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A Novel Extended Topology for Cascade Multilevel Voltage Source
Converter for High-Power Applications
with Interesting Advantages

Rasoul Shalchi Alishah*, Daryoosh Nazarpour*, Seyed Hossein Hosseini**
and Mehran Sabahi**

Abstract — In this paper, a novel topology for cascade multilevel converter is introduced,
which has many levels with fewer number of power electronic components. Less number of
the switches leads to the reduction of size, losses, simple control strategy and high efficiency.
For proposed multilevel converter, a new algorithm for determination of dc voltage source
values has been recommended. The performance and operation of the proposed multilevel
converter has been evaluated with the simulation results of a cascade 25-level converter.
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1.Introduction

Multilevel converter has been widely introduced for
high-power applications in recent years [1]. A multilevel
converter is a power electronic device built to synthesize a
desired ac output voltage from several levels of dc voltage
sources [2]. Many multilevel converter applications focus
on industrial medium-voltage motor drives [3], utility
interface for renewable energy systems [4], flexible AC
transmission system (FACTS) and traction drive systems
[5], [6]. Many types of structures of multilevel converters
have been introduced. Multilevel converters can be
classified into three kind’s structures:

* Diode clamped [7].

* Flying capacitor [8].

*Cascade converter with separated dc sources [9].

Conventional H-bridge cascade converter is one of the
most important structures in the family of multilevel
converters, because this structure needs the least number of
power electronic components when compared to flying
capacitor and diode clamped converter [10]. A cascaded
multilevel converter has a number of H-bridge converter
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cells with separate dc sources for each cell and it is
connected in series. In symmetrical cascaded multilevel
converter, the values of DC sources of similar cells are the
same. For the same number of components, asymmetrical
cascade multilevel structures significantly increase the
number of output voltage levels. In these topologies, DC
voltage sources of different cells are non-equal [11].
However, this structure needs to a large number of
unidirectional switches and dc sources. The most important
Part in multilevel converters is switches which increase the
cost and control complexity and tend to reduce the overall
reliability and efficiency.

Recently, several multilevel converter structures have
been improved to reduce the number of switches in [12-15].
But, this multilevel converter needs a large number of
power electronic components for producing all levels at the
output.

In this Paper, a new topology for cascade multilevel
converter has been investigated to increase the number of
output voltage levels with minimum number of power
electronic components.

1. Proposed Cascade Topology

Fig. 1 shows the proposed topology for a sub-multilevel
converter which consists of the basic unit and a full bridge
converter. The basic unit consists of n bidirectional
switches and (n+1) capacitors. There are several structures
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for bidirectional switches. In this paper, the proper structure
of bidirectional switches (S1, S2,..., Sn) which is shown in
Fig. 1, arranged by a common emitter combination of two
switches which each switch has one IGBT and an anti-
parallel diode. This arrangement needs only one gate driver
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Fig. 1. Proposed sub-multilevel converter.

circuit. The full-bridge converter has four unidirectional
switches.

Table 1 gives the values of voltages Vo for different
states of the switches Sy, S,,..., S, Ty ... and T4 in proposed
sub-multilevel converter. It is noticeable that there are
several switching states for generating the zero voltage
level and in the table 1; only one of them is introduced.

Table 1. Values of V for Different States of the Switches.

state Switches states Output
Sy | S| e St Sn| T2 | T2 | T5| T,| Voltage
1 (0|0 0(0(12|1/0]0 0
2 1010 ..o 0{1{0|0|0]1 V
3 (1[0 oo 0(0[0|1(0|0]| -v
4 olol ..... 1/0(0|0(0|1 2V
5 [ol1] . 0(0|0|12]|0|0| -2V
(2n+2) 0| Q[ --eee- olo (n+1)V
(2n+3) 0] 0 | - 0j0jo0|1]|1 -(n+1)V

In the proposed sub-multilevel converter, the values of
capacitor voltages are equal. Therefore, this converter is
called symmetrical sub-multilevel converter. In this
structure, the number of levels can be calculated as follows:

Nlevel =2n+3 1)

In addition, the total numbers of IGBTs( ) and

NiGBTs
gate drivers(N AL L given by (2) and (3), respectively:

driver

N|gpTs =2n+4 2

Nariver =N +4 ©)

Where n represents the number of bidirectional switches
in the basic unit. In the recommended sub-multilevel

converter, the maximum output voltage (Momax) s

Vornay =(N+1)xV (4)

To generate a large number of output voltage levels with
minimum number of IGBTSs, cascade multilevel converters
can be utilized. Fig. 2 shows the new proposed
configuration for cascade multilevel converter. The overall
output voltage of the proposed cascaded multilevel
converter is the sum of output voltages of the sub-
multilevel converters as follows:

Vo =Vg1 +Vo2 + -+ Vok 5)
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Fig. 2. Proposed topology for cascaded multilevel converter.

The magnitude of dc sources must be selected based on
the following algorithm:
Stage 1:
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vy =V (6)

In this stage, the maximum value of output voltage

(Vol,max) is obtained as follows:

Vol,max = (n1 +DxV @)
Stage 2:
Vo =V +(2xVoy ) =[(2n1+3)}xv (8)

Therefore, the maximum magnitude of output voltage
for this stage can be obtained by (9):

V02,max = (n2 +1) ><V2 9)
Stage 3:
V2 =V +(2 xVOllmaX) +(2 XVOZ,maX)
(10)
:[(2n1+3)x(2n2 +3)}<V

For the kth stage:

Vi =| @0y +3)x (20, +3)x..x (20 g +3) |xV "
k
:i 1(Zni +3)

iR

Hence, considering equations (6-11), the total numbers of
levels can be obtained by using equation (12):

Vk:(2nl+3)x(2n2+3)x..,x(2nk+3) (12)

= i];]l(Zni + 3)

In this algorithm, the values of dc sources in different
stages are non-equal. Consequently, this structure is called
asymmetric cascade converter. In the recommended
structure, the number of IGBTSs is given by (13):

NIGBT :2(nl+n2+...+nk)+4k (13)

In addition, the peak value of output voltage is calculated
using the following equation:

VOmax = _%l(ni +DxV; (14)
=

3. Design of Multilevel Converter Based on the Prop
osed Topology

In this section, the problem is to design a typical 800-V
multilevel converter with a minimum of 340 output voltage
levels based on the suggested topology and those presented
in [12-15]. It is evident that more output voltage levels with
minimum number of component will provide a better
design. Fig. 3 shows a sample of the proposed topology. In
this design, the magnitudes of dc sources are determined by
the suggested method. As shown in this figure, the number
of IGBTSs, capacitors and gate driver circuits are 24, 8 and
20, respectively. In this figure, the number of output
voltage levels is 625.

The topology of optimal multilevel converter with
minimum used IGBTSs based on the suggested topology of
[12-13] is presented in Fig. 4(a). The number of IGBTSs,
capacitors, gate driver circuits are 36, 6 and 18, respectively,
and the number of levels is 343.

The optimal multilevel structure with minimum used
IGBTS based on the recommended in [14] is shown in Fig.
4(b). The number of IGBTS, capacitors and gate driver
circuits are 34, 10 and 19 respectively. Also, the number of
output voltage levels is 485.
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Fig. 3. A sample for proposed cascade structure.
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Fig. 4. Optimal multilevel structure considering the minimum used Switches presented topologies in. (a) (b) (c) [12-15]

The optimal structure with minimum number of IGBTSs
based on recommended topology in [15] is shown in Fig.
4(c). This topology needs 32 IGBTSs, 24 gate driver circuits
and 8 capacitors. In this converter, the number of voltage
levels is 625.

The comparison of power electronic components in the
proposed topology and other topologies shows that the
presented topology requires minimum number of power
electronic components.

4, Simulation results

To study the operation of the proposed multilevel
converter in the generation of different voltage waveforms,
a single-phase 25-level cascade multilevel converter is
implemented based on the proposed topology shown in Fig.
5. The cascade 25-level converter needs 4 dc voltage
sources which have values V1= 25V and V2= 125V. So
that, maximum 300V output voltage is obtainable. A test
has been made on the R-L load (R = 250Q and L = 80mH).
In order to validate the proposed multilevel converter,
computer simulation using MATLAB Software has been
used. This topology studied to examine the characteristics

of the output voltage and current. The total harmonic
distortion (THD) evaluates the quantity of harmonic
contents in the output waveform and is a popular
performance index for power converters. Several
modulation techniques and control strategies have been
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Fig. 5. 25-level cascade converter.
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developed for multilevel converters such as fundamental
frequency-switching, sinusoidal PWM, space vector PWM
(SV-PWM), selective harmonic elimination (SHE-PWM),
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and others [17]-[22]. In this paper, the fundamental
frequency-switching method has been utilized. The
advantage of the fundamental frequency-switching
technique is its low switching frequency compared to other
control strategies [23]. It is important to note that the
calculation of the optimal switching angles for different
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Fig. 6. Simulation results (a) Vo 1; () Vo, 2; (c) Output volta
ge and harmonic spectrum (THD=3.39%) (d) Outpu
t current and harmonic spectrum (THD= 1.12%).

Table. 2. Switches States for 25- level Cascade Topology

Switches states Output
State voltage
S| So| Ta| To| Ta| Ta| Ts[Te|T7| Td (v)

1 ojoj1fojoj1j1jofo|1] 300
2 1]o0fojofOfl1]|1fofo|1]| 275
3 Olo|1|1]0]j0o]1|0f0O]1] 250

12 [1]ofoJo]ofa]afs]of0]| 25
13 |ofofzfzfofofr]|2|ofo| o
14 |1|0fof2fOf0Of2]1]o|0| -25

23 (ojo)1]1]0|O]JOof1[1]0O]| -250
24 |1]0)j0|1|O0fOjOf1|1|Of -275
25 (0joJoj1]1]|Oo]Of1[21]0O]| -300

objective such as the elimination of selected harmonics and
minimizing the total harmonic distortion (THD) is not the
objective of this paper. Table 2 shows the magnitude of Vo
for different states of switches in proposed 25-level cascade
converter. It is important that there are different switching
patterns for generating the zero level, and in table 2, only
one of them is shown.

Fig. 6 shows simulation and measurement results. For
this case, THDs of the output voltage and current based on
simulations are 3.39% and 1.12%, respectively. To generate
a desired output with high power quality, the number of
voltage levels should be increased or other switching
technique should be applied to the converter.

5. Conclusion

This paper proposes a new topology for cascade multilev
el converter with fewer numbers of components. An algorit
hm for determination of dc sources values for proposed cas
cade topology has been suggested. This method generates a
large voltage levels without increasing number of power ele
ctronic components. Less number of the switches leads to t
he reduction of size, simple control strategy, and high effici
ency. Comparison among the proposed converter with other

similar topologies has been provided. It is shown that the p
roposed topologies, has many levels with fewer component
s. The performance of the proposed topology has been verifi
ed on a single-phase 25-
level cascade multilevel converter prototype.
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