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Abstract
In this study, a new type of cascaded modular multilevel inverters (CMMLIs) is presented which is able to produce a
considerable number of output voltage levels with a reasonable number of components. Accordingly, each series stage of the
proposed CMMLI is comprised of two same basic units that are connected with each other through two unidirectional power
switches without aiming any of the full H-bridge cells. In addition, since the potentiality for generating a higher number of output
voltage levels in CMMLIs hinges on the magnitude of the dc voltage sources used in each series unit, in the rest of this paper,
four different algorithms for determining an appropriate value for the dc sources’ magnitude are also presented. In the following,
a comprehensive topological analysis between some CMMLI structures reported in the literature and proposed structure along
with several simulation and experimental results will be also given to validate the lucrative benefits and viability of the proposed
topology.
Key words: Cascade multilevel inverter, Determination of dc voltage sources, Modular multilevel inverter topologies, Reduced
number of components.

I.

INTRODUCTION

In the field of industrial power electronic utilities,
multilevel voltage source inverters (MLVSIs) offer the
promising potential for use in medium and high power
applications due to their various salient features such as low
voltage stresses on switches, low total harmonic distortion
(THD) of the output waveforms, no need for large output
filters or transformers, and low cost [1]-[10].
In general there are three types of MLVSIs. These are the
diode clamp MLVSIs [5], flying capacitor MLVSIs [6]-[8]
and cascaded H-bridge MLVSIs [9], [10]. However, these
conventional types always suffer from requiring a large
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number of power electronic components, isolated dc voltage
sources and charge balancing control procedures which can
increase the overall operating and maintenance costs.
Nowadays, in order to alleviate the above-mentioned
limitations, many structures have been presented in the
literature. They have addressed the elevation of the output
voltage levels through the minimization of the overall costs
by regarding the basic concept of MLVSIs. Hence, several
new basic units were suggested which can work as a level
creator sub-unit. These proposed basic units are connected to
a full H-bridge unit for changing the voltage polarity of the
output waveform and then these modules are cascaded with
each other in series form to generate multiple output voltage
levels [11]-[19]. In addition, cascaded connection of series
basic units offers the modularity property which can reinforce
the reliability and flexibility of system.
Since cascaded modular multilevel inverters (CMMLI) can
typically generate any desired number of higher output
voltage levels, the value of the dc voltage sources which can
be provided from several renewable energy resources (REs)
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comprehensive comparison from different aspects under fair
conditions has been conducted in section IV. To confirm the
effectiveness of proposed topology, several results obtained
from experimental tests and a computer simulation platform
done by PSCAD/EMTDC software are presented in section V.
Finally, some conclusions are presented in section IV.

Fig. 1. Proposed basic unit.

can be chosen to be either symmetric or asymmetric. In the
symmetric structures, the magnitudes of the dc voltage
sources are same. Therefore, the variety of isolated dc voltage
sources is low which makes them more suitable for cost
effective power electronic applications [12], [20], [21].
On the other hand, these dc voltage values can be selected
to be different in the asymmetric configurations. In this case,
although the variety of isolated dc voltage sources is high, the
number of generated output voltage levels is a lot more than
the symmetric structures which attempts to achieve a better
power quality through a lower value of the THD and a
reduced number of power electronic elements [22]-[26].
Nevertheless, using an additional full H-bridge unit in the
new developed MLVSIs usually leads to an increase in the
number of power switches and in the maximum number of
current path components which can enhance the total
conduction loss and degrade the overall efficiency thereby.
The aim of this paper is to reduce the overall component
count of CMMLIs through presenting a novel topology which
does not need a conventional full H-bridge cell for changing
the output voltage polarity and can improve the flexibility of
the system by the contribution of the capacitive divider
technique applied on the dc-links.
Therefore, the rest of this study is organized as follows. At
first, a new basic modular MLVSI topology is presented
which is comprised of six unidirectional and two
bi-directional power switches, two isolated dc voltage sources
and four capacitors as the dc link energy sharing elements in
the power circuit. In this case, the four utilized capacitors are
charged and discharged frequently during the positive and
negative half cycles of the output waveform by power supply
self-voltage balancing. Meanwhile, the suggested topology
does not contain any full H-bridge cells.
After that, to increase the number of output voltage levels
with the smallest number of switches and other
accompanying components, the proposed CMMLI is
presented. It offers a modular structure and a lower
component count than many of the recently presented
topologies. Section III also presents four different algorithms
in order to determine the proper magnitude for the dc voltage
sources used in each series unit of the proposed CMMLI.
Moreover, to corroborate the advantages of the proposed
CMMLI in contrast to other recently presented structures, a

II.

PROPOSED MLVSI TOPOLOGY

The main component of the proposed modular MLVSI
topology named as the proposed basic unit is shown in Fig. 1.
As can be seen, the proposed basic unit consists of one dc
voltage source, two capacitors as dc link energy sharing
elements, and one bi-directional and two unidirectional power
switches which should be triggered by complementary
operations to avoid short circuit problems. In this case, the
bi-directional power switch can be substituted by one
ordinary power switch and four power diodes to undertake
the conduction of the reverse current in both directions.
In order to demonstrate the operating modes of the
proposed basic unit, the current flow path of four passible
output voltage states are illustrated in Fig. 2(a)-(d).
According to Fig. 2(a) and (b), when either the switch of T
or T  is turned ON and S becomes OFF, the voltage of the
dc source ( V dc or V dc ) is transferred to the output. At this
stage, none of the dc link capacitors enter into the current
path and as a result both of them are directly charged by
power supply.
In addition, according to Fig. 2(c) and (d), when S
becomes ON and switches T or T  become OFF, the across
voltage of C 1 or C 2 is pumped to the output. Here, when
the across voltage of one supposed capacitor ( C 1 or C 2 ) is
being pumped to the output, another capacitor is directly
charged by the power supply.
The proposed MLVSI topology shown in Fig. 3(a) is made
by the contribution of the introduced basic unit. Here, to
create an optimum structure of a MLVSI in terms of having
the lowest number of switching devices with greatest number
of generated output voltage levels, two same basic units with
opposite polarities are used in the proposed overall structure
instead of using a full H-bridge unit in the front of the
proposed basic unit. Table I indicates the seventeen different
ON switching states of the proposed topology in which C and
D stand for the charging and discharging modes of the
capacitors, respectively. In addition, V C 1, L ,V C 2,L ,V C 1,R and

V C 2,R are the across voltages of the capacitors C1,L , C 2,L ,
C 1,R and C 2,R , respectively.
Meanwhile, V dc,L and V dc,R denote the required dc voltage
sources located at the left and right side of the circuit,
respectively. In this case, to avoid short circuit problems, the
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TABLE I
DIFFERENT SWITCHING AND CAPACITORS’ STATES FOR PROPOSED
MLVSI
States

ON-STATE
SWITCHES

Cap States

C2,L

C1,R

C2,R

T ,T ,T  

C

C

C

C

0

2
3
4
5

S L ,T ,T R 
T L ,T ,T R 
T L ,T ,S R 
S L ,T , S R 

D
C
C
D

C
C
C
C

C
C
C
C

C
C
D
D

V C 1, L

6
7

T L ,T ,S R 

C
C

C
C

C
C

D
C

D

C

C

C

V C 1, L V dc , R

T L ,T ,T R 
1

L

Fig. 2. Different current flow path of operating modes for proposed
basic unit when (a) V d c (b) V d c (c) across voltage of
(d) across voltage of

C1

8
9
10

C 2 is transferred to the output.

11
12
13
14
15
16
17

T ,T ,T 

Voltage
Current

V dc , L V C 2, R

V dc , R

C

C

C

C

C

D

C

C

V C 2, L

C

C

C

C

V dc , L

C

C

D

C

V C 1, R

C

D

D

C

V C 2, L V C 1, R

C

C

C

D

V dc , L V C 1,R

C

C

C

C

V dc , R

C

D

C

C

V C 2, L V dc , R

C

C

C

C

V dc , L V dc , R

the voltage variations of the capacitor C 1,L for the first
positive step of the output voltage can be expressed as:

C1,L

V o lta g e

V C 1, L V C 2, R

V dc , L V dc , R

R

S L ,T ,T R 
T L ,T ,T R 

V dc , L
V C 2, R

interval of (1 ,  2 ) in Fig. 3(b) and with respect to Table I,

(a)

2pi

Vc1,L
pi
a1

R

T L ,T ,T R 
S L ,T ,T R 
T L,T ,T R 
S L ,T ,T R 
T L ,T ,T R 
T L,T ,S R 
S L ,T ,S R 
T L ,T ,S R 
L

-Vc2,L

vo

C1,L

a2
C2,L

V C 1, L
1 , 2 

1

C

2



1

1
i C ,1L (t )d t  
C

2

i

L

(t )d t

(1)

1

where, i C ,1L (t ) is the passing current of C 1,L and i L (t ) is
wt

(b)
Fig. 3. (a) Proposed MLVSI topology (b) Typical output voltage
and current waveforms of proposed topology.

paired switches (T ,T ) , (T R ,T R ) and (T L ,T L ) should not
be turned ON, simultaneously.
Fig. 3(b) shows typical output voltage and current
waveforms of the proposed topology based on a 50Hz
switching frequency. In this case, two utilized dc voltage
sources are assumed to be non-equal and a resistive-inductive
load has been connected at the output of the proposed
topology.
At this stage, to demonstrate the accurate self-charge
balancing operation of capacitors in the proposed topology,
the capacitance for all of the capacitors are assumed to be the
same and equal to C . Therefore, by considering the time

supposed to be a sinusoidal load current which can be
expressed as:
i L (t )  I m sin( t   )
(2)
where I m ,  and  are the amplitude of load current, the
angular frequency of the output voltage and the phase
difference between the load voltage and the current
waveforms, respectively. On the other hand, by applying the
Kirchhoff voltage law (KVL) in the left loop of the converter,
it is obvious that:
(3)
V C 1, L V C 2, L  V d c, L
Therefore, the voltage variation of the capacitor C 2,L is
always equal to the opposite value of the voltage variation of
the capacitor C 1,L or in other words:
V C 1, L  V C 2, L

(4)

In addition, by using (4) and according to Fig. 3(b), the
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voltage variations of the capacitors for the time interval of

(1   ,  2   ) in the first negative step of the output
voltage can be taken by:
V C 1, L  V C 2, L  

1   , 2  

1
C

2  



i C ,2 L (t ) d t  

1 

1
C

 2 

 i (t ) d t
L

(5)

1  

where, i C ,2 L (t ) is the passing current of C 2,L . From the
sinusoidal assumption of the load current according to (2) and
having considered (1) and (5), the voltage variations of C 1,L
during the generation of the first output voltage level in both
the positive and negative half cycles is equal to zero,
according to (6):
V C 1, L  V C 1, L  0
(6)
1 , 2 

1  ,2  

Meanwhile in the first output voltage level in both half cycles,
two other capacitors from the right side of the circuit are
being charged separately by another dc power supply.
With respect to this analysis, the across voltage of each
capacitor is balanced at the initial voltage value in the zero
V
output voltage level which is equal to dc .
2
A similar analysis can be accomplished for each of the
output voltage levels and for each of the capacitors. The
result of this behavior is that the proposed circuit is able to fix
the voltage of the capacitors at the half value of the dc
voltage sources since the capacitive divider technique and
this operation do not depend on the value or type of loads.
Now, in order to increase the number of output voltage levels
and to define the general modular structure, the proposed
CMMLI is made according to Fig. 4. In this regard, if n is
assumed to be the number of the proposed MLVSI units
connected with each other by series connection, the output
voltage of the proposed CMMLI can be obtained by:

V O (t )  v o ,1 (t ) v o ,2 (t )  ... v o ,n (t )

(7)

In addition, the number of required power switches or
required gate drivers and the number of required dc voltage
sources, dc-link capacitors and the maximum number of
switches in the current path for proposed CMMLI are
calculated by the following equations, respectively:

N Switch  N Driver  8n

(8)

N Source  2n

(9)

N Cap  4n

(10)

N C ,max  3n

(11)

III. PROPOSED ALGORITHMS TO DETERMINE THE
MAGNITUDE OF DC VOLTAGE SOURCES
In this section, to determine a suitable magnitude for the dc
voltage sources of the proposed CMMLI topology, four
different passible algorithms are presented. In addition, the

Fig. 4. Proposed CMMLI topology.

number of generated output voltage levels, the maximum
value of the output voltage, the variety of the isolated dc
voltage sources and the total value of the blocked voltage are
calculated for each of them.

A. First Proposed Algorithm
In the first algorithm, the magnitude for all of the dc voltage
sources is assumed to be the same (symmetric algorithm) and
equal to:

V dc,Li V dc,Ri  2V dc for (i  1,2,..., n )

(12)

It is clear that the variety of isolated dc voltage sources based
on the proposed symmetric algorithm is one. Therefore, the
number of output voltage levels and the maximum value of
the output voltage are expressed as (13) and (14),
respectively.

N level  8n  1

(13)

V o ,max  4nV dc

(14)

Another critical parameter which usually influences the
overall cost function of an inverter is the total value of the
maximum blocked voltage across the switches in their OFF
state condition. Therefore, this value is calculated by the
following equations for all of the involved switches in the
proposed CMMLI based on the first proposed method.
V Block ,T i V Block ,T i  4V dc
(15)

V Block ,T L i V Block ,T L i V Block ,T R i V Block ,T R i  2V dc
V Block ,SL i V Block ,SR i  V dc
n

(16)
(17)

V Block  2  (V Block ,T i V Block ,T L i V Block ,SL i )  18nV dc (18)
i 1
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(a)
(b)
(c)
(d)
Fig. 5. Comparisons between three supposed asymmetric algorithms (a) variations of N Switch versus N level (b) variations of N Source
versus N level (c) variations of N V ariaty versus N level (d) variations of CF versus N level .

B. Second Proposed Algorithm
The second proposed algorithm is dedicated to the binary
pattern for the magnitude of the dc voltage sources in each
series unit, which can be written according to (19):

V dc,Ri  2V dc,Li  2 13n 1V dc for (i  1,2,..., n )

(19)

TABLE II
SYMMETRIC COMPARISON BETWEEN PROPOSED CMMLI AND OTHER
TOPOLOGIES FOR N level  25

Paramaters
No. Refs

N Switch & N Driver

N Source

N C ,max

V Block

CF
1620

Hence, the number of output voltage levels, the maximum
value of the output voltage, the maximum value of the
blocked voltage and the variety of the isolated dc voltage
sources are calculated by the following equations:

[12]

30

12

12

54V dc

[14]

36

6

24

60V dc

1080

[20]

26

12

13

48V dc

1248

N level  13n

[21]&[25]

36

12

12

60V dc

2160

[22]
First top
[26]
Second
top [26]
Proposed
CMMLI

36

12

24

48V dc

1728

28

6

14

72V dc

1008

48

6

24

72V dc

1728

24

6

9

54V dc

648

(13n  1)
V o ,max 
V dc
2
13n  1
V Block  9  (
) Vdc
4

N Variaty  2n

(20)
(21)
(22)
(23)

C. Third Proposed Algorithm

N level  9 n

The magnitude of the dc voltage sources in each series unit
of the proposed CMMLI can be adjusted as a trinary pattern
in third proposed algorithm, according to (24):

V dc,Ri  3V dc,Li  2 17n 1V dc for (i  1,2,..., n )

(24)

V o ,max 

V Block  9  (

V o ,max 

(17n  1)
V dc
2

V Block  9  (

17 n  1
) Vdc
4

N Variaty  2n

(25)
(26)
(27)
(28)

D. Fourth Proposed Algorithm
In the fourth proposed algorithm, the magnitude of the dc
voltage sources used in each unit is adjusted in the symmetric
form. These values are different in comparison to the other
units in the proposed CMMLI and can be set based on (29):
V d c,Ri  V d c, Li  2  9 n 1V dc for (i  1,2,..., n )

(29)

In this case, the related equations, like those of the other
proposed algorithms, are calculated and can be expressed as:

9n  1
) Vdc
4

N Variaty  n

The related equations of N level ,V o ,max ,V Block and N V ariaty are
obtained by the following:
N level  17 n

(9  1)
V dc
2

(30)

n

(31)
(32)
(33)

At this stage, in order to evaluate the three supposed
asymmetric algorithms for the proposed CMMLI topology,
variations of the number of required power switches, the
number of required dc voltage sources and the variety of
isolated dc voltage sources versus different numbers of output
voltage levels have been shown on the basis of Fig. 5(a)-(c).
In addition, the consequent above-mentioned parameters
which can estimate the overall operating cost of the system
are functionalized according to (34). This equation is derived
from the defined cost function (CF) presented in [14].
Then its respective variations are shown by Fig. 5(d). Here,
the per unit value of the total blocked voltage (V Block pu ) can
be denoted by (35).

CF  (N Switch )  (N Source )  (NVariaty )  (V Block pu )
V Block pu 

V Block
V o ,max

(34)
(35)
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(a)

(b)

(c)

(d)

(e)
(f)
(g)
(h)
Fig. 6. Suggested CMMLI topologies in (a) Ref [12] (b) Ref [14] (c) Ref [20] (d) Ref [21]&[25] (e) Ref [22] (f) Ref [24] (g) First Top of
Ref [26] (h) Second Top of Ref [26].

It should be noted that, the values of the blocked voltages for
each of the proposed algorithms, in terms of number of
output voltage levels, are always equal to each other and can
be written as:

9  ( N level  1)
(36)
4
By taking these figures into account, it is clear that the
third proposed algorithm offers the better condition in
contrast to others and since it can minimize the cost, this
algorithm would be selected as the main proposed
asymmetric structure for the comparison done in the next
section.
V Block 

IV. COMPARISON DISCUSSION
In this section, the proposed CMMLI is compared with
several recently presented MLVSI topologies from the view
point of both symmetric and asymmetric conditions. The
details of each cited structure in terms of its topological
platform, have been depicted in Fig. 6(a)-(h).

A. Symmetric Comparison
In the symmetric comparison, the proposed topology based
on the first recommended algorithm is compared with the
MLVSIs proposed in [12],[14], [20]-[22], [25] and the two
suggested structures in [26] in terms of the number of
required power switches or gate drivers, the total value of the
blocked voltage, the maximum number of current path
components and the number of required dc link voltages for
the specific number of output voltage levels ( N level  25 )
that can be generated by all of the structures. These
comparisons are summarized by Table II which can
corroborate the salient advantages of the proposed topology
compared to the existing structures in terms of most of the
key parameters.

B. Asymmetric Comparison
In this case study, to have fair surveys in comparisons,
among the various suggested algorithms to determine the
magnitude of dc voltage sources, the best option of each
structure is chosen in such a way that the maximum number
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Sec top
[26]
[26]

[24]
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[14]

5
0
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[12]&[21]
[22]&[25] Proposed
CMMLI

N level

60

80

12

Sec top
[26]
First top
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[26]
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[24]

5

[14]
20

[21]&[25] [12]
40

(a)

Firs&Sec
top[26]

200

N level

60

80

100

0

20

40

N level

Proposed CMMLI

60

80

100

[14]

60
N level

1000

80

First top
[26]

1200

[22]
[24]
[12]&
Proposed CMMLI

50

[12]&[14]&S ec top[26]

40

40

(c)

150
100

20

S ec top[26]

20

1400

2
Proposed CMMLI

[14]&[21] First top
[22]&[25] [26]

6

0

100

CF

V block

N variety

80

[21]&[25]

4

0

N level

60

250

[24]

[12]

2

Proposed
CMMLI

300

[21]&[22]&[25]
First top
[26]

[24]

(b)

8
6

8

4

0

100

[22]
N source

N switch

20

N c,max

25

800

[21]&[25]
[24]

[22]
Sec top
[26]

600
400

[12]
[14]

Proposed
CMMLI

40

60
N level

80

200

100

0

20

100

(d)
(e)
(f)
Fig. 7. Asymmetric comparisons (a) variations of N Switch & N Driver versus N level (b) variations of N C ,max versus N level (c)
variations of N Source versus N level (d) variations of N V ariaty versus N level (e) variations of V Block versus N level (f) variations of
CF versus N level .

respect to Fig. 7(c), and (d), it can be understood that the
proposed topology possesses acceptable conditions in terms
of the number of required dc voltage sources and the variety
of isolated dc voltage sources, as well. Furthermore, Fig. 7(e)
corroborates the desired situation of the proposed topology as
the total blocking voltage view point in comparison to the
others. Meanwhile, in terms of the overall estimated cost
function aspect, the proposed topology has the most desirable
conditions in comparison with all of the discussed structures
based on their variations in Fig. 7(f).

IV. VERIFICATION RESULTS
Fig. 8. Laboratory prototype.

of output voltage levels is able to be generated with the least
of component counts. For this reason, the fourth proposed
algorithm of [24] and ninth proposed algorithm of [22] are
selected in this comparison.
On the basis of the above specifications, Fig. 7(a)-(f) show
the variations of the required power switches or gate drivers,
the maximum number of load current path components, the
number of required dc voltage sources, the variety of isolated
dc voltage sources, the maximum value of the total blocked
voltage and the overall cost function based on (42) versus the
different number of output voltage levels for the proposed
asymmetric CMMLI working on the basis of the third
presented algorithm and some other existing structures
depicted in Fig. 6(a)-(f). From Fig. 7(a) and (b), it is clear that
the proposed topology requires the smallest number of power
switches and current path components for generating the
same number of output voltage levels. In addition, with

In this section, obtained simulation and experiment results
based on the proposed MLVSI topology shown in Fig. 3(a)
and the proposed CMMLI depicted in Fig. 4 are presented. In
the computer simulation process, PSCAD/EMTDC software
is used and all of the semiconductor devices are assumed to
be ideal.
In all processes of simulation and experimental tests, a
resistive-inductive load with values of R  25  and

L  250mH is considered. The experimental setup of the
proposed topology is shown in Fig 8. The power MOSFETs
used in the prototype are SPW47N60C3s (with antiparallel
diode) that can tolerate 650V as the maximum value of the
peak inverse or blocked voltage value. Meanwhile, a 89C52
microcontroller made by ATMEL Company has been utilized
in the experimental tests to generate the respective gate
switching pulses at the fundamental switching frequency with
respect to Table I.
In addition, among the four proposed algorithms to meet
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(a)
Fig. 9. Output voltage and current waveforms (a) in simulation (b) in experiment.

(b)

Fig. 10. Across voltage waveforms of capacitors in the experiment (50V/div).

Fig. 11. Observed blocking voltage waveforms from left to right for switches T L (50V/div), T ( 50V/div), T R ( 100V/div), S R
(100V/div)and S L (50V/div) based on the experimental results.

the precise magnitudeof dc voltage sources, the third
asymmetric pattern which could attain the best cost-effective
capability of generating the largest number of output voltage
levels with the minimum devices count, is considered in the
performance evaluation. Therefore, the values of two utilized
dc voltage sources are set on 100V and 300V based on the
third presented algorithm. In addition the capacitance of all
dc link capacitors are assumed same and equal to 2200 F .
Fig. 9 (a) and (b) show the output 17-level voltage and nearly
sinusoidal load current in the simulation and in experiment,
respectively. As can be seen, the obtained results have good
agreement with each other. Here, the maximum amplitude of
the load voltage and current are 400V and 5A, respectively.
Furthermore, the balanced voltage waveforms of the dc link
capacitors on the basis of experimental results are shown in
Fig. 10. As can be seen, the dc link voltages are quite smooth

and have acceptable ripple values, which can attest to the
precise capacitive divider feature of the proposed topology
during the loading condition. The peak inverse voltage (PIV)
or blocked voltage waveforms across the switches T L , T , T R ,

S R and S L in the experimental process have also been
illustrated in Fig. 11. In this case, the maximum value of
blocked voltage is about 400V which can be tolerated by two
interconnected switches.
Likewise, to confirm the correct performance of the
proposed circuit during different types of loading conditions
when a 2A inductive load has been connected at the output,
the experimental effectiveness of output voltage and current
waveforms are shown in Fig. 12(a). Also, based on the
simulation platform, the overall performance of system under
a step change in the type of load from 5A (resistive-inductive
loading condition) to 2A (inductive loading condition) is
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(a)

(b)

Fig. 12. Output voltage and current waveforms (a) Under an inductive load condition in the experiment (b) Sudden dynamic behavior in
simulation.

(a)

(b)

(c)

Fig. 13. Observed waveforms of proposed 81-level inverter from the experimental test (a) output voltage of first unit (25V/div) (b)
output voltage of second unit (100V/div)(c) load voltage and current (250V/div&2A/div).

shown in Fig. 12(b). In this case, as expected, all of the
output voltage levels can be properly made without any
distortions in the output voltage levels which can demonstrate
the robust performance of the proposed system in terms of
dynamic view.
Finally, in order to assert the capability of the proposed
structure in a higher number of output voltage levels and to
authenticate the performance of the other recommended
algorithms for the dc voltage sources' magnitude, the
connection of two series units of the proposed MLVSI based
on Fig. 4 is considered at this stage, when an inductive load
has been connected at the output. In this case, by utilizing
only 16 switching devices, two dc sources in each unit and
the fourth presented pattern for the magnitude of the dc
voltage sources, an 81-level output voltage is made with
respect to (30).
Fig. 13 (a)-(c) show the corresponding output voltages of the
first unit, second unit and 81-level load voltage and current
waveforms of this structure in the experiment, while a 3A
inductive load is connected at the output. Here, the magnitude
of the used dc-sources are set at V d c, L 1  V d c,R1  20V and

V d c, L 2 V d c,R 2  180V .

Therefore, both of the units of the proposed MLVSIs produce
four positive levels, four negative levels and one zero level at
their output with amplitudes of 10V , 20V , 30V , 40V
and 90V , 180V , 270V , 360V , for the first and

second proposed series units, respectively.

V. CONCLUSIONS
In this paper, to generate a higher number of output voltage
levels with reductions in the components count and in the
other important power electronic parameters of the cascaded
modular multilevel inverters (CMMLIs), a new topology was
presented in which does not require any H-bridge cells in
each series unit to turn the output voltage polarity. Hence,
each series unit of the proposed CMMLI is composed of two
isolated dc voltage sources, four capacitors and eight gate
drivers. In this case, all of the dc link capacitors are directly
charged by power supplies without utilizing any complicated
control strategies. In addition, in order to achieve a different
number of output voltage levels, four different algorithms for
determining the magnitude of the dc voltage sources were
suggested. A comprehensive comparison from different
aspects confirms the advantages of the proposed structure in
comparison to several recently presented CMMLIs. Finally,
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the effectiveness and correct performance of proposed
17-level and 81-level derived topologies have been verified
by simulation and experimental results.

[16]
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