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Abstract-This paper presents a novel cascaded multilevel 
inverter topology. The series connection of proposed basic cells is 
the main core of this topology. Different methods to determine 
the values of DC voltage sources in cells are investigated. 
Advantages and disadvantages of this topology in comparison 
with classical topologies are discussed. Symmetric and 
asymmetric structures of this topology are well analyzed through 
simulations. 
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1. INTRODUCTION 

Regarding to achieve high power applications, multilevel 
inverter has been accepted through different topologies. 
Decreasing total harmonic distortion, lowering switching 
losses, reducing voltage stress of dvldt and improving EMI are 
the most important reasons that stand out the features of these 
topologies from compared to others [1 ]-[4]. Multilevel 
inverters incorporate a collection of power electronic switches 
and several DC voltage sources that can produce a desired near 
sinusoidal output voltage waveform. The multilevel converters 
are generally divided in two groups: classical Structures and 
modern structures. Classical multilevel power converters are 
classified into three structures, namely Neutral pointed 
clamped (NPC) converter, flying capacitor (FC) converter and 
cascaded H-bridge converter (CHB). The first structure 
introduced in this theme, was the cascade H-bridge inverter. 
The NPC inverter was proposed after CHB and then it was 
followed by FC inverter after few years which use floating 
capacitor to clamp the voltage levels instead of diodes in NPC 
converters [5]-[7]. 

The CHB topology is the most important structure among 
classical multilevel converters, due to the fact that this structure 
needs fewer number of power electronic components. The 
CHB multilevel inverters utilize series-connected H-bridge 
cells with an isolated dc voltage sources for each cell. As far as 
the values of dc voltage sources in CHB structures are 
concerned, they are divided into two groups: the symmetric and 
asymmetric topology. In the symmetric topology the value of 
dc voltage sources are equal and the number of switching 
devices increase by adding the number of output voltage levels 
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but in the asymmetrical structures, the value of dc sources are 
chosen unequal to increase the output voltage levels [8]. CHB 
structures are widely used in several industrial application 
fields such as pumps, Fans, compressors and etc. Recently, 
they are suggested for new application like photovoltaic power 
conversion and wind power conversion [9]-[13]. 

Due to the increased number of levels in these structures, a 
serious restriction pertained to a large number of components is 
realized. In fact, the large number of power electronic elements 
in these structures refers to one of the major disadvantages of 
aforementioned topologies. Each added active semiconductor 
requires associated gate drive circuits. As a result of increasing 
power electronic switches cause the overall system to be more 
expensive, bulky and complex. Another disadvantage of 
multilevel power converters, using isolated voltage sources or 
capacitor banks while isolated dc voltage sources may not 
always be readily available and using capacitors faces with 
balanced voltage problem. Consequently, for past few years 
efforts have been made to reduce power electronic elements 
and a large number of topologies have appeared. In the view of 
application requirements, new multilevel topologies have been 
suggested to reduce the number of components in addition to 
the other problems of classical structures such as high losses, 
cost and size [14]-[ 17]. 

In this paper a new cascaded multilevel inverter based on 
series connection of submultilevels is presented. 
Submultilevels perform a pivotal role in generating output 
levels. Accordingly, to begin with, the proposed submultilevel 
inverter is introduced and the procedure of symmetric and 
asymmetric implementation of the generalized multilevel 
topology is investigated. Furthermore, the structure of the 
proposed topology is compared with other topologies and 
consequently the computer-aided simulations are utilized to 
confirm the validity of proper performance of the multilevel 
inverter. 



IT. PROPOSED TOPOLOGY 

A. Submultilvel 
Fig. 1 shows the proposed submultilevel topology 

combined dc voltage sources and unidirectional and 
bidirectional switches. Each submultilevel as a basic cell 
consists of three DC voltage sources and four switches (2 
unidirectional and 2 bidirectional). Typical four different 
output voltage levels can be generated by each basic cell which 
is shown in Fig. 2. 
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Fig. I. Proposed submultilevel circuit 

Fig. 2. Output voltage waveformof submultilevel circuit. 
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Table T demonstrates the switching states in different output 
voltage levels. In this table, the state 1 means that the switch is 
ON and 0 indicates that it is OFF. Unless (S I ,S2) and (S3,S4) 
conduct simultaneously, short circuit od dc voltage source will 
not occurred. The main point standing out from table T is the 
ability of generating each level by conducting just one switch 
in any current path. This feature asserts optimal operation of 
the proposed configuration in the conduction losses criteria. It 
is essential to mention that the proposed cell is just able to 
generate positive levels at its terminal. 

TABLE 1. 

state 
1 
2 
3 
4 

SWITCHING STATES IN DIFFERENT OUTPUT VOLTAGE LEVELS 
OF PROPOSED SUBMUL T1LEVEL 

Switching states You! S, S, I S3 I S. 
1 0 0 0 0 
0 I ] 0 0 Vj 
0 0 l 1 J 0 V,+Vl 
0 0 0 r 1 V,+V,+V, 
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B. Cascaded Structure 
In order to achieve high voltage levels, a prevalent series 

connection of basic cells are utilized which facilitate generating 
procedure of higher levels in multilevel converters. Fig. 3 
shows the general structure of the proposed cascaded 
multilevel inverter. The proposed topology consists of m 
submultilevels using three dc voltage sources. For the sake of 
calculating total output voltage of the cascaded converter, the 
cells output are summed as: 

Vout =Vol +Vo2 +",+VOIl1 
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Fig. 3. General scheme of proposed cascaded multilevel inverter 

(1) 

Table II indicates the trend of generating output levels in 
generalized structure by turned on and off switches in different 
cells. Vividly, the maximum amplitude of the proposed 
topology is significantly increased. However, number of the 
levels is not a proper symptom to appraise an operation of a 
multilevel topology. Generally, Number of the switches and 
sources and blocking voltage of the switches are the most 
important assessment parameters in multilevel structures 
pertaining to each other. 



TABLE II. SWITCHING STATES OF PROPOSED CASCADED INVERTER 

Vo Sll I S]l I S31 I Sn I S12 1 Sn l S32 1 Sn I ·· ISJIII IS2rn IS3rn IS4/!/ 
0 1 0 0 0 1 0 0 0 1 0 0 0 

Vll 0 1 0 0 1 0 0 0 1 0 0 0 
Vll+ V31 0 0 1 0 1 0 0 0 1 0 0 0 

V/ /+ V2/+ V3/ 0 0 0 1 1 0 0 0 1 0 0 0 
Vel 1 0 0 0 0 1 0 0 1 0 0 0 

V]l+ V32 1 0 0 0 0 0 1 0 1 0 0 0 
V2/+ Vn+ V32 1 0 0 0 0 0 0 1 1 0 0 0 

�);, +v" +v" 0 0 0 1 0 0 0 1 0 0 0 1 
J=l 

In addition, the defmed values of dc voltage sources are 
associated to the output levels and the total blocked voltage. To 
design an asymmetrical implementation for the proposed 
general topology, an additional circuit is used to produce the 
minimum level in output voltage levels (V 0 is adj usted to the 
minimum value considered for dc sources). FigA shows the 
generalized multilevel inverter with an added H-bridge inverter 
changing the output polarity every half cycle. 
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Fig. 4. Generalized multilevel inverter with an additional circuit 

Considering the multilevel inverter includes m cells in FigA 
the number of the switches and dc sources are obtained as: 

N\witch = 6(m + 1) 

N.murce = 3m + 1 

(2) 

(3) 

In order to analyze the output voltage steps and blocked 
voltage of the switches, five distinct methods are proposed to 
realize symmetric and asymmetric implementation of the 
structure. The proposed methods concentrate on selection 
suitable value of sources which are in direct relation with the 
number of voltage levels and voltage rating on the switches in 
various cells arrangement. 

Table TIT evaluated the assessment parameters by numerical 
results derived from proposed methods. To be more specific in 
the table, the proposed inverter is able to attain 15 and 33 
output levels with the equal number of dc sources and power 
switches in symmetric and asymmetric form, respectively. It is 
notable that the inverter performance in different situations is 
directly related to blocked voltage of the switches and the 
number of the generated levels which differ in the proposed 
methods. 

To calculate blocked voltage of the switches, we have: 

j = 1, 2, ... ,m (4) 

(5) 

(6) 

Taking into account that blocking voltage is divided in 
three parts formulated in (4), (5) and (6); total blocking voltage 
is obtained as: 

m 

Vhlock = I Vblock,.1 + Vblock,H + Vhlock,ab (7) 
/=1 

where Vblock.H and Vblock.ab are the blocked voltage of the 
switches in H-bridge inverter and the additional circuit, 
respectively. The maximum output voltage value of the 
proposed inverter is sum of the value of all dc sources: 

m 

�JUt,max = 110 + I TJ.1 + V2.1 + V3.1 
/=1 

Clearly, the number of the output levels is achieved by: 

N level = 2(Vout.max) + I 

(8) 

(9) 

Considering (7) and (9), the blocking voltage and the output 
voltage levels are formulated based on the value of dc sources. 
In other word, the impact of symmetric and asymmetric 
accomplishment is situated in the corresponding equations. 

TABLE.1I1 PROPOSED ALGORITHMS DETERMINING THE VALUE OF DC SOURCES AND CORRESPONDING PARAMETERS 

ml 

method 
v" = v" = Vi, = vdc 

m 1 2 3 ... 

Vout, max 4 7 10 ... 

Nlevel 9 15 21 ... 

N"vilch 12 18 24 ... 

NWJurce 4 7 10 . . .  

Vhlock 25 44 63 ... 

m2 

v,j = V2i = V�j = 4/-1 Vdc 

1 2 3 ... 

4 16 64 ... 

9 33 129 ... 

12 18 24 ... 

4 7 10 . . .  

25 101 405 ... 

V =..!.V I} ,, 2j 0 

1 2 
4 9 

9 19 
12 18 

4 7 
24 62 

m3 m4 ms 

=V = 3; v" = 0.5V,/ = Vl/ = 2/-1 Vd, v,/ =0.5V2/ =0.5v,/ =2/-IVd, 

3 ... 1 2 3 ... 1 2 3 ... 

24 ... 5 13 25 ... 6 16 36 ... 

129 ... 11 27 51 ... 13 33 73 ... 

24 ... 12 18 24 ... 12 18 24 ... 

10 . . .  4 7 10 . . .  4 7 10 . . .  

174 ... 33 76 142 ... 39 105 237 ... 



Ill. COMPARISON WITH THE CLASSICAL STRUCTURE 

In this section, the proposed topology is compared with 
conventional cascaded H-bridge inverter which is the well
known industrial multilevel converter. Due to acceptable 
performance of the cascaded H-bridge inverter, novel 
structures are fundamentally compared with these structures. In 
this approach the suggested topologies aim to best 
accommodation with classical topologies. Hence the 
comparison issue is addressed by illustrating the variation of 
the blocked voltage of the switches and the number of the 
switches versus the output levels. The blocking voltage and the 
switch count have a dominant role in cost, the installation space 
and complexity of the converter. Fig. 5 shows the number of 
the switches used in different output levels. The proposed 
inverter with five suggested methods and conventional 
structures are compared. 
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Fig. 5. Variation of N,witch versus NI,,,, 

As can be seen in the figure, the proposed methods need 
less number of the switches in comparison to conventional 
structures. m3 and m2 have the best performance among 
others. It is imperative to express that not only do the 
asymmetric forms of the proposed inverter reduce device count 
but the symmetric one performs better than conventional 
structures. The variation of the blocking voltage of the 
proposed inverter with five suggested methods is compared 
with conventional structures versus changing the output levels 
is indicated in Fig. 6. 
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It is necessary to mention that CHB structure has the lowest 
amount of blocking voltage among multilevel topologies 
because of using large number of components. As shown in the 
figure, the proposed methods have an acceptable amount of 
blocking voltage in comparison with CHB. Furthermore m3 
has the lowest amount of blocking voltage in this comparison 
study. The determinant factor to have best performance in high 
levels of operation is the selective way for the value of the dc 
sources in this method which is addressed by two main points 
in comparison with other asymmetric methods (m2-m5): 

1- The total amount of dc sources in each cell amongst 
other methods is the lowest one. 

2- The procedure of asymmetric selection of the values is 
begun from the second cell. 

TV. SIMULATION RESULTS 

Tn order to verifY the steady state performance of the 
proposed multilevel inverter, simulation results under a 
resistive-inductive load have been used. A two-cell 
arrangement of the generalized proposed multilevel structure 
shown in Figure.7 has been chosen to evaluate symmetric and 
asymmetric forms of the topology. As is shown in Fig. 7, the 
topology consists of 3 main parts with distinct responsibilities 
in generating desire output voltage waveform. 10 unidirectional 
switches, 4 bidirectional switches and 7 dc sources are the 
components of the proposed structure. 
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Fig. 7. The proposed two-cell topology 

T, 

T, 

Tn regard to five different methods which have separated 
results in assessment criteria, ml and m3 represent symmetric 
and asymmetric implementation in this survey, respectively. 

Considering Table Ill, the inverter, with same number of dc 
sources and switches, is able to generate 15 and 19 steps in 
output by ml and m3, respectively. The R-L load is adjusted to 
R = 1 on and L= 1 OmH and the basic value of dc sources in 
additional circuit is regulated in 10 volts, so for mI ,  we have: 

VII = V21 = V31 = VI2 = V22 = V32 = 10 
Vo = 10 

(10) 



� I = V21 = V31 = 10 
V12 = V32 = 10 , V22 = 30 
Va = 10 

(11) 

As a consequence of this design for dc sources magnitude, 
the maximum voltage for ml and m3 will be 70v and 90v, 
respectively. Fig.S shows the output voltage of the topology 
before the H-bridge (vo) and after it (VOllf) and harmonic 
spectrum of the output voltage and output current. Besides that 
the performance of H-bridge circuit in changing polarity is 
justified in the simulation results, the remarkable effect of 
asymmetric design is illustrated with an increase in output 
steps, four-level increase, and consequently reducing the 
amount of total harmonic distortion from 5.4% to 4.3%. 
Moreover, in order to analyze the output current wavefonn, it 
is noticeable that the role of inductive load as a low-pass filter 
is distinguished by sinusoidal current wavefonn in comparison 
with output voltage wavefonn in both symmetric and 
asymmetric implementations. However the asymmetric 
accomplishment has affected more as symmetric one in quality 
of output current which is clarified with the corresponding 
amount of THD. 

Due to verify the formulated equations blocking voltage in 
each part of proposed structure, the proposed IS-level inverter 
has been selected to assert the simulation results. Therefore the 
blocking voltage of the different switches in symmetric form of 
the proposed multilevel inverter is depicted in Fig. 9. As is 
shown in the figure, we have: 

Vll = V12 = 30v 
V21 = V22 = 20v (12) 
V31 = V41 = V32 = V42 = 10v 

v.s·(/ = V% = Vo = 10v (14) 

m 

�iUt,max = Vo + I �J + v2; + V3; = 440 (15) 
;=1 

The results indicate that the values of blocked voltage of the 
switches in each step of output voltage levels endorse the 
calculated values of total blocking voltage in table m. It is 
notable that the voltage waveform of Sll, S21, S31, S41, TJ and 
T2 are similar as S12, S22, S32, S42, T4 and T3, respectively. 
Additionally, lack of negative magnitude in voltage waveform 
of the unidirectional switches such as Sll and S41 reconfinns 
the proper location of the switches while the magnitude of 
bidirectional switches such as S21 and S31 are either zero or 
positive in each output level and its current path. 
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V. CONCLUSION 

Tn this paper a new structure for multilevel inverters 
based on series connection of four-level sub-multilevel basic 
cells is proposed. The H-bridge inverter and additional 
circuit have been added to the basic form of the proposed 
inverter in order to generate positive and negative polarities 
and facilitate the symmetric and asymmetric 
implementations regarding the values of the dc sources. 
Different methods are suggested to choose the values of the 
dc sources and they are appraised by comparison studies 
with classical cascaded H-bridge inverter. The results of this 
survey illustrate the fact that the number of switches and the 
total blocking voltage of the inverter are reduced for the 
proposed topology compared to the classical ones. Finally, 
the simulation results on a two-cell inverter with symmetric 
and asymmetric implementation confirm the proper 
performance of the proposed topology. 
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