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Abstract-This paper proposes a novel topology of multilevel current source inverter which is suitable to apply in
low/medium voltage. The proposed topology is capable of producing desirable bidirectional output current levels.
Furthermore, it can employ symmetrical DC current sources as well as asymmetrical ones which is a significant
advantage. Asymmetrical mode makes it possible to generate a great number of output levels by appropriate selection
of DC current source magnitude, needless to make changes in the hardware of the inverter. As a result, various methods
are presented to compute the magnitude of needed DC current sources. In comparison to the conventional H-Bridge
inverter (CHB), the proposed inverter has lessened the number of required DC current sources, switches as well as
related gate driver circuits. The reduced number of required components has leads to cost and volume advantages. In
addition, the control layout has become simpler. Reduction of power loss as a result of reduced number of on-state
switches is the other merit of the proposed inverter. To evaluate the efficiency of the proposed inverter, its simulation
and experimental results are extracted including results of various methods of determining DC current source

magnitude.

Keywords: Multilevel current source inverters, Symmetric inverter, Asymmetric inverter, Reduced number of circuit

devices, Power loss.

1. INTRODUCTION
Introduction of the multilevel inverter by Nabae et al. [1]
has led to utilization of multilevel inverters instead of
electronic power conversion. As a practical power
electronic device, owning high quality of output
waveforms along with high efficiency has made
multilevel inverter suitable to be used in industrial [2].
The main merits of multilevel inverter include
improvement of power quality and electromagnetic
compatibility, less harmonic, lower value of dv/dt and
di/dt as well as switching losses. These advantages are
resultant from staircase structure of  output
voltage/current which is generated by various DC links.
By increment of DC links number, the output waveforms
include lower degree of harmonics and become almost

sinusoidal [3].

Multiple international standards such as IEEE-929,
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IEEE-1547, and EN-61000-3-2 have explained more in
detail output power quality of inverter i.e. Harmonic
spectra and etc. along with THD of output
voltage/current. The modulation strategy has an effect on
the operation of multilevel inverters. As a result, by the
introduction of multilevel inverters, various switching
techniques have been proposed for different kind of
multilevel inverters in order to improve their efficiency
as well as power quality [4-6]. Among the switching
methods, PWM (Pulse width modulation) and SVM
(space vector modulation) are the most commonly used
ones in the industrial [7].

Based on the structure of inverters, the DC sources can
be connected or islanded [8]. For example, in [9], a novel
voltage source multilevel converter is proposed with is
composed of series connection of a number of the
proposed basic multilevel units. Also, five different
algorithms are proposed to determine the magnitude of
DC voltage sources in this paper. Reduction of the power
switches and the different magnitudes of DC voltage
sources are two main advantages of this topology.
Furthermore, multilevel inverters can be considered as
one of the notable technologies of flexible AC
transmission systems devices [10] and renewable energy
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resources [11]. The multilevel inverters can be
categorized into two classes including multilevel voltage
source inverters (MVSI’s) and multilevel current source
inverters (MCSI’s). The first category is able to transfer
AC current waveform from DC current power source to
the load. However, the latter one owns DC voltage links
and can generate AC voltage waveform. Generally,
distributed generation units such as photovoltaic panels
need to convert generated DC power into AC power
which is performed through grid-connected inverters.
MCSI is suitable to provide the connection between AC
and DC side of power grid whose control is simpler than
MVSI. Buffering the output current from grid voltage
fluctuation, generating a predestine current to the power
grid in absence of AC current feedback loops and having
high power factor operation are the other advantages of
grid-connected MCSI. Moreover, its output current has
less dependency on the grid voltage and it can protect
against short circuits, innately [12]. The application of
CSC includes megawatt motor drive due to its
transformer-less and four quadrant operation [13], grid
integration without AC feedback due to direct output
current control [14], high-voltage DC (HVDC) and
flexible AC transmission system (FACTS) due to
inherent short circuit protection with longer mean time
between failure (MTFB) [15], and operation in weak
grids due to independent control of active and reactive
power. The multilevel CSI can replace two stage fuel-
cell grid integration as it performs both maximum
power point tracking as well as grid integration [16].
In [17], the topology of paralleled H-bridge multilevel
converter has been proposed for multi-string
configuration and dc-dc module-integrated
configuration with centralized inverter.

The multilevel current waveform can be produced by
paralleling multiple three-level H-Bridge CSls. The
requirement to a large number of circuit devices is the
drawback of conventional H-Bridge inverter (CHB)
similar to its peer. The other disadvantages of CHB
inverter can be named as large number of isolated DC
current sources and power switches in addition to gate
drive circuits [18].

The dual of flying capacitor based full bridge MVSl is
the other method which is a multi-cell structure based
MCSI. However, existence of bulky intermediate
inductors is the weak point of this structure which leads
to complication of balancing control of intermediate
current level [19]. In spite of proposing various
techniques to vyield this difficulty, utilization of
cumbersome inductors is expensive and restricts the
application of this MCSI kind [19]. Another MCSI is

proposed in [20] based on applying a single rating
inductor cell topology while it is the dual of the improved
diode clamped MVSI. This structure needs giant
inductors to firm alternative currents to avoid high losses
and less efficiency of power conversion.

In [21], modular symmetric and asymmetric reduced
count switch multilevel current source inverter is formed
by H-Bridge converter and "current cell”. Each current
cell has two IGBTS.

Current source modular multilevel converter has been
proposed recently in [22]. This topology is composed of
inductor modular cells. In this topology, to control the
output current, the half-bridge and full-bridge cell are
inserted or bypassed in each arm of the converter. A
MCSI using inductor cell connected to H-Bridge in [23].
This topology does not require multiple isolated DC
current sources. However, this topology includes costly,
high volume and multi rating inductor.

Unfortunately, less MCSI topologies are proposed up
to now and a great effort is needed for this issue. In
addition to advantages of multilevel inverters, there exist
various drawbacks, too. The most important drawback is
requirement to a high number of power devices including
DC current source, power switches along with related
gate drive circuits. Since expensiveness of DC current
sources, decreasing the number of required sources leads
to reducingtotal cost. In other words, a great amount of
current source inverter is related to the cost of DC current
sources. In addition, the number of power switches has a
great effort on the total cost. Applying a large number of
power devices in the construction of inverter makes the
circuit more complicated and needy to control scheme
which leads to expensiveness of inverter and reduction of
its reliability and efficiency [23]. As a result, it is
necessary to reduce circuit device number and propose a
new multilevel inverter structure to reach Dbetter
performance by reducing circuit components. This paper
proposes a novel multilevel current source inverter which
is suitable for high steps and has a lower number of
circuit components. The proposed structure is suitable for
low/medium power appliances while its control layout is
as simple as the cascaded multilevel inverter and is
capable of being applied symmetric and asymmetric
inverter. Moreover, different methods have been
presented to compute the value of DC current sources. A
significant increment in the number of inverter output
levels can be reached by suitable selection of DC sources
magnitude and needless to retouch its hardware. Finally,
the gained simulation and experimental results approve
merits of the proposed multilevel inverter. The rest of the
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paper is organized as follows: The proposed topology is
explained in Section 2. In Section 3, results of the
proposed inverter are compared with results of the
conventional CHB. The simulation and experimental
results are presented in Section 4. Lately, total
achievements of the paper are concluded in Section 5.

2. Configuration, Specification and Basic

Operation Principles of Proposed Topology
The required circuit devices are one of the main issues
that multilevel inverters are dealt with. It is common that
the number of required components and output current
levels are related to each other. It means that by an
increment in output current level, the number of circuit
components will increase too. The switches and relevant
gate drive circuits as the basic parts of converters are
supplied through DC power sources. The proposed
structure is constructed by paralleling multiple general
modules while per module is composed of several cells
as well as H-bridge inverter that are connected to the cells
in a suitable manner. The combination of DC current
source along with a pair of semiconductor unidirectional
switch makes cells while four semiconductor
unidirectional switches have formed H-bridge inverter.
Unlike MVSI, the IGBT as a unidirectional switch in the
structure of MCSI is needless of anti-parallel fast
recovery diode. Different methods are explained in the
following to specify the number of modules, cells and
magnitude of DC current sources. Fig. 1(a) depicts total
perspective of the general module. The proposed scheme
is able to generate positive and negative output signals
using various paths. Also, each current source can be
provided with one DC voltage source, an IGBT (Q.) and
one inductor as shown in Fig. 1(b). The power switch is
used to control current of each inductor independently.
Consequently, symmetric and asymmetric DC current
sources can be generated with this method.

The summation of output current values for different
cells is considered as the stepwise output signal of per
module. By applying H-bridge inverter, all current steps
considering positive, negative and zero values can be
determined for each module. This paper proposes various
methods to specify the magnitude of the DC current
source for the proposed inverter. All of these methods are
able to generate any output current level. Since, the
parameters m and n are utilized so common, it is defined
here. The proposed module owns m-modules while n; is
the cell number of j" module and i is the cell number of
j" module with n; cells.
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Fig. 1.(a) The basic schematic of general module (b) realization of
DC current source.

A. First Method
In the first method a module (m=1) along with various

cells (n;>1) is taken into account. This method can be
named as symmetric mode since the current magnitude
of all DC sources is the same as ;.. Based on the desired
level of output current, n can be changed. Switch number
of this method in the proposed converter is calculated as
follows:

N gy =20, +4 )

Switch

Where n1is the number of cells.

= N driver (2)

While, Nswitch and Nariver are the number of switches and
gate drivers, respectively. The output current is reached
by combining the individual currents of DC sources. As
a result, lomax Which is calculated by summation of the
magnitude of DC sources is considered as the upper limit
of current. The proposed method to compute lomax iS
expressed in Eq. (3) as bellow:

N

Switch

L]
Io,maxzzli:nlxldc (3)
i=1
The following equation can determine the number of
current levels (1):
I =2n +1 4)

The semiconductor device power (SDP) is a vital index
for multilevel inverters which can be calculated for all
switches using the equation bellow:
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SDP = Z:SDPSWnchk = Z\/Switchk X sy, (5)
k=1 k=1

Utilizing the above-mentioned equation, the SDP
value for this method is as follows:

SDPP* = 6n, 6)

The circuit topology of the first method for a 5-level
inverter is shown in Fig. 2. The converter is composed of
two DC current source along with eight switches. It can
be seen that the converter has one module (m=1) while
the cell number is equal to two.
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Fig. 2. Schematic of 5-level proposed MCSI according to First

Method.

The suggested inverter is able to generate five positive
negative and zero levels. The switching states
proportional to each level of output current are expressed
in Table 1 while 1 and 0 denote for ON and OFF states
of the switch.

Table 1. Switching states of the represented module according to
the first method

Output Current S S, H, H, Hs H,
2lgc 0 0 0 1 0 1

lgc 1 0 0 1 0 1

0 1 1 0 1 0 1

- lae 1 0 1 0 1 0

-2lge 0 0 1 0 1 0

The effective performance of the proposed symmetric
inverter is proofed using simulation results for a 5-level
test case as depicted in Fig. 2. As can be seen, the
maximum value of staircase signal is 2.5 A. The
simulation results are extracted using MATLAB/-
Simulink software. The load is composed of a series
resistive-inductive in parallel with a capacitor by the
magnitude of 47 Q, 8 mH and 25 pF, respectively. In
addition, the load's inductor (L) and output capacitor (Co)
plays as filter role. Existence of capacitor is inevitable for
two reason: the harmonic components of the PWM
current will flow through the filter capacitor and Due to
existence of inductive load, the filter capacitor is required
to avoid from the sudden current changes. The

calculation of output filter capacitor is presented in [21].
The output signals related to output current and voltage
for the 5-level symmetric case are shown in Fig. 3.

It can be concluded from Fig. 3 that utilizing the first
method, the proposed converter is able to produce all
current steps for a 5-level case study. By the way, the
experimental results of output current and voltage for the
5-level test case using the symmetric structure are shown
in Fig. 4.
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Fig. 3. Simulation results: a) output current and voltage waveform
b) harmonic content of output current; of the symmetric 5-level
proposed inverter according to the first method

Fig. 4. Experimental results of the symmetric 5-level proposed
inverter according to the first method
It is clear that these figures are so close to each other
and the existed difference between simulation and
experimental results are because of voltage drop on the
switches.

B. Second Method
The asymmetric form of the first method is discussed in

this subsection. Using this mode, the favorable number
of output levels can be reached by choosing appropriate
magnitude of DC source without making any change in
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the hardware structure of the inverter. Applying
asymmetrical DC sources is more helpful than increasing
the circuit components. Here, a module (m=1) along with
multiple cells are taken into account. n; is cells number
while the magnitude of DC sources are chosen based on
a geometric progression with a factor of two. The
proportional value of DC sources in this mode with n;
cells and /;- as the minimum value of DC current source,
is computed as bellow:

1,21 (7

Where lis the cell number and i=1, 2..., ns.
Equations (1) and (2) are correct for this method, too. The
maximum output current (o,ma), the number of current
levels (/) and the SDP value in this method are as
following, respectively:

Io.max =_nzl|i :(2nl _l)ldc (8)
| :2n1+1_1 (9)
SDP P =6(2™ —1) (10)

The circuit schematic for the 7-level asymmetric
inverter is shown in Fig. 5. Its prototype is composed of
two DC current source along with eight switches. It can
be seen that the prototype has one module (m=1) while
the cell number is equal to two.

Load
Fig. 5. The overall view of 7-level symmetric inverter according to

the second method
Switching states proportional to each output current
value are expressed in Table 2.

Figure 6 illustrates the current and voltage signals
along with the harmonic components for the 7-level test
case in the proposed asymmetric inverter while Idc is
10A.The introduced method is able to generate a staircase
signal with whose peak value is 2.1 A while load
parameters are 47 Q, 0.8 mH and 25 pF.

Figure 6 proves the second method is appropriate to
generate all current steps for a test case 7-level
asymmetric inverter through an asymmetric converter
while output signals of current and voltage for this 7-level
case are shown in Fig.7.

Table 2. Switching states of represented module according to the
second method

Output Current | S, S, H, H, Hs Hq
3lgc 0 0 0 1 0 1
2lgc 1 0 0 1 0 1

lgc 0 1 0 1 0 1
0 1 1 0 1 0 1
-lac 0 1 1 0 1 0
-2lge 1 0 1 0 1 0
-3lge 0 0 1 0 1 0
= Load Voltage
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Fig. 6. Simulation results: a) Output current and voltage
waveform b) harmonic content of output current; of symmetric 7-
level proposed inverter according to the second method
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Fig. 7. Experimental Results: asymmetric 7-level proposed
inverter according to the second method
It can be concluded from the figures that the simulation
and experimental results are well coordinated.

C. Third Method
The number of output levels can be increased by

increment of module and cell number at the same time.
Unlike previous methods, module number is not unit
here. Furthermore, any output current level (m>1 & n>1)
can be reached by modifying value of m & n and this is
why this method is named as the generalized mode.
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Moreover, in this mode DC sources magnitude are
changed to reach more output levels in comparison to the
second method. To reach this goal, the magnitude of DC
current sources are chosen based on geometric
progression with a factor of two. The magnitude of DC
source in a specific module is P-times of the last module.
P is a function of module and cell number. The magnitude
of DC sources proportional to each module can be
computed using Eq. (11):

| ji =2HI Basic; (11)

Where Igasicj is the value of smallest DC current source
in j-th module and lgasic1 is the same as lq.. P can be
determined using the following equation:

o
P =25 3 1,)+1 (12)
x=li=1
So, the value of smallest DC current source in j-th
module can be computed using Eq. (13):

IBasicl = Pj x| Basic; (13)

The number of desired switches for the proposed
converter in this method is computed as bellow:

m

N switch Z(Zni +4) (14)

j=1
While the number of gate drives is by Eq. (2).

The maximum value of output current (lomax), the
number of current levels (l) as well as theSDP in the
defined method, are given in the following equations,
respectively:

Io,max :ZZIji (15)
j=li=1
| =plome g (16)
de
IBasicl (17)

SDPPY = iG(Z"' -1
i= Idc
The circuit schematic for the 21-level inverter is shown
in Fig. 8. Its prototype is composed of three DC current
source along with fourteen switches. It can be seen that
the prototype has two modules (m =2) while the cell
number for both modules is equal to two.

Switching states proportional to each output current
value for the21-level case are expressed in Table 3.
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Fig. 8. The overall view of 21-level inverter according to third
Method

Table 3. Switching states of the represented module according to
the third method
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The current and voltage waveforms along with their
harmonic portion in generalized mode are demonstrated
in Fig. 9. The proposed inverter is able to produce a
staircase whose peak value is 2.5 A while load
parameters are 70€2, 10mH and 25pF.

The abovementioned figures confirm validity and
effectiveness of the proposed inverter during simulation
and experimental test.

Validation results of the suggested generalized
multilevel inverter in generating 21-level current steps
are shown in Fig. 9. Furthermore, Fig. 10 illustrates

output signals of current and voltage for the21-level case.
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Fig. 9. Simulation results: a) Output Current and voltage
waveform b) harmonic content of current of symmetric 21-level
proposed inverter according to the second method
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Fig. 10. Experimental results of generalized multilevel inverter for
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Fig.11. LSPWM scheme for proposed converter

3. Switching Strategy
One of the popular switching methods for multilevel
inverters is Level Shifted Pulse Width Modulation (LS-
PWM). By implementing the switching table and LS-
PWM method, the proposed converter is controlled as

shown in Fig.11. The Sij and S"ij are switched with carrier
frequency and the H-Bridge switches are switched in line
frequency.

4. Comparison Study
As mentioned above, great number of power devices is
the main disadvantage of multilevel inverters. This
drawback makes the hardware more complicated and
necessitates utilizing a more complex control scheme
which leads to an unreliable and more expensive inverter.
As a result, the main goal of the design is to reduce the
number of circuit devices. It is welcomed to suggest a
new structure for the multilevel inverter which has better
performance and a lowernumber of circuit devices. This
section of the paper proposes a comparison between the
vital parameters of the presented multilevel converter and
some other traditional and recently proposed topologies.
A complete comparison is done for all methods.
Furthermore, conventional symmetric H-Bridge inverter
(CHB), conventional asymmetric H-Bridge inverter
(ACHB) and presented topologies of [14] and [21] are
taken into account during comparison process to
highlight merits of the proposed converter. The
comparison conditions are identical for all of the
inverters by using the same number of output levels and
maximum level of output current. As DC current sources
are expensive, it is so economical to use less number of
them. In other words, a large section of inverter total cost
is formed by great number of DC current sources. The
performed comparisons approve that the presented MCSI
has reduced the number of DC current sources in the
generalized mode compared with its other modes as well
as CHB and ACHB and [21] and [14]. The number of DC
current sources of [14] is greater than other topologies.
By the way, the number of needed switches is effective in
the overall cost of the inverter. It means that the proposed
inverter requires lower number of switches to generate
the same level of output. In addition, the number of
switches in the generalized and second modes are close
to each other. It is evident that the CHB, first mode and
[14] have more switches in comparison to other
topologies, respectively. Since the number of required
switches are reduced in the suggested inverter and
necessity of one gate driver for each switch, the
proportional gate drive circuits are reduced, too. So, the
total expenses and installation area are reduced by
reduction of components. However, the power rating of
switches is an important issue due to its effect on the cost
of the inverter. The ratings of power switches are selected
in such a way to be suitable for low/medium power
applications. In addition, the number of applied switches
has more importance than their power rating.
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Considering the merits of the proposed inverter along
with its application and reduction in the number of
switches, a little increment in the total SDP of the system
in comparison to SDP of CHB and ACHB can be
neglected. The SDP of [21] is close to proposed
topologies. The whole value of power loss which is
related to the number of ON-state switches is considered
as another remarkable parameter to perform a
comparison between the presented and conventional
inverters. Conduction losses which are resultant from
equivalent resistance and voltage drop on the switches as
well as switching losses which are related to the non-ideal
operation of them, are two main types of power losses.
Half of the switches for the conventional MCSI and the
proposed converter are ON. Lower number of ON-state
switches in compared with conventional and [14] and
[21] leads to lower value of conduction losses. The
number of power switches versus the output level is
shown in Fig. 12.
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Figure 12 proves that the second method has the lowest
number of switches for all of the output levels.
Furthermore, switches number in generalized mode is
close to the number of second method. In addition, the
proposed inverter in second and third method needs
fewer switches than CHB, ACHB, [14] and [21]

Obviously, cost of DC current sources forms a
significant percent of the inverter cost. As a result, the
number of DC current sources is too important in total
cost of the inverter. The number of DC current sources
versus output levels is shown in Fig. 13.

Figure 13 proves that the proposed inverter has
reduced the number of DC current sources successfully
in generalized and second modes. By taking into account
other methods of the proposed topology, it is deduced
that the number of DC current sources for the first
method and [21] are the same as CHB.

The overall SDP of the above-mentioned topologies
are contrasted in Fig. 14. As the proposed inverter is
suitable to be applied in low/medium voltage, so the
increment of SDP in comparison to the conventional
MCSI can be uncared because of the achievement in
reducing switch number.

5. Converter Power Loss

Generally, power loss of power electronic converters are
made up of two parts:1) Conduction losses: Conduction
losses are resultant of equivalent resistance and voltage
drop of the semiconductor devices when they are on.2)
Switching losses: Switching losses are originated as a
result of the non-ideal characteristic of power switches.
In this section calculation method of above-mentioned
power losses for the presented multilevel inverter is
explained in detail.

A. Conduction losses
The first step in computing conduction losses is to
calculate it for a typical power switch along with a diode.
In the next step, this method should be expanded to the
whole of the system. The conduction losses proportional
to switches and diodes is calculated as bellow,
respectively.

PC‘T(t) =IV:+R-i B(t)]i(t) (18)
PC,D(t) :[VD+RDi(t)]i(t) (19)

Here, Vr and Vp represent the voltage across the
transistor and diode when they are ON, RT and Rp
displays equivalent resistance of them while £ is related
to transistor specifications.

The average conduction power losses of the presented
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inverter is calculated as bellow [23], in which x(¢) and y(¢)
is calculated via Egs. (18) and (19) while demonstrate the
number of transistors and diodes in the current direction,
respectively.

CLH[[(xOVs YOV + ).
PL=] Mx(t)RT i)+ y(t)RDi(t)]'(t)}d“’t (0)

B. Switching losses
The switching losses of the proposed MCSI is calculated
by expanding calculations of an identical power switch.
So, the whole value of switching losses can be
decomposed into two terms: 1) IGBT switching power
loss. 2) Anti-parallel diodes power losses
The following expressions can be given:

I:)sw,T = (Eon,T + Eoff,T)fsw (21)
Psw JAnti -D = (Eon,Ami -D + Eoff JAnti -D )f sw

(22)
Psw JAnti —-D ~ Eon,Anti —Dfsw

Here, Psw, T is switching power losses of the IGBT
while Eon,Tand Eoff,Tdemonstrate energy losses of
IGBT during turning ON and OFF. In addition, fsw
symbolize the switching frequency. The Anti-D is an
indicator related to the anti-parallel diodes. The
switching losses are dependent on the amount switching
frequency and method of modulation. Lately, the overall
switching losses can be computed as following:

i
I:’SW = Z Psw,T, + I:’sw,Antl—D‘ (23)
1

Where i represents the number of power switches.
The whole losses of the proposed multilevel converter
can be computed using Egs. (20) and (21) as following:

P

loss

= Psw + PC (24)

It worth to mention that the proposed inverter structure
requires no diodes. As a result, the losses relevant to
diodes are omitted in this topology. Fig. 15 depicts the
power losses of proposed inverter versus the
conventional converters while SPWM is utilized to study
power losses. Moreover, BUP314 IGBTSs [24] are applied
in the simulation of converters.

It is clear from Fig. 15 that compared with after-
mentioned inverters; the proposed structure in second
mode has reduced power losses significantly due to a
diminution in the number of power switches and the on-
state ones.

02 f =e—CHB
| ——ACHB

0.15 —[21]
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Fig. 15. Comparison of the power losses between the proposed and
conventional structures

6. Conclusion

This paper proposes a new multilevel current source
inverter which can be applied in low/medium power. In
comparison to the conventional and recently proposed
inverters, the proposed structure is capable of generating
different output current levels by owning fewer circuit
components such as DC current source, switches as well
as related gate driver circuits. Lower number of circuit
components leads to significant reduction of total cost
and simplification of the control scheme. The other
advantage of the proposed inverter is reduction of power
loss which is resultant of adecrease in the number of
switches. Furthermore, the ability to be used as an
asymmetric inverter is the main advantage of this
topology. In this mode, output levels can increase by
suitable definition of DC sources level while there is no
need to change the hardware of the inverter. As a result,
various methods have been proposed to determine the
magnitude of DC current sources. Multiple comparisons
have been provided to prove the effectiveness of the
proposed methods in selection of DC current sources
magnitude. To validate simulation results, a low power
prototype is proposed which tracks simulation results
well and approves validity of the proposed MCSI
structure. For first method five level prototype with two
identical sources is constructed. For validating second
method, a 7-level topology with two asymmetrical
sources is implemented and for last method, 21-level
converter with two module and three asymmetrical
sources is constructed which results is verified the
operation of converters.
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