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Abstract
This paper mainly focuses on to design a nine- level inverter for power generation using solar system to produce a nearly
sine wave with reduced total harmonic distortion. The input from PV array is boosted using a dc-dc boost converter and fed
into the nine-level inverter as three independent voltage sources. The capacitor selection circuit converts the three output
voltage sources into a four-level dc voltage and it is further converted into nine-level ac voltage by full bridge converter.
Hence the proposed system generates a sinusoidal output which is in phase with the utility voltage. The advantages of the
proposed system is, it uses only nine power electronic switches, which results in reduced voltage stress and reduced total
harmonic distortion without using any filter in utility side. Whereas, traditional system uses 16 power electronic switches
and four independent dc voltage sources to produce a nine-level output voltage. By using minimum number of power
electronic switches, the proposed system is compact and robust.
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1. Introduction
The large amount of fossil fuel such as crude oil, coal, natural gas leads to the problem of green house gas emissions.
Day by day the availability of it will be reduced which
leads to increase in cost1,2. Therefore migrations to renewable energy sources are necessary. In which solar energy
using PV array becomes popular while considering its
eco friendly and cost nature. In rural areas, distributed
generation using PV array will be maximum utilized for
domestic consumers in future. In that aspect, converter
plays a major role for DC – AC conversion when PV array
output is converted to the direct use of consumers in the
grid connected system3–6. When the inverter helps in converting DC to AC with the active devices such as power
semiconductor switches and passive devices like capacitors, inductors, and resistors produce a power loss. The
power loss which obtained due to transistor switches contains both conduction losses and switching losses. Let the
conduction loss is due to the use of power semiconduc*Author for correspondence

tor switches, whereas the switching loss is proportional
to the current and voltage variations for each switching
frequency7.
A filter inductor is used to regulate the switching harmonics of an inverter; therefore the power loss is directly
proportional to the amount of switching harmonics8.
So, multi-level inverter technology has been the subject
of best research over the past few decades. Theoretically,
multilevel inverters should be developed with higher
voltage levels in order to improve the power conversion
efficiency and to reduce harmonics content and electromagnetic interference (EMI)9.
Maharjan et al.10 proposed an Active-power control
of individual Converter cells for a battery energy storage
system based on a multilevel cascade PWM converter in
which a battery energy storage system based on a multilevel cascade Pulse Width-Modulated (PWM) converter
was explained. Mastromauro et al.11 explained control
issues on implementation of photovoltaic system. JinnChang Wu et al.12 proposed A Solar Power Generation
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System with a Seven-Level Inverter which explains the
working of a seven-level inverter and its advantages such
as reduced switching losses and harmonic distortion
compared to the traditional methods. With the help of all
these studies and understanding on the scope of reducing
harmonic distortion, the proposed study was carried out.
In the upcoming chapters, circuit diagram of the proposed system, modes of operation and simulation results
are to be discussed.
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2. Circuit Diagram of Nine-level
Inverter
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The Figure 1 represents the nine-level inverter. It consists
of two stage of power conversion as dc to dc and DC to
AC. DC to dc power conversion is done by the combination of boost converter and a transformer to convert PV
array voltage into three different voltage sources13. The
combination of capacitor selection circuit and full bridge
voltage source inverter produce nine level ac voltages
from three level dc voltages.

Mode 1: DC to DC power converter and full bridge
inverter operate in first half cycle with no capacitor
switches turned ON.
During this mode switch S1 in the dc to dc converter is
turned ON and inductor L1 and capacitor C4 also charging. Capacitor switches S3, S4 and S5 are turned off. The
capacitor C2 delivers its stored energy to the load. Voltage
source inverter is operated in positive half cycle. During
this mode output voltage of Vdc/4 is produced.
Mode 2: DC to DC power converter and full bridge
inverter operate in first half cycle with one capacitor
switches turned ON.
The only difference between mode 1 and mode 2 is
switch S5 turned ON during this mode. The output voltage is Vdc/2 because capacitor C4 also delivers its stored
energy to the load via transistor switch S5.

Figure 1. Circuit diagram of nine-level inverter.

3. Modes of Operation
First four modes are positive half cycle of voltage source
inverter. Next four modes are negative half cycle of voltage
source inverter. Switching operation and corresponding
output voltages are shown in Table 1.
Table 1. Modes of operation
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Mode 3: DC to DC power converter and full bridge
inverter operate in first half cycle with two capacitor
switches turned ON.
In addition to mode 2 switch S4 also turned ON during this mode so the Capacitor C3 also deliver its stored
energy to the load. The ouput voltage 3Vdc/4 is produced.
Mode 4: DC to DC power converter and full bridge
inverter operate in first half cycle with three capacitor
switches turned ON.
In addition to mode 3 switch S3 also turned ON during this mode so the Capacitor C3 and C4 also deliver its
stored energy to the load. The ouput voltage Vdc is produced.
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Mode 5: DC to DC power converter and full bridge
inverter operate in second half cycle with no capacitor
switches turned ON.
During this mode Switch S1 in the dc to dc converter
is turned OFF and switch S2 turned ON. Inductor L1 and
coupled inductor discharging its energy to restore the
capacitors C2, C3, and C4. Switches S7 and S8 are turned
ON to provide negative cycle for ac load.
Dc to dc converter operation of next three modes is
similar to this mode. Capacitor switching of next three
modes are similar to Mode 2, Mode 3, Mode 4 respectively. The only difference is here switch S7 and S8 turned
ON instead of S6 and S9.

4. Simulation Results and
Discussion
The simulation was done using Matlab/Simulink.
Switching frequency of the power semiconductor switches
used in the capacitor selection circuit, boost converter
and full bridge inverter is 100 Hz, 10 KHz, and 20 KHz
respectively. The total simulation time is 1 second. The PV
array is designed in the simulation using electrical characteristics of solar cell14. Solar cells are connected in series
to add the voltage and it is connected in parallel to add the
current. Powergui block is used to run simpower system
elements. Scope and display is used to show the output in
graphical and digital values respectively.

4.2 Output Voltage of Capacitor Selection
Circuit
Figure 3 represents four level dc voltage obtained from
three different voltage sources of dc to dc boost converter
using three capacitors and three transistor switches.

Figure 3. Voltage obtained from capacitor selection circuit.

4.3 Pulse Signal Given to Switches in the
Capacitor Selection Circuit
The switch S5 need to turn ON for more time compared
with switch S4, The switch S4 need to turn ON for more
time compared with switch S3 to produce four level
dc voltages. Therefore pulse width of switch S5 is 80%,
switch S4 is 60%, and switch S3 is 40% which is shown in
Figure 4.

4.1 Input Voltage from PV
The PV array produces dc voltage using photovoltaic
effect. The PV system produces 90V dc which is shown
in the graph (Figure 2). X-axis and Y-axis of the below
input and output waveform represents time duration and
amplitude respectively.

Figure 2. Voltage obtained from solar panel.
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Figure 4. Gate pulse signal given to three switches used in
the capacitor selection circuit.

Figure 5. Nine level AC output voltage.
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4.4 Output Voltage
The full bridge voltage source inverter converts four level
dc voltages into nine level ac voltages as shown in Figure
5. The magnitude of this ac voltage is 300V.

4.5 Output Current
The full bridge voltage source inverter converts four level
dc current into nine level ac current, shown in Figure 6.
The magnitude of this ac current is 0.5A.

Figure 6. Sinusoidal AC output current.

4.6 Total Harmonic Distortion
The THD of proposed system is only 13.9 percentage
compared with existing system which has 22 percentage
as shown in Figure 7.

Figure 7. Total harmonic distortion in the proposed system.

5. Conclusion
The proposed work represents the conversion of PV cell
generated DC output to the AC which is suitable for
the consumer utilities in the grid system. It is achieved
by using a DC to DC power converter and a nine level
inverter. The circuit configuration is simplified by having seven transistor switches in the inverter proposed.
Moreover, the nine level AC output is generated by
switching only one metal oxide field effect transistor at

4
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high frequency. The improved efficiency and reduced
switching loss will be guaranteed with the above setup.
Natural balancing takes place in the voltage of the three
dc capacitors used in the proposed inverter, which suits
the compactness of the control circuit. The above results
concludes that the proposed inverter setup helps in generating sinusoidal output is in phase with the utility supply
promises to achieve nearby unity power factor.
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