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In this paper, contrast of output voltage levels and total harmonic distortion of a new 
single phase CHB multilevel inverter of 31 and 49 levels with fewer number of power 
electronics switches with various voltage sources is proposed. The number of dc voltage 
sources, switches, installation area, and converter cost is appreciably reduced as the 
number of voltage steps increases. Then, the configuration of the proposed topology is 
optimized in order to employ a minimum number of switches and dc voltage sources, and 
produce a high number of output voltage steps. In order to generate all voltage levels 
(even and odd) at the output, different algorithms are proposed to determine the 
magnitudes of dc voltage sources. In addition, in the proposed cascaded multilevel 
inverter, not only the number of required power electronic devices is reduced but also the 
amount of barren voltage on switches and the number of different voltage amplitudes of 
the used sources is diminished. These features are obtained via the comparison of the 
proposed topology and its proposed algorithms with the conventional cascaded multilevel 
inverters that have been presented in the literatures. The operation and performances of 
the proposed topology with its presented algorithms in generation all voltage levels have 
been verified by using the simulation results of a 31 and 49-level single-phase inverter. 
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I. Introduction 

Multilevel inverters attained influential growth in almost every application chiefly due 
to its capacity in providing the output with extremely minimum distortions. They are also 
capable of absorbing the input voltage with minimum distortions. Multilevel inverters are 
preferred to conventional inverters because they are capable of generating step wave 
output which is similar to sinusoidal waves. Multilevel inverter reduces stresses along 
power semiconductor switches which results in reduction of EMC (electro magnetic 
compatibility) and it facilitate in reduction of harmonic content in the system. Multilevel 
Inverters holds more advantages to that of the conventional inverter. 

Multilevel inverters are becoming recent trends, because of its modularity and 
simplicity of control to generate particular number of levels. Multilevel inverters have a 
number of applications such as UPS, in power grid, as solar inverter, induction heating 
and number of other applications. By increasing the number of dc voltage sources, a 
sinusoidal like waveform can be generated. Thus the total harmonic distortions decreases 
which has a great significance in power grid applications. A sine wave output is desirable 
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because many electrical products are engineered to work best with a sine wave AC power 
source. The standard electric utility power attempts to provide a power source that is a 
good approximation of a sine wave. Sine wave inverters with more than three steps in the 
wave output are more complex and have significantly higher cost than a modified sine 
wave, with only three steps, or square wave (one step) types of the same power handling. 
Switch mode power supply (SMPS) devices, such as personal computers function on 
quality of sine wave power. AC motors directly operated on non-sinusoidal power may 
produce extra heat, may have different speed-torque characteristics, or may produce more 
audible noise than when running on sinusoidal power thus the multilevel inverters with 
reduced number of switches becomes more significant. The multilevel inverters is 
classified as, neutral point clamped inverters, flying capacitor multilevel inverters and 
cascade multilevel inverters [1]-[3]. Of this three category cascaded multilevel inverter is 
recent trend because of its reliability. Cascaded multi level inverter uses reduced number 
of power switches and it produces a sinusoidal like waveform. [4],[5],[6]. Cascaded 
multilevel inverter is series connection of power switches and dc voltage sources. 
Cascaded multilevel inverters have several advantages when compared to other 
topologies. The main advantages of using the cascaded multilevel inverters are the high 
power quality waveforms due to the reduction in the total harmonic distortion and also 
the reduction of dv/dt stresses on the load, Cascaded multilevel inverters can be classified 
as symmetric and asymmetric multilevel inverters. The main difference between 
symmetric and asymmetric configuration is the magnitude of dc sources. In symmetric 
configuration magnitudes of dc sources are same, whereas in the asymmetric 
configuration magnitudes of the dc sources are different [7]. By using the cascaded 
multilevel inverters desired number of output voltage levels can be obtained by series 
connection of a number of dc voltage sources. A number of different topologies have 
been presented in the literature. Numerous basic units are also presented in the literature. 
The disadvantage of the symmetric configuration is that it requires more number of 
power switches when compared to the asymmetric configurations. A large number of 
asymmetric configurations are also present in literature.[7], [8], [9] and [10].Bt the dc 
voltage magnitude is very high in these papers. Single phase and three phase multilevel 
inverters can be produced by the series connection of a large number of the basic units. 
By using the same topology with the same number of switches different number of 
voltage level can be obtained by implementing different algorithms. In each algorithm the 
magnitude of the dc voltage sources are different. It can be symmetric or asymmetric. 
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 dc 
voltage sources and power switches but the high variety in the magnitude of dc voltage 
sources is their most remarkable disadvantage. 

II. Existing Topology 

Several algorithms for determining the magnitudes of dc voltage sources for the 
conventional cascaded multilevel inverter have been presented. The majored vantage 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 dc voltage sources and power switches 
but the high variety in the magnitude of dc voltage sources is their most remarkable 
disadvantage. In this paper, in orde rto increase the number of output voltage levels and 
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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, anew 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 dc voltage sources, the variety of the values of the dc 
voltage sources, and the value of the blocking voltages per switch. 

III .Proposed Topology 

In below figure, two new topologies are proposed for a seven-level inverter. As shown 
in Fig. 1, the proposed 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. As shown in Fig. 1, the simultaneous turn-on 
of SL,1 and SL,2 (or SR,1 and SR,2) causes the voltage sources to short-circuit. 
Therefore, the simultaneous turn-on of the mentioned switches must be avoided. 

 

Fig.1. Proposed seven level inverter first topology 

 

Fig.2. Proposed seven level inverter second topology 

Table 1 

Switching sequence of seven level inverter 

S.No SL,1 SL,2 SR,1 SR,2 Sa Sb V0 V0 
1 1 0 0 1 0 1 VL,1 VL,1 
2 1 0 0 1 1 0 VR,1 -VR,1 
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3 1 0 1 0 0 1 VL,1- 
VR,1 

VL,1+VR,1 

4 1 0 1 0 1 0 0 0 
0 1 0 1 0 1 

5 0 1 1 0 1 0 -VL,1 -VL,1 
6 0 1 1 0 0 1 -VR,1 VR,1 
7 0 1 0 1 1 0 -

(VL,1- 
VR,1) 

-(VL,1+ 
VR,1) 

 

Therefore, the instantaneous turn-on of the mentioned switches must be avoided. In 
addition, Sa and Sb should not turn on, simultaneously. The dissimilarity in the topologies 
illustrated in Fig. 1 is in the connection of the dc voltage sources polarity. Table I shows 
the output voltages of the proposed inverters for diverse states of the switches. In this 
table, 1 and 0 indicate the ON- and OFF-states of the switches, correspondingly. As it is 
obvious from Table I, if the values of the dc voltage sources are identical, the number of 
voltage levels decreases to three. Therefore, the values of dc voltage sources should be 
different to produce more voltage levels without increasing the number of switches and 
dc voltage sources. Considering the abovementioned explanations, the total cost of the 
proposed topology in Fig. 1(b) is small because dc voltage sources with low magnitudes 
are needed. By raising the seven-level inverter shown in Fig. 1(b), the 31-level inverter 
shown in Fig. 2 can be proposed. This topology consists of ten unidirectional power 
switches and four dc voltage sources. According to Fig. 2, if the power switches of (SL,1, 
SL,2), (SL,3, SL,4), (SR,1, SR,2), and (SR,3, SR,4) turn on simultaneously, the dc voltage 
sources of VL,1, VL,2, VR,1,and VR,2 will be short-circuited, respectively. Therefore, the 
immediate turn-on of these switches should be avoided. In addition, Sa and Sb should not 
turn on concurrently. It is important to note that the 31-level topology can be provided 
through the structure presented in Fig. 1(a), where the only difference will be in the 
polarity of the applied dc voltage sources. 

 

Fig.3. Proposed 31-level inverter 

IV. Proposed 31-Level Inverter 

The magnitudes of the dc voltage sources of the proposed 31-level inverter are 
recommended as follows: 
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The proposed inverter can generate all negative and positive voltage levels from 0 to 
15Vdc with steps of Vdc. 

V. Proposed 49 Level Inverter 

The 49 level inverter has the same number of voltage sources as that of 31 level 
inverter presented in this paper. However it has two more switches. So in this case we 
have increased the number of voltage levels by increasing the number of switches, 
without increasing the number of voltage sources. The switches for the 49 level inverter 
are SL11, SL12, SR11, SR12, SL21, SL22, SR21,SR22,Sa1,Sb1,Sa2 and Sb2. So here the 
number of switches is 12 compared to 10 for 31 level inverter. 

The 49 level inverter can be understood more clearly if we think it as two 7 level 
inverters connected in series. But the main difference is that the output voltage or load is 
connected as shown in the figure 14. Whereas in case of seven level inverter the output 
voltage is connected in the middle of circuit as shown in its figure. Here in 49 level 
inverter the magnitude of voltages sources are VL1=10V, VL2=70V, VR1=20V and 
VR2=140V. The maximum voltage output is 240V. The 49 level inverter is basically two 
cascaded 7 level inverters, therefore its output is the sum of the two cascaded inverters. 
Lets us take that Vo1 is the output voltage of first seven level inverter and Vo2 is the 
output voltage of second seven level inverter, and then the output of the 49 level inverter 
will be Vo1+ Vo2 . 

 

Fig.4. Proposed 49-level inverter 

In order to illuminate the pros and cons of the proposed topology, it should be compared 
with the different kinds of topologies presented in literature. In  the conventional 
cascaded multilevel inverter with two different algorithms has been presented. These 
algorithms are known as the symmetric cascaded multilevel inverters and the asymmetric 
ones with the binary method for formative the magnitude of dc voltage sources. It is 
important to note that the power switches in the aforementioned topologies are 
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unidirectional. In addition, other topologies based on bidirectional switches have been 
presented in [12] and [13]. In the assessment, the conventional symmetric cascaded 
multilevel inverter is indicated by R1and the conventional binary asymmetric cascaded 
multilevel inverter is shown by R2. Three other algorithms have been presented for this 
topology in [15], and [16], which are indicated by R3–R5, respectively. Moreover, 
another topology with three different algorithms for determining the value of dc voltage 
sources have been introduced in [14], which are shown by R13–R15 in this comparison. 
In [11], four different structures for the cascaded multilevel inverter have been presented, 
and in this paper, they are indicated by R6–R7 andR11–R12. In [13], three different 
algorithms have been recommended, which are denoted as R8–R10, and the presented 
topology in [13] is indicated by R16 in this comparison. 

VI. Matlab& Simulation Results 

 

Fig.5. output voltage of 31-level multilevel inverter 

 

Fig.6. output voltage and current of 31-level multilevel inverter 
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Fig.7. FFT analysis of 31-level CHB multilevel inverter 

 

Fig.8.Output switching pulses of a31-level multilevel inverter 

 

Fig.9. Switching pattern sequences of 31-level multilevel inverter 

 

Fig. 10. Single phase 49-level CHB multilevel inverter output voltage and current 
waveform 
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Fig. 11.Output voltage of Single phase 49-level CHB multilevel 

 

Fig.12. Total harmonic distortion analysis of 1-phase 49-level Multilevel inverter 

VII. Conclusion 

In this paper, two fundamental topologies have been projected for multilevel inverters 
to produce seven voltage levels at the output. The basic topologies can be developed to 
any number of levels at the output where the 31-level, 49-level, and general to pologies 
are consequently presented. In addition, a new algorithm to determine the magnitude of 
the DC 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 DC voltage sources. Moreover, the magnitude 
of the blocking voltage of the switches is lower than that of conventional topologies. 
However, the proposed topology has a higher number of variety of dc voltage sources in 
comparison with the others. The performance accuracy of the proposed topology for 31 
with 10 switches and four dc voltage sources where as 49 level with 12 switches and 
same 4 dc-voltage sources was verified through the MATLAB & simulation software. 
Finally the obtained result shows that the number of levels can be increased without 
increasing the number of voltage sources with lower number of harmonics and 
diminished THD of about 3.82% for the 39-level inverter whereas 2.13% for 49-level 
inverter. 
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