, different switches operate 

during the respective levels. Table.1 shows the switching 

sequences for various levels of the output of the magnitude 

generator. During positive half cycle of the output, the 

switches S11and S12 are ON. During negative half cycle of the 

output the switches S13 and S14 are ON. 

In the Magnitude generator, Level one follows the 

switching sequence of S2-S3-S4-S5-S6. For level two it is S2-

S3-S4-S5-S7, for level three it is S2-S3-S4-S8, for level four it 

follows as S2-S3-S9, for level five it is S2-S10, for level six S1 

on. 
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In the above mentioned operation of switches in the 

Magnitude generator, the switches S11 and S12 are ON in the 

Polarity generator. 

The whole cycle of operation of switches in the 

above mentioned sequence will repeat for negative cycle, but 

the difference being the operation of switches S13 and S14 in 

the Polarity generator. 

 
Fig. 1: Circuit Diagram of RSRV topology 

  
Table 1: Values of Vo for Different States of Switches 

III. SIMULATION DIAGRAM 

 
Fig. 2: Simulink model of RSRV topology 

The MATLAB-Simulink model of the 13-level RSRV 

topology of multi-level inverter is shown in the Fig. 2. As 

shown in the MATLAB-Simulink circuit, a total of 14 

IGBT’s are used and each IGBT is given separate pulses via 

the pulse generator block present in MATLAB. Thus the 

simple single PWM is used and hence the output obtained 

without any modulation resembles to a triangular waveform. 

IV. MODULATION 

The performance of the MLI depends on the proper selection 

of the switching angles. Switching angles can be found by 

using any optimization techniques like Newton Rapson 

method, Resultant theory and Genetic algorithm. These 

methods require more computational efforts. Therefore 

switching angles can be calculated by Sine Property, 

Sin α (k) = [(k-1) +0.5]/n   (3) 

Where, k=1, 2,……, n & n= (N-1)/2 

The present work of reducing the THD content in 

the output, known as Sine Property method which reduces the 

THD of the output voltage and current as compared to the 

equal PWM method and hence the quality of output 

waveform is improved. 

Many modulation techniques are provided like equal 

PWM, space vector modulation, sine PWM methods. But the 

switches need to operate at high frequency and hence 

switching losses are also associated with it. Hence, reduced 

THD is achieved. Hence, the Sine property is also flexible in 

terms of providing pulses to the switches. 

V. RESULTS AND DISCUSION 

This section shows the simulation results performed on R 

load and RL load. The simulation is performed in MATLAB 

and taking 50 Hz as a fundamental frequency. The value of R 

is taken as 50Ω and the corresponding output voltage and 

current waveforms are shown in Fig. 3&4. The corresponding 

frequency spectrums are shown in Fig. 5&6. The output 

voltage and current waveforms are contains all the 13-level 

outputs. Here the Vdc is 50V. Therefore the output is having 

the maximum of 300V. The current and voltage THD is found 

to be 6.38%. 

 
Fig. 3: Output voltage waveform of 13-Level inverter 

 
Fig. 4: Output current waveform of 13-Level inverter 
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Fig. 5: Frequency spectrum of output voltage 

 
Fig. 6: Frequency spectrum of output current 

The simulation of 13-level inverter is also performed 

with RL load. The value of R and L is taken as 10Ω and 

131mH. The output voltage and current waveforms for RL 

load is shown in Fig.7&8. The output voltage waveform 

contains 13-stepped waveform whereas the current waveform 

is like a smooth sine waveform because of the inductive 

nature of the load and also from the waveform we can observe 

the phase angle difference between the voltage and current. 

The frequency spectrum of the output voltage and current for 

RL load is given in Fig.9&10. The THDs of voltage and 

current are 22% and 0.1%. 

 
Fig. 7: Output voltage waveform of 13-Level inverter with 

RL-load 

 
Fig. 8: Output current waveform of 13-Level inverter with 

RL-load 

 
Fig. 9: Frequency spectrum of output voltage with RL-load 

 
Fig. 10: Frequency spectrum of output current with RL-load 

VI. CONCLUSION 

The operation of RSRV-MLI topology of inverter with 

reduced number of switches is discussed and evaluated. The 

simulation results are proved the strength of the theoretical 

concept. This topology has superior features over 

conventional topologies in terms of the required power 

switches, control requirements, cost, and reliability. In the 

mentioned topology, the switching operation is separated into 

high and low-frequency parts. This will add up to the 

efficiency of the converter as well as reducing the size and 

cost of the final prototype. 
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