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Abstract: Researchers try to improve the multilevel inverters performance or make them 

more economically proposing new switching algorithms or novel structures. In this paper, a 

new structure is proposed for symmetric cascaded multilevel inverter which has a simpler 

structure and uses fewer power switches compared to conventional cascaded inverter. The 

reduction in the number of power electronic devices will result in the reduction of the 

economic cost, installation area and switching losses. The proposed structure consists of a 

number of separate voltage sources at the input side to generate different voltage levels and 

an H-bridge at the output side. Switches also connect the input voltage sources to the output 

in a direct form or in series. Input sources can be isolated batteries or renewable energy 

sources such as solar cells and or fuel cells. Using fundamental switching frequency, the 

proposed inverter capable of generating 7 levels of voltage at the output, is simulated by use 

of MATLAB/SIMULINK software. The simulation results confirm the performance accuracy 

and capability of the proposed inverter to generate different voltage levels. 

Keywords: Multilevel inverter, Cascaded inverter, Symmetric structure, Asymmetric 
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I. INTRODUCTION 

Voltage source inverters are categorized into two categories of two-level and multilevel 

inverters[1]. Multilevel inverters have many advantages over two-level inverters including: 

higher quality delivery power with lower harmonic at the output [2], use of components 

with lower voltage ratings, lower switching losses [3], higher efficiency, lower 
𝑑𝑣

𝑑𝑡
 rate at the 

output and therefore lower stress on the load, higher voltage capacity and better 

electromagnetic compatibility [4]. Therefore, multilevel inverters have found many uses in 

industry including: use in micro-grids and distributed generation systems, renewable energy 

sources interface [5], static compensators [6], motor drivers [7], filters and FACTS devices 

[8]. Multilevel inverters are categorized into the three main categories of diode-clamped, 

flying capacitor and cascade[9-12]. Cascaded inverter, uses the lowest number of devices in 

its structure compared to the other two types [13]. Also, this inverter has higher voltage 

levels, power (13.8kV & 30MVA) and reliability [14]. Given the ever increasing importance of 

multilevel inverters over recent years, different schemes have been developed to control 

these inverters, and the following ones are of special importance amongst these algorithms: 

sinusoidal pulse width modulation, pulse width modulation with selective harmonic 

elimination and space vector modulation [15]. 

II. CONVENTIONAL CASCADED INVERTER 

This inverter is comprised of series connection of H-bridges. Each bridge consists of an input 

voltage source and 4 unidirectional switches with antiparallel diode and can generate three 

voltage levels of +VDC, 0 and –VDC at the output. The cascaded inverter is categorized into 

two categories of symmetric and asymmetric. The symmetric cascaded inverter uses input 

voltage source with equal values, and in this status, if n number of input voltage sources 

exist in each phase, then 2n+1 levels can be obtained in the output voltage [17]. In 

asymmetric cascaded inverter, input voltage sources have different values and can generate 

more voltage levels compared to symmetric cascaded inverter at the output. In this case, 

usually three incremental schemes called unary, binary and trinary are used to select input 

voltage sources values. 
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Figure 1. shows conventional cascaded inverter in the single phase form [16]. 

 

Figure 1. Conventional cascaded multilevel inverter topology in general 

If n number of input voltage sources exist in the inverter structure, then Equation 1. shows 

the input sources values in the unary incremental scheme. 

Vk=kV1    k = 2, 3,…, n    (1) 

Equation 2. shows the input sources values in the binary incremental scheme. 

Vk+1 = 2𝑘V1        k = 1, 2, 3,…, n-1  (2) 

Equation 3. shows the input sources values in the trinary incremental scheme. 

Vk+1 = 3𝑘V1            k = 1, 2, 3,…, n-1  (3) 

Table 1. shows the number of generatable voltage levels at the output and also the number 

of switches for single phase conventional cascaded inverter in both symmetric and 

asymmetric modes. 

Table 1. Conventional cascaded multilevel inverter number of switches and output 

voltages 

Asymmetric Mode 

 Symmetric Mode Unary Binary Trinary 

Nlevel 2n+1 n(n+1)+1 2𝑛+1-1 3𝑛 
Nswitch 4n 4n 4n 4n 
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III. THE PROPOSED TOPOLOGY 

Figure 2. shows the proposed structure for symmetric cascaded inverter. As it is clear from 

the figure, this inverter consist of n voltage sources at the input side and 2n+2 number of 

switches. All circuit switches include a unidirectional IGBT with antiparallel diode. The 

polarity of input sources change alternatively and the H-bridge generates positive and 

negative voltage levels. Figure 3. shows a schematic comparison between the proposed 

inverter and conventional cascaded inverter in terms of the number of required power 

switches. 

 

Figure 2. Proposed topology in general 

 

Figure 3. Comparison of the required number of switches to realize Nlevel voltage in 

conventional and proposed structures 
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Table 2. shows required switches and input voltage sources for some output voltage levels 

for proposed topology and conventional topology. According to Figure 3. and Table 2. the 

proposed inverter uses fewer switches compared to conventional cascaded inverter for the 

generation of different output voltages, which results in the reduction of the final cost of 

the inverter, installation area and switching losses. 

Table 2. Required voltage sources and switches for proposed and conventional topology 

Number of Input 
Sources 

Number of Output 
Voltage Levels 

Switches for Proposed 
Topology 

Switches for 
Conventional 
Topology 

3 7 8 12 

5 11 12 20 

7 15 16 28 

IV. CASE STUDY 

Figure 4. shows the proposed inverter capable of generating 7 levels of output voltage. This 

inverter consists of 3 input voltage sources and 8 power switches. Table 3. shows the 

switching states and output voltage for this inverter. In this table, 1 means that the switch is 

ON and 0 means that the switch is OFF. 

 

Figure 4. Proposed topology capable of generating 7 output voltage levels 

Table 3. Switching states for 7 level proposed topology 

S1 S2 S3 S4 T1 T2 T3 T4 Vo 

0 0 0 0 1 0 1 0 0 

1 0 1 0 1 0 0 1 V 

0 1 0 1 1 0 0 1 2V 

0 1 1 0 1 0 0 1 3V 

1 0 1 0 0 1 1 0 -V 

0 1 0 1 0 1 1 0 -2V 

0 1 1 0 0 1 1 0 -3V 
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V. SIMULATION RESULTS 

In this section, we focus on the simulation of the inverter shown in the previous section with 

MATLAB/SIMULINK software. The voltage sources are considered with 200V and inductive 

ohmic load of L=400mH and R=15Ω. Figure 5. shows 7 levels output voltage and Figure 6. 

shows the harmonic spectrum of the output voltage. Figure 7. shows the load current and 

Figure 8. shows the harmonic spectrum and load current THD. As it is clear from Figure 7. 

the load current is approximately sinusoidal which represents the performance accuracy of 

the proposed inverter. 

 

Figure 5. Output voltage with 7 levels 

 

Figure 6. Harmonic spectrum of output voltage 
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Figure 7. Load current 

 

Figure 8. Harmonic spectrum of load current 

VI. CONCLUSION 

In this paper, a new structure has been proposed for symmetric cascaded multilevel inverter 

that has a simpler circuit and fewer power electronic components compared to the 

conventional cascaded inverter. The proposed inverter has been simulated by use of 

fundamental switching frequency and the results of the simulation confirm the performance 

accuracy of this inverter. 
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