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ABSTRACT

This paperproposes to compare the performances of seven level inverter and nine level inverter. Multicarrier carrier
PWM techniques such as phase disposition (PD), phase oppose disposition (POD), alternate phase oppose disposition
(APOD) techniques are used. Simulation results are implemented in Matlab/Simulink environment to show the
total harmonic distortion (THD) and third harmonic level of seven-level and nine-level inverter.
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1. INTRODUCTION

As the fossil fuels are becoming expensive, solar energy is gaining more attention in the grid side. Small
capacity grid connected systems employing solar energy is used in residential applications [1]-[2]. The
power conversion is more important in the grid system where dc power from the solar cell is converted to
ac power before feeding this power to grid. The power coming out from solar is very much less which gets
boosted dc-dc converter before feeding it to inverter stage. [2]- [4].

The power conversion efficiency is more important to insure that there is no wastage of energy generated
by solar cell array. [5].The multilevel inverter integrates renewable energy resources with the grid. The
purpose of integrating renewable energy to the grid is to provide active power by means of power electronic
devices. The voltage change in multilevel inverter is used to improve the power conversion efficiency of
inverter and also reduces the switching stress on the inverter [6]-[7].

An inverter and chopper circuit is implemented. This circuit uses carrier based pulse width modulation
technique to generate capacitor voltages [8]. The back-to-back m-level diode clamped converter is modeled
to balance the dc bus capacitors based on average power flow [9]. Multilevel converters use fast predictive
digital control method to compute the optimal vector using three phase multilevel dynamic model equations
[10].

A flying capacitor multicell converter is presented. It uses modified phase shifted pulse width modulation
to maintain the self-balancing property of the flying capacitor converter [11]. A single leg five level flying
capacitor converter implements modified phase shifted pulse width modulation to achieve faster voltage
balancing in flying capacitor converter [12]. A flying capacitor converter uses space vector pulse width
modulation to reduce the switching state of the flying capacitor converter and to carry out voltage balancing
in the converter [13].
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The active power control of individual multilevel converter cells is implemented in battery energy
storage systems to charge and discharge battery at different power levels to obtain three phase balanced
line to line voltage [14]. A new voltage balancing controller is proposed. A control algorithm is
implemented in cascaded multilevel converters to balance the capacitor voltages and to eliminate the
coupling effect between voltage balancing controller and controller without additional voltage balance
controllers [15].

Multilevel inverters include diode clamped, flying capacitor, and cascaded H-bridge inverter types.
Diode clamped and flying capacitor inverters can develop seven level voltages and nine level voltages.
These two inverters are limited due to difficulty in regulation of their voltages and power circuits in both
inverters are complicated. Asymmetric configuration of cascaded H-bridge multilevel inverter is used to
generate higher level voltages, so cascaded H-bridge inverter is very popular in increasing voltage levels
[16] - [17].

A single phase seven level grid connected inverter is used in photovoltaic systems. Three dc capacitors
are used to generate three voltage levels resulting in voltage unbalancing [18]. A seven level inverter
topology is introduced. The power electronic switches of level generation part are switched at high frequency
[19]. A modular multilevel inverter is proposed. This inverter is similar to cascaded H-bridge type applied
to the photovoltaic grid connected generator [20].

A multilevel dc-link inverter is presented. This inverter consists of several individual dc-blocks, with
each dc-block comprised of solar cell, power electronic switch and a diode [21]. A novel transformer less
grid connected photovoltaic system is implemented to reduce leakage current by connecting the negative
terminal of the solar cell array directly to the ground [22]-[23]. Perturb and observe technique is introduced
to track maximum power from the solar PV array depending on panel temperature and irradiance conditions
[24]. The solar energy power processing system is operated with high efficiency and particularly high
reliability to transfer electric power from PV panel to the grid [25]. The current controllers for single phase
PV grid inverters are proposed. The nonlinear inductance is designed to track periodic signals or to
compensate disturbances [26]-[27]. Different maximum power point tracking techniques is studied for
photovoltaic systems [28]. A control strategy is introduced based on new discontinuous PWM method to
balance the dc link voltage of neutral point clamped inverter [29].

A new simplified space vector PWM technique is implemented in three level inverters. It simplifies the
space vector diagram of three-level inverter and has the same dc link voltage utilization [30]-[31]. A predictive
control of a three phase neutral point inverter is proposed based on discrete time model system to predict
future values of voltage and current of capacitors in the dc link [32]. The generalized multilevel inverter
topology balances the voltage level by itself without depending on load characteristics [33].

An effective voltage balancing in diode clamped converters is used for power factor correction [34]. A
new operational mode is studied in diode clamped inverter to avoid the voltage imbalance problem in dc
link capacitors [35]. A new control strategy for cascaded multilevel converter is proposed along with new
individual voltage balancing technique to solve the problems of dc voltage balance [36].

This paperproposes to compare the performances of seven level and nine level inverter integrated with
dc-dc power converter. Here multicarrier carrier PWM techniques such as phase disposition (PD), phase
oppose disposition (POD), alternate phase disposition (APOD) techniques are used to compare the
performances of both inverters.

2. SEVEN LEVEL INVERTER FEDDC-DC CONVERTER

The block diagram of seven level inverter fed dc-dc converter, is shown in Figure 1. It comprises of a dc
source, dc-dc converter, capacitor selection network, seven level inverter and load.
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The boost converter is a dc-dc converter used for boosting up the voltage from dc source. The boost
converter is separated from fly back converter by means of isolation transformer. The seven-level inverter
comprises of capacitor selection circuit and full bridge inverter circuit.

The boost converter is composed of an inductor L
D
, a power electronic switch S

d1
, and a diode, D

d3

which charges capacitor C2 of seven level inverter. The flyback converter is composed of an inductor L
D
,

power electronic switches S
D1

and S
D2

, a transformer, and diodes D
d1

 and D
d2

. The flyback converter charges
capacitor C1 of the seven-level inverter.The circuit diagram for seven level inverter fed dc-dc power converter
is shown in the Figure 2.

3. MODES OF OPERATION

Mode 1

In this mode switches S
S1

 and S
S2

 of the capacitor selection circuit are OFF. C1 is discharged through
D1.The switches S1 and S4 conductand the output voltage of the inverter is V

DC
.

Figure 1: Block diagram of seven level inverter fed dc-dc converter.

Figure 2: Configuration of seven level inverter fed dc-dc power converter.
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Figure 3: Mode 1 operation of seven level inverter.
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Mode 2

In this mode switch S
S2 

is ON. C2 is discharged through S
S2

 and D2. The switches S1 and S4 conduct and
the output voltage of the inverter is 2V

DC
.

Mode 3

During this mode, switches S
S1 

and S
s2 

are ON. Both C1 and C2 are discharged. The switches S1 and S4
conduct and output voltage of the inverter is 3V

DC.

During negative half cycle switches S2 and S3 will conduct and produces –V
DC

. The switches S
S1 

and
S

S2 
of the capacitor selection circuit are operated at high frequency and because of these switches, voltages

-2V
DC 

and -3V
DC 

are produced

4. NINE LEVEL INVERTER FEDDC-DC CONVERTER

The block diagram of nine level inverter fed dc-dc converter, is shown in the Figure 6. It comprises of dc-
dc boost converter, nine level inverter and load.

Figure 5: Mode 3 operation of seven level inverter.

Figure 4: Mode 2 operation of seven level inverter.
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The boost converter boosts up the voltage from dc source and feeds it to nine-level inverter where the
nine-level inverter generates nine level voltages.

The circuit diagram of nine level inverter fed boost converter, is shown in the Figure 7.As seen in the
figure boost converter is integrated with nine-level inverter.Boost converter consists of a switch, inductance
and a diode.Asymmetrical configuration is used for nine level inverter to achieve 9 level output.

The nine-level inverter has one sourceand one flying capacitor.In the nine-level inverter during positive
half cycle the switches S1, S4, S5, S8 will be conducting and during negative half cycle the switches S2,
S3, S6, S7 will be conducting.

Figure 6: Block diagram of nine level inverter fed dc-dc converter

Nine Level
InverterDc source Load

Boost
converter

Figure 7: Configuration of nine level inverter fed dc-dc boost converter.

5. MODES OF OPERATION

Mode 1

The switches S2, S4, S5 and S8 conduct to give 1V
dc

. The lower half produces 1V
dc

 with the help of Vs2,
while upper half acts as closed path. The voltage source Vs1 is not utilized during mode 1.

Mode 2:

During mode 2, switches S1, S4, S6 and S7 conduct and voltage across V
S1 

is 3V
DC

 and voltage across V
S2

is 1V
DC.

 The difference between these two voltages is 2V
DC

.

Mode 3:

During mode 3, switches S1, S4, S5 and S7 conduct. V
s2

 is not utilized so the voltage from V
s1 

is 3V
DC

which appears across load.

Mode 4:

During mode 4, switches S1, S4, S5 and S8 conduct. Both Vs1 and Vs2 sources are utilized to obtain 4V
DC

.
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Figure 8: Mode 1 operation of nine level inverter.

Figure 9: Mode 2 operation of nine level inverter.

Figure 10: Mode 3 operation of nine level inverter.



Performance comparison of Seven Level Inverter and Nine Level Inverter with minimum devices 7529

6. PULSE WIDTH MODULATION TECHNIQUES

6.1. Phase Disposition (PD) Technique

The phase disposition technique as one of the carrier based PWM methods is based on the comparsion of
sinusoidal reference waveform with carrier signals in phase with each other.

6.2. Phase Opposition Disposition (POD) Technique

In the POD-PWM method the carrier signals above the zero axes are in phase. The carrier signals below
zero are also in phase, but 180o phase shifted to the above carrier signals.

6.3. Alternate Phase Oppose Disposition Technique (APOD)

In case of alternate phase opposition disposition (APOD) modulation, every carrier waveform is out of
phase with its neighbouring carrier waveform by 180o

7. SIMULATION RESULTS

The simulation circuit of seven-level inverter fed dc-dc converter is shown in the Figure 12.

In this circuit the multicarrier PWM techniques such as PD, POD, and APOD are implemented.

The carrier and reference signals for phase disposition technique, is shown in the Figure 13. It is seen
that all carrier waves are in phase with each other and is compared with reference sinusoidal signal.

The carrier and reference waveforms for phase dispositon technique is shown in the Figure 14. It is seen
that carrier waves above the reference axis are in phase with each other. These waves are phase shifted by
180o to the carrier waves below the reference axis.

The carrier and reference waves generation for alternate phase oppose disposition is shown in the
Figure 15. It is seen that each carrier wave is out of phase with neighbouring carrier wave.

The output voltage of dc-dc boost converter is shown in the Figure 16. Here output voltage obtained for
boost converter is 100V and it is used for charging capacitor C2 of seven-level inverter.

The output voltage of flyback converter is shown in Figure 17. Here output voltage obtained is 50V and
it is used for charging capacitor C1 of seven-level inverter.

Figure 11: Mode 4 operation of nine level inverter.
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Figure 12: Simulation circuit of seven level inverter fed dc-dc converter

Figure 13: Carrier and reference wave for phase disposition.

Figure 14: Carrier and reference waves for phase oppose disposition.
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Figure 15: Carrier and reference waves for alternate phase oppose disposition.

Figure 16: Output voltage of boost converter

Figure 17: Output voltage of flyback converter
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The output voltage for seven-level inverter is shown in the Figure 18. Here switches S1 and S4 of the
full bridge inverter conduct to produce 1V

DC.
 The switches S

S1 
and S

S2
 of the capacitor selection circuit are

operated at high frequency and because of these switches 2V
DC 

and 3V
DC 

are obtained.

The simulation circuit for nine-level inverter fed boost converter is shown in Figure 19.

Figure 18: Output voltage waveform of seven level inverter

Table 1
THD’s and 3rd harmonic levels for seven-level inverter

Techniques THD 3rd harmonic

Phase disposition(PD) 24.04 14.54

Phase oppose disposition(POD) 24.26 14.53

Alternate Phase Oppose disposition(POD) 23.02 13.96

Figure19: Simulation circuit for nine level inverter fed boost converter
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As seen in the Figure boost converter is integrated with nine- level inverter. Here multicarrier PWM
techniques such as Phase disposition (PD), Phase Oppose disposition (POD), Alternate Phase Oppose
Disposition (APOD) is used to generate pulses for inverter.

The carrier and reference waveform for phase disposition technique is shown in the Figure 20. It is seen
that all carrier waves are in phase with each other and is compared with reference sinusoidal signal.

The carrier and reference waveform for phase oppose disposition is shown in the Figure 21. Carrier
waves above the reference axis are in phase with each other. These waves are phase shifted by 180o to the
carrier waves below the reference axis.

The carrier and reference waveform for alternate phase oppose disposition is shown in the Figure 22.
Each carrier wave is out of phase with neighbouring carrier wave.

Figure 21: Carrier and reference wave for phase oppose disposition

Figure 20: Carrier and reference wave for phase disposition.

Figure 22: Carrier and reference wave for alternate phase oppose disposition



7534 K. Mohan Raj, C. Ashwin Parthasarathy, Subhransu Sekhar Dash, M. Arun Noyal Doss

Figure 23: Output voltage of boost converter

The output voltage waveform for boost converter is shown in the Figure 23. Here output voltage obtained
is 150V.

When the switches S2, S4, S5, and S8 are conducting then the voltage generated is V
DC

.When the
switches S1, S4, S6, and S7 are conducting then the voltage generated is 2V

DC
.

When the switches S1, S4, S5, and S7 are conducting the voltage generated is 3V
DC

.The output voltage
waveform for nine-level inverter is shown in the figure 24. During positive half cycle when the switches
S1, S4, S5, and S8 are conducting the generated voltage is 4V

DC
. When no switches are conducting then the

voltage generated is zero. During negative half cycle the generated voltages are -4V
DC

, -3V
DC

, -2V
DC

, -V
DC

.

Figure 24: Output voltage of nine level inverter
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8. CONCLUSION

Thus the simulation of Seven Level Inverter and Nine Level Inverter fed with DC-DC Power Converter is
done. Here multicarrier PWM techniques namely Phase Disposition (PD), Phase Oppose Disposition
(POD),Alternate Phase Oppose Disposition (APOD) is implemented and comparison between these inverters
such as THD,3rd harmonic level is shown. Simulation results shows that the nine level inverter shows better
performances in terms of THD’s and 3rd harmonic level compared to seven levelinverter.
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