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Abstract —In order to increase the number of generated output levels by using a lower 

number of power electronics devices a new basic unit is proposed in this paper. By a series 

connection of several proposed basic units, a new cascaded multilevel inverter is proposed. 

Then , to generate all positive and negative voltage levels at the output sides, an H-Bridge 

will be added to this inverter because the proposed inverter will generate the positive level at 

the output sides. This inverter is called as developed cascaded multilevel inverter. In order to 

generate all voltage levels the output, four algorithms are proposed in this inverter. 
 
Index Terms—Basic unit, cascaded multilevel inverter, developed cascaded multilevel 

inverter, H-bridge. 
 

 

 

       I. INTRODUCTION  

THE demand for high-voltage high-power inverters is increasing, and it is impossible to connect 
a power semi-conductor switch to a high-voltage network directly. Therefore, multilevel 
inverters had been introduced and are being devel-oped now. With an increasing number of dc 
voltage sources in the input side, a sinusoidallike waveform can be gener-ated at the output. As a 
result, the total harmonic distortion (THD) decreases, and the output waveform quality increases, 
which are the two main advantages of multilevel inverters. In addition, lower switching losses, 
lower voltage stress of dv/dt on switches, and better electromagnetic interference are the other 
most important advantages of multilevel inverters [1]–[5]. These kinds of inverters are generally 
divided into three main categories, i.e., neutral-point-clamped multilevel inverters, flying 
capacitor multilevel inverters, and cascaded multilevel inverters [6]–[9]. There is no diode 
clamped or flying capacitors in cascaded multilevel inverters. Moreover, these  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Proposed basic unit. 
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                        TABLE  I 
 

Permitted Turn On and Off States for Switches in the Proposed Basic Unit 
 
 
 
 
 
 
 
 

 

inverters consist of modularity, simplicity of control, and re-liability, and they require the lowest 

number of power semicon-ductor devices to generate a particular level [1], [10], [11]. As a result, 

the losses and total cost of these inverters decrease, and the efficiency will increase [12]. These 

inverters are comprised of a series connection of basic units, which consist of different arrays of 

power switches and dc voltage sources. Generally, these inverters are divided into two main 

groups, i.e., symmetric cascaded multilevel inverters with the same amplitude of dc voltage 

sources and asymmetric cascaded multilevel inverters. The asymmetric cascaded multilevel 

inverters generate a higher number of output levels in comparison with the symmetric cascaded 

multilevel inverters with the same number of power electronic devices because of the different 

amplitude of its dc voltage sources. As a result, the installation space and total cost of an 

asymmetric cascaded multilevel inverter is lower than that of a symmetric cascaded multilevel 

inverter [11], [12].  
Up to now, different basic units and, thus, different cascaded multilevel inverters have been 

presented in literature. In [13]– [18], different symmetric cascaded multilevel inverters have been 

presented. Another topology with two different algo-rithms as symmetric and asymmetric 

inverters have been also presented in [19]. The main disadvantages of the symmetric inverters are 

the high required numbers of power switches, insulated-gate bipolar transistors (IGBTs), power 

diodes, and
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Fig. 2.  Cascaded multilevel inverter. (a) Proposed topology. (b) Developed proposed topology. 
 
 
driver circuits because of the same magnitude of dc voltage sources. These disadvantages will be higher in 

topologies where bidirectional power switches from the voltage point of view have been used, as presented 

in [15] and [19]. Each unidi-rectional switch requires an IGBT with an antiparallel diode and a driver 

circuit, whereas a bidirectional switch includes two IGBTs, two antiparallel diodes, and one driver circuit 

if a common emitter configuration is used. However, both uni-directional and bidirectional power switches 

conduct current in both directions. In order to increase the number of output levels, different asymmetric 

cascaded multilevel inverters have been presented in [12], [14], [19], and [20]. The main disadvantages of 

these inverters are the high magnitudes of dc voltage sources.  
In order to increase the number of generated output levels by using a lower number of power electronic 

devices, a new basic unit is proposed in this paper. By a series connection of several proposed basic units, 

a new cascaded multilevel inverter is proposed. Then, to generate all positive and negative levels at the 

output, an H-bridge will be added to this inverter be-cause the proposed inverter only generates positive 

levels. This inverter is called the developed proposed cascaded multilevel inverter. In order to generate all 

voltage levels at the output, four different algorithms are proposed. Several comparisons are also done 

between the developed cascaded multilevel inverter and its proposed algorithms with the conventional 

cascaded inverters. Based on these comparisons, the developed cascaded inverter requires the minimum 

number of power switches, IGBTs, power diodes, driver circuits, and dc voltage sources. Finally, in order 

to investigate the capability of the developed cascaded inverter to generate all voltage levels, the 

experimental results of a 15-level inverter are used. 

II. PROPOSED TOPOLOGY 
 
 

Fig. 1 shows the proposed basic unit. As shown in Fig. 1, the proposed basic unit is comprised of three 
dc voltage sources and five unidirectional power switches. In the pro-posed structure, power switches (S2, 
S4), (S1, S3, S4, S5), and (S1, S2, S3, S5) should not be simultaneously turned on to prevent the short circuit of 
dc voltage sources. The turn on and off states of the power switches for the proposed basic unit are shown 
in Table I, where the proposed basic unit is able to generate three different levels of 0, V1 + V3, and (V1 + 
V2 + V3) at the output. It is important to note that the basic unit is only able to generate positive levels at 
the output.  

It is possible to connect n number of basic units in series. As this inverter is able to generate all voltage 
levels except V1, it is necessary to use an additional dc voltage source with the amplitude of V1 and two 
unidirectional switches that are connected in series with the proposed units. The proposed cascaded 
inverter that is able to generate all levels is shown in Fig. 2(a). In this inverter, power switches S1

_
 and S2

_
 

and dc voltage source V1 have been used to produce the lowest output level. The amplitude of this dc 
voltage source is considered V1 = Vdc (equal to the minimum output level). The output voltage level of 
each unit is indicated by vo, 1, vo, 2, . . . , vo, n, and vo

_
. The output voltage level vo of the proposed cascaded 

multilevel inverter is equal to  

v 
(t) = 
v 

o, 

1 
(t) + 
v 

o, 

2 (t) + · · · 
+ 
v 

o, 

n 

(t) + 

v
_
 (t).   (1)  
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o     o    
The generated output voltage levels of the proposed inverter are shown in Table II. As aforementioned and 

according to Table II, the proposed inverter that is shown in Fig. 2(a) is only able to 

 

TABLE  II 

 
GENERATED OUTPUT VOLTAGE LEVELS vo BASED ON THE OFF AND ON STATES OF 

POWER SWITCHES 
 

 

 

 

 

 

 

 

 

 

TABLE  III 

PROPOSED ALGORITHMS AND THEIR RELATED PARAMETERS 
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generate positive levels at the output. Therefore, an H-bridge with four switches T1–T4 is added to the 

proposed topology. This inverter is called the developed cascaded multilevel in-verter and is shown in Fig. 

2(b). If switches T1 and T4 are turned on, load voltage vL is equal to vo, and if power switches T2 and T3 are 

turned on, the load voltage will be −vo. For the proposed inverter, the number of switches Nswitch and the 

number of dc voltage sources Nsource are given by the following equations, respectively, 

 
Nswitch = 5n + 6 (2) 

Nsource = 3n + 1 (3) 
 
where n is the number of series-connected basic units. As the unidirectional power switches are used in the 

proposed cas-caded multilevel inverter, the number of power switches is equal to the numbers of IGBTs, 

power diodes, and driver circuits.  
The other main parameter in calculating the total cost of the inverter is the maximum amount of blocked 

voltage by the switches. If the values of the blocked voltage by the switches are reduced, the total cost of 

the inverter decreases [12]. In addition, this value has the most important effect in selecting the 

semiconductor devices because this value determines the volt-age rating of the required power devices. 

Therefore, in order to calculate this index, it is necessary to consider the amount of the blocked voltage by 

each of the switches. According to Fig. 2(b), the values of the blocked voltage by switches are equal to 
 

VS 1 = VS 2 = V1, 1 (4)  

V
S1, 

j 
=
 
V
S3, j 

=
 

V
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+
 
V
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V
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where Vo, max is the maximum amplitude of the producible output voltage. Therefore, the maximum 
amount of the blocked voltage in the proposed inverter Vblock is equal to 
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Fig. 3.  Cascaded multilevel inverters. (a) Conventional cascaded multilevel inverter  

 

R2 for V1 = V2 = · · · =  Vn = Vdc [14], R3 for V1 = Vdc, V2 = · · · = Vn = 2Vdc [12], and R4 for V1 = Vdc, V2 = · · 

· = Vn = 3Vdc [20]. (b) Presented topology in [17], with R7 for V1 = V2 = · · · = Vn = Vdc. 

(c) Presented topology in [19], with R8 for V1 = V2 = · · · = Vn = Vdc and R9 for V1 = Vdc, V2 = · · · = Vn = 

2Vdc. (d) Presented topology in [18] with R10. (e) Presented topology in [16], with R6 for V1 = V2 = · · · = Vn 

= Vdc. (f) Presented topology in [15], with R5 for V1 = V2 = · · · = Vn = Vdc. 

(g) Presented topology in [13], with R1 for V1 = V2 = · · · = Vn = Vdc.  

In (9), Vblock, j , Vblock
_
, and Vblock, H indicate the blocked voltage by the jth basic unit, the additional dc 

voltage sources,  
and the used H-bridge, respectively. 

In the developed inverter, the number and maximum ampli-tude of the generated output levels are based 

on the value of the used dc voltage sources. Therefore, four different algorithm are proposed to determine 

the magnitude of the dc voltage sources. These proposed algorithms and all their parameters are calculated 

and shown in Table III. According to the fact that the magnitudes of all proposed algorithms except the 

first algorithm are different, the proposed cascaded multilevel inverter based on these algorithms is 

considered an asymmetric cascaded multilevel inverter. In addition, based on the equations of the 

maximum output voltage levels and its maximum amplitude, it is clear that these values in the asymmetric 

cascaded multilevel inverter are more than those in the symmetric cascaded multi-level inverters with the 

same number of used dc voltage sources and power switches. 

 

III. COMPARING THE PROPOSED TOPOLOGY WITH THE CONVENTIONAL TOPOLOGIES 
 

The main aim of introducing the developed cascaded inverter is to increase the number of output voltage 

levels by using the minimum number of power electronic devices. Therefore, several comparisons are 

done between the developed proposed topology and the conventional cascaded inverters from the numbers 

of IGBTs, driver circuits, and dc voltage sources points of view. In addition, the maximum amount of the 
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blocked voltage by the power switches is also compared between the proposed inverter and the other 

presented topologies. In this comparison, the proposed cascaded inverter that is shown in Fig. 2(b) with its 

proposed algorithms is represented by P1 to P4, respectively. In [13], a symmetric cascaded multilevel 

inverter has been presented that is shown by R1 in this comparison. The H-bridge cascaded multilevel 

inverter has been presented in [14]. This inverter is represented by R2. In addition, two other algorithms 

have been presented for the H-bridge cascaded inverter in [12] and [20] that are   

 

 

 

 

 

 

 

 

  

Fig. 8.  Cascaded 15-level inverter based on the proposed basic unit. 

 

by R3 and R4, respectively. In [15]–[17], three other symmetric cascaded multilevel inverters have been 

presented. These inverters are shown by R5−R7, respectively. The other cascaded multilevel inverter with 

two different algorithms has been presented in [19]. This inverter with its algorithms is represented by R8 

and R9, respectively. Another symmetric cascaded multilevel inverter that has been presented in [18] is 

represented by R10 in this comparison. Fig. 3 indicates all of the aforementioned cascaded multilevel 

inverters.  
Fig. 4 compares the number of IGBTs of the proposed topology with the other aforementioned cascaded 

multilevel inverters. As it is obvious, the proposed inverter needs a lower number of IGBTs to generate a 

specific level. In addition, the fourth proposed algorithm has the best performance among
 
 
of the proposed algorithms for the developed cascaded inverter. However, in this comparison, the 

unidirectional power switches have been used in many of the considered cascaded inverters. As 

aforementioned, the number of used IGBTs is equal to the number of power diodes. As a result, the 

number of required power diodes in the fourth proposed algorithm of the developed topology is lower than 

that of the other aforementioned invert-ers and their proposed algorithms.  
Fig. 5 indicates the comparison of the proposed cascaded inverter with other aforementioned topologies 

from the point of view of the number of driver circuits. As each switch requires a separate driver circuit, 

the number of driver circuits is equal to the number of power switches. Therefore, this comparison also 

indicates the number of required power switches in the cascaded multilevel inverters. As shown in Fig. 5, 

the number of driver circuits based on the fourth proposed algorithm of the developed cascaded inverter is 

lower than that of the other proposed algorithms for this inverter and other aforementioned cascaded 

inverters. 
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Fig. 6 compares the number of dc voltage sources of the proposed topology with the other 

aforementioned cascaded inverters. As it is obvious, the number of required dc voltage sources in the 

developed inverter is less than that in the other presented inverters in literature. This difference will be 

higher while the fourth proposed algorithm is considered.  
Fig. 7 compares the maximum amount of the blocked voltage by the power switches in the proposed 

topology with the other aforementioned inverters. As it is obvious, this value in the pro-posed inverter is 
less than that in the other presented inverters except the H-bridge inverter and presented topologies by R7 
and R10. However, this is the main disadvantage of the pro-posed cascaded inverter, but this inverter has 
different advan-tages in comparison to the H-bridge cascaded inverter and the presented topologies by R7 
and R10, such as its required low. 
 

                                        IV. EXPERIMENTAL RESULTS 
 

 

 

 

 

 

 

In order to clarify the correct performance of the developed proposed inverter in generating the desired 

output voltage levels, the experimental results have been used. The number of required power electronic 

devices in the proposed inverter                   
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As aforementioned, the used power switches on the devel-oped inverter are unidirectional switches; 
therefore, in order to verify this fact, the voltages on the switches S1

_
, S1, 1, S2, 1, S3, 1, and S4, 1 of the first 

proposed unit are indicated in Fig. 11. It is noticeable that the waveforms of the voltage across S2
_
 and S5, 1 

are the same as those across vo
_
 and vo, 1, respectively. As shown in this figure, the magnitude of the 

blocked voltages on the switches are either positive or zero, and there is no negative amount on them. This 
fact reconfirms the existence of unidirectional power switches in this topology. 

 

V. CONCLUSION 
 

In this paper, a new basic unit for a cascaded multilevel inverter is proposed. By the series connection of 

several basic units, a cascaded multilevel inverter that only gener-ates positive levels at the output is 

proposed. Therefore, an H-bridge is added to the proposed inverter to generate all voltage levels. This 

inverter is called the developed cascaded multilevel inverter. In order to generate even and odd voltage 

levels at the output, four different algorithms are proposed to determine the magnitude of the dc voltage 

sources. Then, several comparisons are done between the developed proposed single-phase cascaded 

inverter and its proposed algorithms with cascaded multilevel inverters that have been proposed in 

literature. According to these comparisons, the developed proposed cascaded topology requires less 

numbers of IGBTs, power diodes, driver circuits, and dc voltage sources than other presented cascaded 

topologies in literature. These features will 

be remarkable while the fourth proposed algorithm is used for the developed cascaded inverter. For 

instance, in order to gen-erate a minimum of 63 levels at the output, the developed cas-caded topology 

based on the fourth proposed algorithm needs 19 power diodes, IGBTs, and driver circuits, and 10 dc 

voltage sources. However, the cascaded multilevel inverter that was presented in [20] requires 44 power 

diodes, IGBTs, and driver circuits, and 11 dc voltage sources. Therefore, the developed proposed inverter 

has better performance and needs minimum number of power electronic devices that lead to reduction in 

the installation space and total cost of the inverter. Finally, the accuracy performance of the developed 

proposed single-phase cascaded multilevel inverter in generating all voltage levels is verified by using the 

experimental results on a 15-level inverter. 
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