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Abstract  

Because of the rise in electricity consumption, renewable energy sources such as the solar and wind are increasingly 

being used to generate electricity. The integration of renewable energy sources into the grid is critical to energy 

utilization. The major goal of the new proposed structures is to achieve high output voltage while using fewer power 

electronic elements such as switches, diodes, and DC input voltage sources, unlike conventional topologies. In 

addition to lowering costs, size, and complexity, reducing the number of switches and DC voltage sources improves 

inverter performance. This paper presents a general multilevel inverter based on full-bridge cells. Two specific cases 

of proposed topology are investigated in detail. The proposed structures have the advantage of reducing the power 

electronic elements and the switching complexity. It is also possible to configure asymmetric sources to achieve 

maximum output levels. The first special case is a synthesis with seventeen levels of output, four input voltage 

sources, and nine switches achieved to the Total Harmonic Distortion (THD) of output voltage equal to 5.68% in 

100 HZ frequency of switching carriers and THD of output voltage equal to 6.69% for 5000 HZ frequency of 

switching carriers. The second case involves the synthesis of forty-three levels of output with six input voltage 

sources and twelve switches achieved to the THD of output voltage equal to 3.49% in 100 HZ frequency of switching 

carriers and THD of output voltage 3.99% for 5000 HZ frequency of switching carriers. The proposed topologies 

are switched using a multicarrier pulse width modulation method. When compared to conventional structures, two 

special cases of this general topology have significantly reduced the number of power electronic switches. Also, a 

comparison of the proposed topology with the other structures, results show that the proposed structure has optimally 

reduced the number of power elements. 
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1. Introduction 

     Today, DC/AC power conversion is critical in the 

generation, transmission, distribution, and utilization 

of electric power [1]. Multilevel inverters (MLI) play 

an important role in a variety of applications such as 

power supplies, flexible AC transmission systems, 

electric and hybrid electric vehicles, and the 

integration and utilization of renewable energy  

 [2-16]. MLI is widely used in high and medium 

voltage conversion due to its high quality, low total 

harmonic distortion (THD), less stress on the 

switches, electromagnetic compatibility, and low 

switching losses. 
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Many researchers have devoted their efforts in recent 

years to developing topologies for multilevel 

inverters. The ‘Cascaded Half-Bridge based on 

multilevel DC link (MLDC)' is a multilevel inverter 

introduced in [17]. The structure is simple and highly 

modular, but isolated input DC levels are required. In 

[18-22], a competitive multilevel inverter topology 

was introduced in comparison to the classical 

topology. The topology is known as a ‘packed U-cell' 

topology. It has a simple structure, but the sources 

must be asymmetric and isolated. [23] presents a 

multilevel inverter topology capable of accessing any 

combination of input sources. This topology 

necessitates the use of both unidirectional and 

bidirectional switches. The modular structure of the 

[23] topology is introduced in [24]. [25] describes a 

modular topology that can use both symmetric and 

asymmetric source configurations. 

This paper presents a general multilevel inverter 

based on full-bridge cells. The proposed structures 

have the advantage of reducing the power electronic 

elements and the switching complexity. It is also 

possible to configure asymmetric sources to achieve 

maximum output levels. The innovation of this article 

is that we have achieved high voltage and current 

output levels compared to other similar structures by 

using the least switching elements and also by 

applying a suitable source pattern. The advantages of 

this paper structures are as follows: firstly, it 

eliminates the need to use an output filter, and 

secondly, it significantly reduces the number of 

power electronics elements compared to similar 

models that can produce the number of output 

surfaces of our structure .  In fact, the main purpose of 

this topology is to reduce the number of power 

switches, reduce the complexity of using asymmetric 

resources, and reduce the complexity of switching.   

The method of work has been that we have achieved 

the mentioned goals by using an innovative 

arrangement of power switches and voltage sources. 

The simulation results also show that by using the 

presented topology, both the number of power 

switches used has been reduced and the characteristic 

of betting and output current has been improved, 

which eliminates the need to use an output filter.   

The following is how the paper is organized. Section 

2 presents the proposed multilevel inverter with 

asymmetric source configuration. Section 3 discusses 

the simulation results for two special cases of the 

proposed topology. Section 4 contains the conclusion. 

 

 

 

2. The proposed multilevel inverter topology 

In this paper, a general multilevel inverter topology is 

presented, which can be simplified in a variety of 

ways. The structure of this topology is derived from 

the longitudinal and transverse expansion of the full 

bridge inverter cell. All "expansion" cells must be 

connected in such a way that there are always two 

common keys between the cell and the next extended 

cell, in both the transverse and longitudinal 

directions. Figure 1 depicts a full bridge inverter cell. 

This figure depicts the orientation of the cell's 

longitudinal and transverse extensions in order to 

achieve the proposed topology. Figure 1 also shows 

the general mode of the inverter's topology. 

2-1 A review of two particular states of the 
proposed topology 
The first special case of the proposed topology results 

from a longitudinal extension and two transverse 

extensions of the full bridge cell, resulting in a 

topology with four full bridge cells. Structure 1 is the 

name we give to this topology. The second special 

case of the topology is derived from two longitudinal 

extensions and three transverse extensions of the full 

bridge cell, resulting in a structure of six full bridge 

cells. Structure 2 is the name we give to this topology. 

The first special case is shown in Figure 2 a., and the 

second in Figure 2 b. demonstrates the proposed 

topology's second special case. 

 
Figure 1: The longitudinal and transverse directions 

of the full bridge inverter cell to achieve the 

proposed topology. 
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Figure 2: (a) The proposed topology's first special 

case, (b) The proposed topology's second special 

case. 

 
To count the output voltage states of structure 1 

consider Fig. 3 with 𝑉1, 𝑉2, 𝑉3 and 𝑉4 sources and 

𝑆𝑖{𝑖 = 1 𝑡𝑜 9} switches. Output voltage of inverter is 

𝑉𝑜𝑢𝑡. 

 
Figure 3: Topology of structure 1. 

At first glance, the number of possible source 

combinations in the output appears to be the sum of 

0, 1, 2, 3, and 4 options. This summation is depicted 

in Equation 1. However, due to the nature of the 

topology, some source combinations may not be 

synthesized, and it is possible that in some resource 

combinations, in addition to positive polarity, the 

negative polarity of that state can also be achieved. 

 

At first glance, the number of possible source 

combinations in the output appears to be the sum of 

0, 1, 2, 3, and 4 options. This summation is depicted 

in Equation 1. However, due to the nature of the 

topology, some source combinations may not be 

synthesized, and it is possible that in some resource 

combinations, in addition to positive polarity, the 

negative polarity of that state can also be achieved. 

 
(4

0
) + (4

1
) + (4

2
) + (4

3
) + (4

4
)    (1) 

 

 

For topology in Fig. 3, the combination of one source 

is also possible for both positive and negative 

polarities, so the number of states is 2(4
1
). For the 

binary combination of sources, we have (4
2
) = 6 

states, among these states (𝑉1 − 𝑉2), (𝑉1 + 𝑉3), (𝑉3 −
𝑉4) and (𝑉3 + 𝑉4) in addition to the positive polarities 

the negative polarities are also obtainable, so the total 

number of binary source combinations of resources is 

as following: 

 (4
2
) − 4 + 2 × 4 = 10    (2) 

The number of trinary combinations of sources is the 

same (4
3
) = 4. Both positive and negative polarities 

in quaternary combinations of sources are obtainable, 

so the number of total states is equal to 2(4
4
) = 2. The 

selection of none source that is related to zero-level 

synthesis is also possible in three ways. Therefore, the 

number of combinations of topology sources in 

Figure 3 is equal to equation 3. 

3(4
0
) + 2(4

1
) + (4

2
) − 4 + 2 × 4 + (4

3
) + 2(4

4
) = 27        

      (3) 

Table 1 shows various combinations of Fig. 3 sources 

and on switches for each state.  

To count the output voltage states of structure 2 

consider Fig. 4 with 𝑉1, 𝑉2, 𝑉3, 𝑉4, 𝑉5 and 𝑉6 sources 

and 𝑆𝑖{𝑖 = 1 𝑡𝑜 9} switches. Output voltage of 

inverter is 𝑉𝑜𝑢𝑡. 

 
Figure 4: Topology of structure 2. 
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Table 1: Resource combinations states of structure 1 

(topology of Fig 3). 

Vout 
ON 

switches 
State 

+V1 S4 , S2, S3 1 

−V1 S1 , S5, S6 2 

+V2 S4 , S5, S3 3 

−V2 S1 , S2, S6 4 

+V3 S7 , S5, S6 5 

−V3 S4 , S8, S9 6 

+V4 S7 , S8, S6 7 

−V4 S4 , S5, S9 8 

V1−V2 S4 , S2, S6 9 

−V1+V2 S1 , S5, S3 10 

V3−V4 S7 , S5, S9 11 

−V3+V4 S4 , S8, S6 12 

V1+V3 S7 , S2, S3 13 

−V1−V3 S1 , S8, S9 14 

V2+V4 S7 , S8, S3 15 

−V2−V4 S1 , S2, S9 16 

V2+V3 S7 , S5, S3 17 

−V1−V4 S1 , S5, S9 18 

V1+V3−V2 S7 , S2, S6 19 

−V1−V3+V4 S1 , S8, S9 20 

V2+V4−V3 S4 , S8, S3 21 

−V2−V4+V1 S4 , S2, S9 22 

V3+V1−V2−V4 S7 , S2, S9 23 

−V1−V3+V4+V2 S1 , S8, S3 24 

0 S1 , S2, S3 25 

0 S4 , S5, S6 26 

0 S7 , S8, S9 27 

 

Same as structure 1, number of possible combinations 

of sources in the output is the summation of 0, 1, 2, 3, 

4, 5 and 6 choices (equation 4), but due to the nature 

of the topology some of source combinations may not 

be synthesized and some of them may be achieved in 

both polarities. Total number of possible 

combinations of sources of Fig. 4 has shown in 

equation 5. 

 

(6
0
) + (6

1
) + (6

2
) + (6

3
) + (6

4
) + (6

5
) + (6

6
)  (4) 

 

3(6
0
) + 2(6

1
) + (6

2
) − 9 + 2 × 9 + (6

3
) − 2 − 2 +

2 × 2 + (6
4
) − 2 − 3 + 2 × 3 + (6

5
) − 2 + 2(6

6
) =

81                                       (5) 

 

Different combinations of sources of structure 2 and 

on switches for each state are shown in table 2.  

2-2 Provide an algorithm for asymmetric source 
configuration 
Two or more of the MLI input sources have unequal 

values in an asymmetric source configuration. 

Utilization of asymmetric sources configuration has 

increased in recent years. Binary and trinary 

configurations are the most common arrangement of 

input sources. Consider multilevel inverter topology 

of Fig. 3. To obtain the highest number of output 

voltages possible, the voltages 𝑉1, 𝑉2, 𝑉3 and 𝑉4 are 

selected as follows:  

𝑉1 = 𝑉3 = 𝑉𝑑𝑐                    (6) 

 𝑉2 = 𝑉4 = 4𝑉𝑑𝑐     (7) 

According to equations 6 and 7, if the voltages of the 

sources 𝑉1 and 𝑉3 are four times the 𝑉2 and 𝑉4, then, 

according to table 1, a 17-level output with equal step 

is obtained. The multilevel inverter's various 

operating modes, Fig. 3, Figure 5 depicts the output 

voltage and switching arrangement, as well as the 

corresponding output voltage and switching 

arrangement. 

Consider multilevel inverter topology of Fig. 4. To 

obtain the highest number of output voltages possible, 

the voltages 𝑉1, 𝑉2, 𝑉3, 𝑉4, 𝑉5 and 𝑉6 are selected as 

follows:  

𝑉1 = 𝑉4 = 𝑉𝑑𝑐                (8) 

𝑉2 = 𝑉5 = 4𝑉𝑑𝑐              (9) 

𝑉3 = 𝑉6 = 5.5𝑉𝑑𝑐          (10) 

If, according to the equations 8, 9 and 10, the 𝑉1 and 

𝑉4 voltages are equal to 𝑉𝑑𝑐, the 𝑉2 and 𝑉5 voltages 

are four times the  𝑉𝑑𝑐 and the voltages 𝑉3 and 𝑉6are 

considered five and a half times the 𝑉𝑑𝑐, then 

according to table 2,  a 41 level output with equal step 

and a 43 level output with two uneven levels at the 

beginning and the end are obtained. Part of the 

different operating modes of the multilevel inverter 

(structure 2), Figure 6 depicts the output voltage in 

conjunction with the output voltage. 
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Figure 5:Various operating modes of the multilevel inverter (Fig. 3) with the corresponding output voltage and 

switching arrangement. 
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Table 2: Resource combinations states of structure 2 (topology of Fig 4). 

 

  

𝑉𝑜𝑢𝑡 ON switches State 𝑉𝑜𝑢𝑡 ON switches State 

−𝑉2 + 𝑉3 𝑆1 , 𝑆2, 𝑆7, 𝑆4 42 +𝑉1 𝑆2 , 𝑆5, 𝑆3, 𝑆4 1 

𝑉2 + 𝑉4 𝑆9 , 𝑆6, 𝑆3, 𝑆4 43 −𝑉1 𝑆6 , 𝑆1, 𝑆7, 𝑆8 2 

𝑉2 + 𝑉5 𝑆9 , 𝑆10, 𝑆3, 𝑆4 44 +𝑉2 𝑆5 , 𝑆6, 𝑆3, 𝑆4 3 

−𝑉2 − 𝑉5 𝑆1 , 𝑆2, 𝑆11, 𝑆12 45 −𝑉2 𝑆1 , 𝑆2, 𝑆7, 𝑆8 4 

−𝑉2 − 𝑉6 𝑆1 , 𝑆2, 𝑆7, 𝑆12 46 +𝑉3 𝑆5 , 𝑆6, 𝑆4, 𝑆7 5 

𝑉3 + 𝑉4 𝑆9 , 𝑆6, 𝑆7, 𝑆4 47 −𝑉3 𝑆1 , 𝑆2, 𝑆3, 𝑆8 6 

𝑉3 + 𝑉5 𝑆9 , 𝑆10, 𝑆7, 𝑆4 48 +𝑉4 𝑆9 , 𝑆6, 𝑆7, 𝑆8 7 

𝑉3 + 𝑉6 𝑆9 , 𝑆10, 𝑆11, 𝑆4 49 −𝑉4 𝑆5 , 𝑆10, 𝑆11, 𝑆12 8 

−𝑉3 − 𝑉6 𝑆1 , 𝑆2, 𝑆3, 𝑆12 50 +𝑉5 𝑆7 , 𝑆10, 𝑆9, 𝑆8 9 

𝑉4 − 𝑉5 𝑆9 , 𝑆6, 𝑆11, 𝑆12 51 −𝑉5 𝑆5 , 𝑆6, 𝑆11, 𝑆12 10 

−𝑉4 + 𝑉5 𝑆5 , 𝑆10, 𝑆7, 𝑆8 52 +𝑉6 𝑆9 , 𝑆10, 𝑆11, 𝑆8 11 

𝑉4 − 𝑉6 𝑆9 , 𝑆6, 𝑆7, 𝑆12 53 −𝑉6 𝑆5 , 𝑆6, 𝑆7, 𝑆12 12 

−𝑉4 + 𝑉6 𝑆5 , 𝑆10, 𝑆11, 𝑆8 54 𝑉1 − 𝑉2 𝑆5 , 𝑆2, 𝑆7, 𝑆8 13 

𝑉5 − 𝑉6 𝑆9 , 𝑆10, 𝑆7, 𝑆12 55 −𝑉1 + 𝑉2 𝑆1 , 𝑆6, 𝑆3, 𝑆4 14 

−𝑉5 + 𝑉6 𝑆5 , 𝑆6, 𝑆11, 𝑆8 56 𝑉1 − 𝑉3 𝑆5 , 𝑆2, 𝑆3, 𝑆8 15 

𝑉1 − 𝑉2 + 𝑉3 𝑆5 , 𝑆2, 𝑆7, 𝑆4 57 −𝑉1 + 𝑉3 𝑆1 , 𝑆6, 𝑆7, 𝑆4 16 

−𝑉1 + 𝑉2 − 𝑉3 𝑆1 , 𝑆6, 𝑆3, 𝑆8 58 𝑉1 + 𝑉4 𝑆9 , 𝑆2, 𝑆3, 𝑆4 17 

𝑉1 + 𝑉4 − 𝑉2 𝑆9 , 𝑆2, 𝑆7, 𝑆8 59 −𝑉1 − 𝑉4 𝑆1 , 𝑆10, 𝑆11, 𝑆12 18 

𝑉1 − 𝑉2 − 𝑉5 𝑆5 , 𝑆2, 𝑆11, 𝑆12 60 −𝑉1 − 𝑉5 𝑆1 , 𝑆6, 𝑆11, 𝑆12 19 

𝑉1 − 𝑉2 − 𝑉6 𝑆5 , 𝑆2, 𝑆7, 𝑆12 61 −𝑉1 − 𝑉6 𝑆1 , 𝑆6, 𝑆7, 𝑆12 20 

𝑉1 + 𝑉4 − 𝑉3 𝑆9 , 𝑆2, 𝑆3, 𝑆8 62 𝑉2 − 𝑉3 𝑆5 , 𝑆6, 𝑆3, 𝑆8 21 

−𝑉1 − 𝑉4 + 𝑉5 + 𝑉3 𝑆1 , 𝑆10, 𝑆7, 𝑆4 63 𝑉1 − 𝑉3 − 𝑉6 𝑆5 , 𝑆2, 𝑆3, 𝑆12 22 

𝑉1 + 𝑉4 − 𝑉3 − 𝑉6 𝑆9 , 𝑆2, 𝑆3, 𝑆12 64 −𝑉1 − 𝑉4 + 𝑉5 𝑆1 , 𝑆10, 𝑆7, 𝑆8 23 

−𝑉1 − 𝑉4 + 𝑉3 + 𝑉6 𝑆1 , 𝑆10, 𝑆11, 𝑆4 65 −𝑉1 − 𝑉4 + 𝑉6 𝑆1 , 𝑆10, 𝑆11, 𝑆8 24 

−𝑉1 − 𝑉5 + 𝑉6 + 𝑉3 𝑆1 , 𝑆6, 𝑆11, 𝑆4 66 −𝑉1 − 𝑉5 + 𝑉6 𝑆1 , 𝑆6, 𝑆11, 𝑆8 25 

−𝑉1 − 𝑉4 + 𝑉5 − 𝑉6 𝑆1 , 𝑆10, 𝑆7, 𝑆12 67 𝑉2 + 𝑉4 − 𝑉3 𝑆9 , 𝑆6, 𝑆3, 𝑆8 26 

−𝑉4 + 𝑉5 + 𝑉2 − 𝑉3 𝑆5 , 𝑆10, 𝑆3, 𝑆8 68 𝑉2 + 𝑉5 − 𝑉3 𝑆9 , 𝑆10, 𝑆3, 𝑆8 27 

𝑉2 + 𝑉5 − 𝑉3 − 𝑉6 𝑆9 , 𝑆10, 𝑆3, 𝑆12 69 𝑉2 − 𝑉3 − 𝑉6 𝑆5 , 𝑆6, 𝑆3, 𝑆12 28 

−𝑉2 − 𝑉5 + 𝑉3 + 𝑉6 𝑆1 , 𝑆2, 𝑆11, 𝑆4 70 𝑉2 + 𝑉5 − 𝑉4 𝑆5 , 𝑆10, 𝑆3, 𝑆4 29 

𝑉4 + 𝑉2 − 𝑉3 − 𝑉6 𝑆9 , 𝑆6, 𝑆3, 𝑆12 71 −𝑉2 − 𝑉5 + 𝑉6 𝑆1 , 𝑆2, 𝑆11, 𝑆8 30 

𝑉4 − 𝑉5 + 𝑉6 + 𝑉3 𝑆5 , 𝑆10, 𝑆11, 𝑆4 72 𝑉3 + 𝑉5 − 𝑉4 𝑆5 , 𝑆10, 𝑆7, 𝑆4 31 
−𝑉1 − 𝑉4 + 𝑉5 + 𝑉2 − 𝑉3 𝑆1 , 𝑆10, 𝑆3, 𝑆8 73 𝑉3 + 𝑉6 − 𝑉4 𝑆5 , 𝑆10, 𝑆11, 𝑆4 32 

𝑉3 + 𝑉6 − 𝑉5 − 𝑉2 + 𝑉1 𝑆5 , 𝑆2, 𝑆11, 𝑆4 74 𝑉3 + 𝑉6 − 𝑉5 𝑆5 , 𝑆6, 𝑆11, 𝑆4 33 

𝑉1 + 𝑉4 − 𝑉2 − 𝑉5 + 𝑉6 𝑆9 , 𝑆2, 𝑆11, 𝑆8 75 𝑉4 − 𝑉5 + 𝑉6 𝑆9 , 𝑆6, 𝑆11, 𝑆8 34 
−𝑉4 + 𝑉5 + 𝑉2 − 𝑉3 − 𝑉6 𝑆5 , 𝑆10, 𝑆3, 𝑆12 76 −𝑉4 + 𝑉5 − 𝑉6 𝑆5 , 𝑆10, 𝑆7, 𝑆12 35 
𝑉4 + 𝑉1 − 𝑉2 − 𝑉5 + 𝑉6 + 𝑉3 𝑆9 , 𝑆2, 𝑆11, 𝑆4 77 𝑉1 + 𝑉4 − 𝑉2 + 𝑉3 𝑆9 , 𝑆2, 𝑆7, 𝑆4 36 

−𝑉4 − 𝑉1 + 𝑉2 + 𝑉5 − 𝑉6 − 𝑉3 𝑆1 , 𝑆10, 𝑆3, 𝑆12 78 −𝑉1 + 𝑉2 − 𝑉3 − 𝑉6 𝑆1 , 𝑆6, 𝑆3, 𝑆12 37 

0 𝑆1 , 𝑆2, 𝑆3, 𝑆4 79 𝑉1 + 𝑉4 − 𝑉2 − 𝑉5 𝑆9 , 𝑆2, 𝑆11, 𝑆12 38 

0 𝑆5 , 𝑆6, 𝑆7, 𝑆8 80 −𝑉1 − 𝑉4 + 𝑉2 + 𝑉5 𝑆1 , 𝑆10, 𝑆3, 𝑆4 39 

0 𝑆9 , 𝑆10, 𝑆11, 𝑆12 81 𝑉1 + 𝑉4 − 𝑉2 − 𝑉6 𝑆9 , 𝑆2, 𝑆7, 𝑆12 40 

. . . 𝑉1 − 𝑉2 − 𝑉5 + 𝑉6 𝑆5 , 𝑆2, 𝑆11, 𝑆8 41 
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Figure 6:Various operating modes of the multilevel inverter (Fig. 4) with the corresponding output voltage 

and switching arrangement. 
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3- Results and Discussion  
In this section, computer simulation of the proposed 

structure is presented. All simulations are performed 

in the MATLAB software's SIMULINK 

environment. In this paper, insulated gate bipolar 

transistor (IGBT) switches with a parallel diode for 

reverse current is used for switches of multilevel 

inverters. Some of the semiconductor switches in the 

presented topology necessarily require bidirectional 

switches that can block voltage and conduct current 

in both directions. To create such a bidirectional 

switches common emitter arrangement of two IGBTs 

is used for simulations. Pulse width modulation 

(PWM) switching method is one of the most popular 

modulation methods used in power inverters. In this 

method of modulation, to generate a switching signal, 

a sine signal is compared to a carrier signal. The 

PWM switching method is being used in the paper. 

Figure 7 shows the general block diagram to create 

the switching method in SIMULINK. 

 

Figure 7: Block diagram to create the switching 

method in SIMULINK 

                                                                                                                      

Figure 8a shows the switching implementation 

method using the Simulink block diagrams for the 

presented topology, and Figure 8b shows the general 

diagram of the presented topology power unit and the 

control unit for switching direction.                                             

Figure 9: (a) switching implementation method using 

the Simulink block. (b) power unit and the control 

unit for switching  

 

3-1 Results of the proposed structure 1 
Figure 9 shows the topology of structure 1 with the 

direction of power switches. It should be noted that in 

order to achieve the desired voltage levels, three of 

the switches should be bidirectional switches capable 

of blocking voltage and conducting current in both 

directions. The source voltages are selected based on 

the proposed asymmetric configuration 

algorithm𝑉1 = 𝑉3 = 20𝑣 and 𝑉2 = 𝑉4 = 80𝑣. The 

output is a resistive - inductive load with 𝑅 = 50 𝛺 

and 𝐿 = 1 𝑚𝐻. The frequency of the triangular 

carrier is once considered as 100 Hz and once again 

5000 Hz. 

Figs. 10 and 11 show output voltage and current of 

the proposed inverter (Fig.9), respectively. Figure 10 

(a) show the output voltage and its harmonic analysis 

for carrier frequencies of 100 Hz. THD of output 

voltage is 5.68%. The output voltage and its harmonic 

analysis for carrier frequencies of 5000 Hz are shown 

in Fig. 9 (b). THD of output voltage in this case is 

6.99%. Fig. 11 (a) shows the output current and its 

harmonic analysis for carrier frequencies of 100 Hz. 

THD of output current is 3.72%. The output current 

and its harmonic analysis for carrier frequencies of 

5000 Hz are shown in Fig. 11 (b). In this case, THD 

of output current is 1.13%. The output voltage and 

a 

 

 

 

b 

 

 

 

Figure 8:The topology of structure 1 with the 

direction of power switches. 
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current characteristic of structure 1 is shown in table 

3. 

 

(a) 

(b) 

Figure 10: Output voltage and harmonic analysis of 

the topology of Figure 7 (a) for carrier frequency 

100Hz (b) for carrier frequency 5000Hz. 

 

 

Table 3: Output voltage and current characteristic of 

structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 

Figure 11: Output Current and harmonic analysis of 

the topology of Figure 7 (a) for carrier frequency 

100Hz (b) for carrier frequency 5000Hz. 

 

3-2 Results of the proposed structure 2 

 

Figure 12 shows the topology of structure 2 with the 

direction of the power switches. It should be noted 

that four of the switches should be bidirectional 

switches capable of blocking voltage and conducting 

current in both directions in order to achieve the 

desired voltage levels. The source voltages are 

selected based on the proposed asymmetric 

configuration algorithm  
𝑉1 =  𝑉4 = 20𝑣, 𝑉2 =  𝑉5 = 80𝑣 and 𝑉3 =  𝑉6 = 110𝑣.  

The output is a resistive - inductive load with 𝑅 =

50 𝛺 and 𝐿 = 1 𝑚𝐻. The frequency of the triangular 

carrier is once considered as 100 Hz and once again 

5000 Hz. 

Figs. 13 and 14 show output voltage and current of 

the proposed inverter (Fig.1, respectively.  Figure 13 

(a) show the output voltage of the inverter and its 

harmonic analysis for carrier frequencies of 100 Hz. 

THD of output voltage is 3.49% in this case. The 

output voltage and its harmonic analysis for carrier 

frequencies of 5000 Hz are shown in Fig. 12 (b). THD 

of output voltage in this case is 3.99%. Fig. 14 (a) 

show the output current and its harmonic analysis for 

carrier frequencies of 100 Hz. THD of output current 

is 2.89%. The output current and its harmonic 

analysis for carrier frequencies of 5000 Hz are shown 

in Fig. 13(b). THD of output current is 2.28%. The 

output voltage and current characteristic of structure 

2 are shown in table 4. 

In table 5 there is a comparison between the “structure 

1” proposed topology and a number of multilevel 

THD 
 

RMS Peak 
Characteri

stic of 

load 

Carrier 
freque

ncy 

Sta

te 

5.68 % 
 

113.7 (𝑉) 160 (𝑉) 𝑉𝑜𝑢𝑡 

100 𝐻𝑍 1 

3.72 % 
 

2.27 (𝐴) 3.21 (𝐴) 𝑖𝑜𝑢𝑡 

6.99 % 
 

113.2 (𝑉) 160 (𝑉) 𝑉𝑜𝑢𝑡 

5000 𝐻𝑍 2 

1.13 % 
 

2.258 (𝐴) 3.193 (𝐴) 𝑖𝑜𝑢𝑡 
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inverters reviewed in [26]. As can be seen, for a 17-

levels output, the number of proposed topology 

switches has been significantly reduced. 

 

Figure 12:The topology of structure 2 with the 

direction of power switches.  

 

(a) 

(b) 

Figure 13:Output voltage and harmonic analysis of 

the topology of Figure 10 (a) for carrier frequency 

100Hz (b) for carrier frequency 5000Hz. 

 

 

(a) 

 

 

 

 

 

(b) 

Figure 14:Output current and harmonic analysis of 

the topology of Figure 10 (a) for carrier frequency 

100Hz (b) for carrier frequency 5000Hz. 

 

Table 4: Output voltage and current characteristic of 

structure 2. 

THD RMS Peak 
Characteri

stic of load 

Carrier 

frequen
cy  

Stat

e 

3.49 % 151.67 (𝑉) 220 (𝑉) 𝑉𝑜𝑢𝑡 

100 𝐻𝑍 1 

2.89 % 3.025 (𝐴) 4.28 (𝐴) 𝑖𝑜𝑢𝑡 

3.99 % 151.5 (𝑉) 220 (𝑉) 𝑉𝑜𝑢𝑡 

5000 𝐻𝑍 2 

2.28% 3.022 (𝐴) 4.28 (𝐴) 𝑖𝑜𝑢𝑡 

 

Table 5: Comparisons of the proposed multilevel 

inverters (structure) and a number of multilevel 

inverters reviewed in [26] (for a 17-levels output). 

Numb
er 

MLI 
One-directional 

switch 
Bidirectional 

switch 

1 
MLDCL 

[26] 
60 0 

2 
T-type 

[26] 
12 48 

3 SSPS [26] 75 0 

4 SCSS [26] 60 0 

5 
CBSC 
[26] 

0 54 

6 
MLM 
[26] 

12 27 

7 RV [26] 60 0 

8 
2SELG 

[26] 
24 15 

9 
Structure 

1 
6 3 

 

Table 6: Comparisons of the proposed multilevel 

inverters (structure) and a number of multilevel 

inverters reviewed in [26] (for a 43-levels output). 

Numb
er 

MLI 
One-directional 

switch 
Bidirectional 

switch 

1 
MLDCL 

[26] 
138 0 

2 
T-type 

[26] 
12 126 

3 SSPS [26] 192 0 

4 SCSS [26] 138 0 

5 
CBSC 
[26] 

0 132 

6 
MLM 
[26] 

12 66 

7 RV [26] 138 0 
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8 
2SELG 

[26] 
24 54 

9 
Structure 

1 
8 4 

 

4- Conclusion 

Because of the rise in electricity consumption and the 

use of DC to AC conversion, there has been a surge 

in interest in multilevel inverters in recent years. In 

this regard, this paper, present a new general topology 

based on the expansion of a full bridge cell. Two 

special cases of this general topology have been 

investigated. Also, to achieve the maximum output 

levels of these two special cases, asymmetric source 

configuration algorithms are provided separately for 

each of the structures. The structure 1, consists of nine 

power switches and four DC voltage sources. By 

using the asymmetric source configuration algorithm, 

a 17-level output voltage is synthesized. Three 

switches of structure 1 should be bidirectional 

switches with the capability of blocking voltage and 

conducting current in both directions. Structure 2, 

consists of twelve power switches and six DC voltage 

sources. By using a presented asymmetric source 

configuration algorithm, 41-level output with equal 

step and a 43-level output with two uneven levels at 

the beginning and the end are obtained. Structure 2's 

four switches should be bidirectional, capable of 

blocking voltage and conducting current in both 

directions. Two special cases of this general topology 

have significantly reduced the number of electronic 

elements of power compared to conventional 

structures and new structures. 
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