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Abstract- Multilevel Inverters are very important in the
field of medium and high wvoltage applications. This
paper presents the Stacked Multicell Converter which is
derived topology of the conventional Flying Capacitor
Multilevel Inverter topology. The Lewel Shifted
Multicarrier Sinusoidal Pulse Width Modulation
technique is usedfor the generation of firing signals for
Stacked Multicell Conwerter (SMC). The Stacked
Multicell Conwerter topology of Multilevel Inverter
causes increase in the number of output voltage levels
with less THD, natural self balancing of flying
capacitors woltage, increase redundancy to obtained
desiredvoltage lewel, reduction in the voltage ratings of
capacitors and semiconductor losses. The proposed
topology is simulated using MATLAB Software
package and simulation resultsare presentedto validate
the effectiveness and advantages of the proposed
Stacked Multicell Converter (SMC) topology.

Index Terms- Multilevel Inverter topologies, Stacked
Multicell Converter (SMC), Multicarrier Sinusoidal
Pulse Width Modulation (SPWM).

I. INTRODUCTION

The Multilevel Voltage Source converter topologies
are best suited for the medium and high voltage
applications in the industries. The term multilevel
inverter starts from the three levels [3]. The main
purpose of using a Multilevel Inverter is to synthesiz
nearly sinusoidal voltage. Multilevel inverters have
the capability to handle the voltage in the range of
KV and Megawatts with medium voltage
semiconductors [2]. Multilevel inverter includes an
array of power semiconductors and capacitor voltage
sources, the output of which generate voltages with
stepped waveforms. The commutation of the switches
permits the addition of the capacitor voltages, which
reach the high voltage at the output, while the power
semiconductors must withstands only reduced
voltages [4].
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This paper presents the SMC topology of multilevel
inverter which is derived from conventional FCMLI
topology. The multicarrier sinusoidal pulse width
modulation technique for SMC is given. The three
conventional topologies and Stacked Multicell
Converter topology performances is compared on the
basis of output voltage THD and their fundamental
output voltages.

Il. MULTILEVEL INVERTER TOPOLOGIES

Basically there are three conventional topologies of

Multilevel Inverter as follows;

a) Diode clamped or Neutral point clamped
Multilevel (NPC) Inverter.

b) Capacitor clamped or Flying capacitor Multilevel
(FCM) Inverter.

c) Cascaded converter (CC).

A. Neutral Point Clamped (NPC) Multilevel Inverter

An m-level diode clamped converter typically

consists of m-1 capacitors on the dc bus and produces

m levels of the phase voltage. Fig. 1 shows the three

level diode clamped multilevel inverter in which the

dc bus consist of two capacitors, C1, C2. For a dc bus

voltage Vdc, the voltage across each capacitor is

Vdc/2, and each device voltage stress will be limited

to one capacitor voltage level, Vdc/2, through

clamping diodes.
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Fig.1 Three-level-Diode Clamped Multilevel Inverter
Advantages of diode clamped Multilevel Inverter is
as follows.

e When the numbers of output voltage level is
high, harmonic distortion will be less.

e Efficiency is high because all semiconductor
devices are operated at the fundamental
frequency.

e Reactive power flow can be controlled.

e The control strategy is simple for a back-to-back
intertie system.

e Disadvantages:

e Number of clamping diodes is more when the
number of output voltage levels is high.

e Complications in real power flow control for the
individual converter.

B. Flying Capacitor Multilevel Inverter (FCM)

Fig.2 illustrates the fundamental building block of

single phase full-bridge flying capacitor based three

level inverter. Each phase-leg has an identical
structure. The voltage level defined in the flying-
capacitor converter is similar to that of neutral-point
clamped inverter. The phase voltage of an m-level
converter has m levels including the reference level,
and the line voltage has (2m-1) levels. Assuming that
each capacitor has the same voltage rating as the

switching device, the dc bus needs (m-1)

capacitors for an m-level converter.
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Fig. 2 Three-level-Capacitor Clamped Multilevel

Inverter

Advantages of Flying Capacitor Multilevel Inverter

are as follows.

e Capacitor voltages provides extra ride through
capabilities during power failure.

e Redundancy (Switching combination) for
balancing different voltage levels.
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e When the number of levels is high, harmonic
content will be low to avoid the need for filters.

e Both real and reactive power flow can be
controlled.

Disadvantages:

e Large number of storage capacitors is required
when the number of converter levels is high.

e The inverter control will be very complicated,
and the switching frequency and switching losses
will be high for real power transmission.

C. Cascaded converters

The cascaded converter can avoid extra clamping
diodes or voltage balancing capacitors. Fig.3 shows
five level cascaded H-bridge converters with separate
dc source. The ac terminal voltage of different level
inverters is connected in series. Each H-bridge
inverter generates three level outputs, +\Vdc, 0, and —
Vdc. This is made possible by connecting the dc
sources sequentially to the ac side via the four gate-
turn-off devices. Minimum harmonic distortion can
be obtained by controlling the conducting angles at
different inverter levels.
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Fig. 3 Five-level- Cascaded Full H-Bridge Converter

Advantages of Cascaded Converters are as follows;

e Least numbers of components required, compare
to all multilevel topologies to achieve the same
number of voltage levels.

e Modularized circuit layout and packaging is
possible because each level has the same
structure, and there are no extra clamping diodes
or voltage balancing capacitors.

e Soft switching can be used in this topology.
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Disadvantages:

e Separate dc sources are required for real power
conversions, and thus limitations in application
of this topology.

I1l. STACKED MULTICELL CONVERTER (SMC)

A SMC is an inverter (DC-AC Converter) for high
voltage applications. The topology of this inverter is
made up of by mxn array of cells, see Fig.4. this
configuration allows to share the total voltage and
current stresses among the switches. Then it is
possible to use conventional semiconductors to
handle high output power. The application area for
SMC can be found in applications such as UPS,
Switching Power Supplies, DSTATCOM, etc.
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Fig.4 2x3- cell- 7 level Stacked Multicell Converter
Stacked Multi-cell Converter is proposed to increase
the no. of output voltage levels and as a result,
reduced the output voltage THD with reduced ratings
and losses of flying capacitors and semiconductors
[1][6].

A 2x3-Cell-7-level single phase stacked multicell
converter is shown in figure above where, m = no. of
stacks (rows) and n = no. of columns (stage). SMC is
based on associations of basic switching cells
connected in series. Each one of these switching cells
is built with two switches. The basic switching cells
have complementary states. It means, that only one
switch is conducting at a given time. The association
of these switching cells allows the voltage to be
distributed among the switches, giving better output
waveforms in terms of the number of levels used. To
ensure its functionality, a SMC used capacitors like
intermediate voltage sources. This is due to the fact
that switching cells only work if they are being
powered by flying voltage sources without average
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power. The SMC of above figure uses mxn=6
switching cells and (n-1) x m = 4 flying capacitors.
The voltage across each capacitor is equal to;
V=ixE/mxn
Where, E is the total input voltage of the converter.
The No. of configuration states in a SMC is equal to:
Neonfig = (N+1) m
For 2x3 SMC, sixteen states can be obtained; this
means that each states generates different voltage
levels at the output. However, even sixteen states are
possible; some of them have the same output voltage.
These states can or not be used depending on the
control strategy.
For mxn SMC the maximum number of output
voltage level is given by:
Nievel = (Mxn)+1
For SMC structure the complexity of control is based
on a PWM strategy.
The blocking voltage for each switching device is:
Vswiteh =E/mxn

IV. MULTICARRIER SINUSOIDAL PULSE
WIDTH MODULATION (LEVEL SHIFTED
SPWM)

The multicarrier sinusoidal pulse width modulation
technique has three very simple dispositions that
seem the most interesting:

1) All the carriers are alternatively in opposition
(APODPWM) as shown in Fig. 5, with this
method the most significant harmonics are
centred as side bands around the carriers.

Fig. 5 Alternate Phase Opposition Disposition PWM
2)All the carriers above zero value reference are in
phase among them but in opposition with those
below (PODPWM) as shown in Fig. 6, the significant
harmonics are located around the carrier frequency,
for both phase and line-to-line voltage waveform.
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Fig. 6 Phase Opposition Disposition PWM
3) All the carriers are in phase (PDPWM), for this
technique, significant  hormonic  energy is
concentrated at the carrier frequency, but since it is
the co-phasel component, it does not appear in the
line-to-line voltage, PDPWM is as shown in Fig. 7,
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Fig. 7 Phase Disposition PWM
V.SIMULATION RESULTS

In this section, in order to verify the good
performance of proposed topology configuration, a
computer simulation is provided. The topologies are
simulated using MATLAB software. The parameters
used in simulation are given in table 1. The
simulation results are presented for conventional
topologies of Multilevel Inverters and proposed
Stacked Multicell Converter (SMC). Table 2 shows
the performance comparison of different topologies
of Multilevel inverter on the basis of fundamental
output voltage and THD.

Topology Fundamental RMS Output
Phase Voltage in Volts | THD
(Three Level)
Neutral-Point 53.19
Clamped 84.82
Flying 58.54
Capacitor 73.49
Cascaded 68.2 57.38
Stacked

TABLE | PARAMETERS USED FOR
SIMULATION
Parameters values
DC voltage 100 V
Fundamental switching frequency | 50H,
Resistive- Inductive load 1Q, ImH
Switching frequency of converter | 2kH,
(fswitchinq)
TABLE Il SUMMARY OF SIMULATION

RESULTS FOR DIFFERENT MULTILEVEL
INVERTER TOPOLOGIES
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Multicell 69.99 18.81
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Fig. 8 Output Phase Voltage of Three-level-Neutral-
Point Clamped Multilevel Inverter

Fig. 9 Output Phase Voltage of Three-level-Capacitor
Clamped Multilevel Inverter
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Fig. 10 Output Phase Voltage of Three-level
Cascaded Multilevel Inverter
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Fig. 11 Output Phase Voltage of 2x3- 7- level
Stacked Multicell Inverter
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VI.CONCLUSION

The performance of the conventional Multilevel
Inverter topologies like Neutral-Point clamped
Multilevel Inverter, Flying Capacitor Multilevel
Inverter, Cascaded Multilevel Inverter have been
checked with carrier based sinusoidal pulse width
modulation. The extended version of flying capacitor
Multilevel Inverter the Stacked Multicell Converter
have also been examined to the carrier based
sinusoidal pulse width modulation. The quality of the
spectrum performance of the output waveform is
checked by THD and utilization of the input DC
voltage is checked by fundamental values of the
output AC voltage. In level shifted modulation
techniques that is PD, POD, and APOD the THD for
out of three, the THD is found to be least with
PDPWM. The fundamental value of phase voltage is
found maximum in Stacked Multicell Converter
Configuration.
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