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Abstract— In this project, a new general cascaded multilevel 

inverter using H-bridges. The proposed topology requires a 

lesser number of PV voltage sources and power switches. It 

consists of lower blocking voltage on switches in which the 

switching sequences are arranged in pulse width modulation, 

which results in decreased complexity and total cost of the 

inverter. These abilities obtained within comparing the 

proposed topology with the conventional topologies from 

aforementioned points of view. Moreover, a new algorithm to 

determine the magnitude of dc voltage source is replaced by 

PV panel is proposed. The performance and functional 

accuracy of the proposed topology using the new algorithm 

in generating all voltage levels for a 31-level inverter are 

confirmed by simulation and experimental results. 

Key words: Multilevel Inverter, Diode Clamped, H-Bridge 

Inverter, Pulse Width Modulation, MOSFET 

I. INTRODUCTION 

Multilevel inverters have received more attention for their 

ability on high-power and medium voltage operation and 

because of other advantages such as high power quality, 

lower order harmonics, lower switching losses, and better 

electromagnetic interference [1], [2]. These inverters 

generate a stepped voltage waveform by using a number of 

dc voltage sources as the input and an appropriate 

arrangement of the power-semiconductor-based devices [3]. 

Three main structures of the multilevel inverters have been 

presented: “diode clamped multilevel inverter,” “flying 

capacitor multilevel inverter,” and “cascaded multilevel 

inverter” [4]. The cascaded multilevel inverter and diode 

clamped inverters are coupled for proposing method. The H-

bridge inverter is composed of a number of single-phase H-

bridge inverters and is classified into symmetric and 

asymmetric groups based on the magnitude of photo voltaic 

voltage sources. In the symmetric types, the magnitudes of 

the dc voltage sources of all H-bridges are equal while in the 

asymmetric types, the values of the dc voltage sources of all 

H-bridges are different. 

Two topologies are existed for a seven-level inverter 

.Then the topologies are obtained by adding two 

unidirectional power switches and one dc voltage source to 

the H-bridge inverter structure. In other words, the proposed 

inverters are comprised of six unidirectional power switches 

(Sa, Sb, SL,1, SL,2, SR,1, and SR,2) and two dc voltage 

sources (VL,1 and VR,1). In this paper, these topologies are 

called developed H-bridge. The simultaneous turn-on of SL,1 

and SL,2 (or SR,1 and SR,2).Numerous industrial 

applications have begun to require higher power apparatus in 

recent years .Power-electronic inverters are becoming 

popular for various industrial drives applications [2]. A 

multilevel inverter is a power electronic system that 

synthesizes a desired output voltage. 

In recent years, several topologies with various 

control techniques have been presented for cascaded 

multilevel inverters [5]–[8]. In [4] and [9]–[12], different 

symmetric cascaded multilevel inverters have been presented. 

The main advantage of all these structures is the low variety 

sources, which is one of the most important features in 

determining the cost of the inverter. On the other hand, 

because some of them use a high number of bidirectional 

power switches, a high number of insulated gate bipolar 

transistors (IGBTs) are required, which is the main 

disadvantage of these topologies. An asymmetric topology 

has been presented in [11]. The main disadvantage of this 

structure is related to its bidirectional power switches, which 

cause an increase in the number of IGBTs and the total cost 

of the inverter. In [12], a new topology with three algorithms 

have been presented, which reduce the number of required 

power switches but increase the variety of dc voltage sources. 

In [1], [4] and [10], several algorithms for determining the 

magnitudes of dc voltage sources for the conventional 

cascaded multilevel inverter have been presented. 

The major advantage of this topology and its 

algorithms is related to its ability to generate a considerable 

number of output voltage levels by using a low number of 

sources and power switches but the high variety in the 

magnitude of dc voltage sources is their most remarkable 

disadvantage. In this paper, in order to increase the number 

of output voltage levels and reduce the number of power 

switches, driver circuits, and the total cost of the inverter, a 

new topology of cascaded multilevel inverters is proposed. 

It is important to note that in the proposed topology, 

the unidirectional power switches are used. Then, to 

determine the magnitude of the dc voltage sources, a new 

algorithm is proposed. Moreover, the proposed topology is 

compared with other topologies from different points of view 

such as the number of IGBTs, number of pv sources, the 

variety of the values of the pv voltage sources, and the value 

of the blocking voltages per switch. Finally, the performance 

of the proposed topology in generating all voltage levels 

through a 31-level inverter is confirmed by simulation using 

(MATLAB) software results 

II. CIRCUIT DIAGRAM & OPERATION 

Fig 1shows The new topologies of cascaded multi level 

inverter with h bridge are proposed for 31-level inverter .As 

shown in fig 1.The proposed topology are comprised are by 

adding four unidirectional switches and one H-bridge inverter 

structure (S1,S2,S3,S4,H1,H2,H3,H4)and four voltage 

sources(Vs1,Vs2,Vs3,Vs4).The simultaneous turn –on of the 

switches causes the voltage sources into short circuit. So the 

simultaneous turned on of the mentioned switches should be 

avoided.1 and 0 indicates ON and OFF states of the switches 

respectively. 
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The generalized single-phase structure of the 

proposed topology has n number of isolated input sources. 

The link age structure is such that the higher potential 

terminal of the preceding source is connected to the lower 

potential terminal of the succeeding source and vice versa 

through power switches. 

The switching pulses shows that switches T1 and T2 

operate at a fundamental frequency of 50 Hz while 

switchesT1,T1 T3, and T4 operate at a frequency of 1 kHz. 

Thus, low-voltage-rated switches operate at high frequency 

and incur more switching losses, while high-voltage rated 

switches operate at fundamental frequency and incur more 

conduction losses. In this manner, the total losses among the 

switches get distributed. The waveforms for load voltage and 

its Harmonic spectrum 

 
Fig. 1: Ten Switches using 31 Level Inverter 

The values of pv voltage sources should be different 

to generate more voltage levels without increasing the 

number of switches and dc voltage sources. Considering the 

aforementioned explanations, the total cost of the proposed 

topology in Fig. 1 is low because voltage sources with low 

magnitudes are needed. 

 
Fig. 2: Proposed General Topology 

In the Diode clamped_H-bridge topology, the 

number of output voltage levels (N step), number of switches 

(Ns witch), number of dc voltage sources (N source), and the 

maximum magnitude of the generated voltage(Vo, max) are 

calculated as follows, respectively 

N switch=4n+2                               (A) 

N source=2n                  (B) 

Vo, max =V L, n+ VR, n                         (C) 

The above euations are number of switches, number 

of sources and average output voltages respectively. 

 
Fig. 3: Clamped H-Bridge 31 Level Multi Level Inverter 

The other important parameters of the total cost of a 

multilevel inverter for evaluation are the variety of the values 

of dc voltage sources and the value of the blocking voltage of 

the switches. As the variety of dc voltage sources and the 

value of the blocking voltage of the switches are low, the 

inverter’s total cost decreases. 

The number of variety of the values of dc voltage sources is 

given by 

N variety=2n               (1) 

 
Fig. 4: Pulse Width Modulation of Multilevel Inverter 

The following pattern is utilized to calculate the 

maximum magnitude of the blocking voltage of the power 

switches. The blocking voltage of SR,1 and calculated as 

follows: 

VSR,1=VSR,2=VR,1                         (2) 

WhereVSR,1 and VSR,2 indicate the maximum 

blocking voltages of SR,1 and SR,2 respectively .The blocking 

voltage of SL,1 and S L,2 are as follows: 

VSL,1=VSL,2= VL,1                        (3) 

WhereVSL,1 andVSL,2 indicate the maximum 

blocking voltages of SL,1andSL,2, respectively. Therefore, the 

maximum blocking voltage of all switches in the proposed 

seven-level inverter (Vblock,1)is calculated as follows 

Vblock,1=VSR,1+VSR,2+VSL,1+VSL,2+VSa+VSa 

=4(VR,1+VL,1) (4) 

Considering Figure the maximum blocking voltage of the 

switches is as follows 

VSR,1=VSR,2=VR,1                (5) 

VSR,3=VSR,4=VR,2-VR,1   (6) 
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VSL,1=VSL,2=VL,1                        (7) 

VSL,3=VSL,4=VL,2-VL,                   (8) 

VSa=Vsb=VR,2+VL,2                      (9) 

Therefore, the maximum blocking voltage of all 

switches of the proposed 31-level inverter (Vblock,2)is as 

follows: 

Vblock,2=VSR,1+VSR,2+VSR,3+VSR,4+VSL,1+VSL,2+

VSL,3+VSL,4+VSa+VSb 

4(VR,2+VL,2)                                (10) 

Finally, the maximum blocking voltage of all the 

switches of the general topology (Vblock,n)is calculated as 

follows 

V(block, n)=4(V R,n+V L,n)                     (11) 

The magnitudes of the dc voltage sources of the proposed 31-

level inverter are recommended as follows: 

VL,1=Vdc               (12) 

VR,1=2Vdc                (13) 

VL,2=5Vdc                 (14) 

VR,2=10Vdc                (15) 

The proposed inverter can generate all negative and 

positive voltage levels from 0 to 15V dc with steps of Vdc. 

In addition, the number of levels synthesized by the 

toplogy is given 

N=2n+1                 (16) 

The peak voltage attained for such a configuration is given by 

Vmax =nVdc                                     (17) 

III. EXPERIMENTAL RESULTS 

 
Fig. 5: Output Voltage & Current Waveform for 31 Level 

Inverter 

The output voltage and current waveform of 31 level inverter 

shown in fig 3.The supply voltages are 22V, 43V, 86V and 

173V respectively. 

 
Fig. 6: Total Harmonic Distortion (%) 

The simulated output voltage and current 

waveforms are shown in Fig 2.The proposed topology is able 

to generate 31 levels (15 positive levels, 15 negative levels, 

and 1 zero level) with the maximum voltage of 225 V. 

Comparing the output voltage and current waveforms 

indicates that the output current waveform is more similar to 

the ideal sinusoidal waveform than the output voltage 

because the R–L load acts as a low-pass filter. In addition, 

there is a phase difference between the output voltage and 

current waveforms, which is caused by the inductive feature 

of the load. The total harmonic distortions of the output 

voltage and current are equal to 4.51%respectively. 

The harmonic spectrum of the output voltage and 

current respectively. The figure shows that the magnitudes of 

harmonics of both voltage and current waveforms are low. 

However, the harmonics of the current waveform are lower 

than the voltage waveform. 

 
Table 1: Switching Sequence of Positive Half Cycle 

Table 1 shows switching states 31 level inverter. The 

simulations done by MATLAB software. According to the 

maximum output voltage of the inverter will be 225V 

High-switching-frequency modulation methods like 

multi- carrier PWM and space vector modulation techniques 

have been used for MLI modulation control. On the other 

hand, active harmonic elimination, selective harmonic 

elimination, and fundamental frequency method are 

considered as low-switching-frequency methods. The 

proposed topology can be modulated with anyone of these 

methods with suitable adaptation. In the present work, the 

multicarrier PWM scheme is used. 

In a multicarrier PWM scheme, carrier signals are 

compared with the reference signal, and the pulses obtained 

are used for switching of devices corresponding to respective 

voltage levels. In the proposed topology, one switch may 

contribute for synthes is of more than one level at output 

terminals. Moreover, proper utilization of six modes (viz., 

modes 1, 2, 3, 5, 6, and 8) will lead to fundamental switching 

of T2 and T2 which bear voltage stress of 2Vdc each as 

compared to the remaining switches which bear voltage stress 

of Vdc each. Therefore, in this section, a control scheme is 

described where these modes are utilized to obtain a five-

level output. The treatment can, however, be extended for 

higher level inverters. 
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IV. CONCLUSION 

Two basic topologies have been proposed for multilevel 

inverters to generate seven voltage levels at the output. The 

basic topologies can be developed to any number of levels at 

the output where the 31-level and general topologies are 

consequently presented. In addition, a new algorithm to 

determine the magnitude of the pv voltage sources has been 

proposed. The proposed general topology was compared with 

the different kinds of presented topologies in literature from 

different points of view. According to the comparison results, 

the proposed topology requires a lesser number of IGBTs, 

power diodes, driver circuits, and switches. However, the 

proposed topology has a higher number of variety of pv 

sources in comparison with the others. The performance 

accuracy of the proposed topology was verified through the 

MATLAB simulation results of a 31-level inverter. 
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