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Abstract—Multilevel inverters have been widely accepted for 

high-power, high-voltage applications. This paper proposes a 

multilevel inverter (MLI) topology with the combination of four 

buck DC-DC converters and H-Bridge inverter to produce a 

nine-level inverter. The four buck DC-DC converter operates 

with high frequency for generating voltage levels and H-bridge 

inverter with low frequency (50 Hz) operates for reversing the 

polarity of the output. The controlling technique was done 

digitally using PIC18F4550 to simplify control strategy.  Finally, 

a prototype of the nine-level proposed topology is built and tested 

to show the performance of the inverter by experimental results.  
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I. INTRODUCTION 

Multilevel inverters (MLI) are investigated to fulfill the 
necessity of pure sinusoidal waveforms, with fewer harmonic 
distortion contents. The renewable energy sources are 
becoming popular in exchange of fuel sources and their 
disadvantages to the environment. The use of renewable 
energy is expected to rise every year [1]. Photovoltaic (PV) 
is the recommended renewable energy [2].  The universal 
MLI is known as cascaded H-bridge inverters, flying 
capacitor and diode clamped. The cascaded MLI uses series 
connected H-Bridge inverters, separate capacitors or DC 
sources, and less number of  used components in each 
level[3-4]. The x level cascaded MLI uses (2x – 2) 
semiconductor switches and ((x – 1)/2) capacitors[3-4]. 
Flying capacitor topology uses capacitors to divide input DC 
voltages. The x level flying capacitor MLI uses (2x – 2) 
semiconductor switches and (x – 1) capacitors [3-4].  Diode 
clamped topology uses clamping diodes to limit voltage 
stress of  semiconductor devices. The s level diode-clamped 
MLI uses (2x – 2) semiconductor switches, (x – 1) voltage 
sources, and (x – 1)(x – 2) diodes [5-6]. The separated DC 
sources multilevel inverter topology [7-9] has simple 
controls to convert renewable energy source to the grid. 

A single phase inverter topologies suitable for PV 
application are presented in [l0-12].The single phase inverter 
topologies require an isolated DC supply so it is suitable to 
PV application and grid tie inverter [13-14]. The modular 
topologies with fewer semiconductor components and lower 
total harmonic distortion are becoming the interest of 
researchers in the last decades [11-12], and [15]. 

In this paper proposed a nine-level MLI based on two 
stages converter. The first one is high level frequency 
generator implemented by four buck DC-DC converters and 
the other one is H-bride inverter for polarity generator. The 
proposed multilevel inverter topology uses eight active 

switches and four passive switches where the diode-clamped, 
flying capacitor, and cascaded H-Bridge MLI needs 16 
semiconductor switches and several capacitors or diodes. 
The proposed topology uses simpler switches configuration 
complexity and decreased number of used power switches. 
Second part of the paper describes about operation modes of 
single phase nine-level inverter and proposed pulse width 
modulation strategy. The third part describes about 
computational simulation, prototype results and the last part 
of shows the conclusion of the proposed topology. 

II. RESEARCH METHOD

The proposed MLI requires eight active switches, four 
passive switches and 4 separated DC voltage sources (E) as 
shown at Fig. 1. The 4 buck DC-DC converters require four 
active switches and four passive switches and four DC 
voltage sources. This converter operates at high frequency. 
The H-Bridge inverter requires four active switches. This 
converter operates in the 50 Hz frequency. 
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Fig. 1. The proposed nine-level inverter 

The proposed nine-level inverter has two cycles: positive 
and negative. Fig. 2 - 6 is shown the modes of operation for a 
nine-level inverter on a half of positive output. 

1. Mode of operation 1: maximum output voltage +4E:
S1, S5, S7, and S4 are ON. All of the other switches are
OFF.  Fig. 2 shows the current flow in this mode. The
equation for mode of operation 1 is given by:
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Fig. 2. Mode operation 1 

2. Mode of operation 2: maximum output voltage +3E: 
S2, S5, S7, D1, and S4 are ON. All of the other 
switches are OFF. Fig. 3 shows the current flow in this 
mode and the equation for mode of operation 2 is given 
by: 
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Fig. 3. Mode operation 2 

3. Mode of operation 3: maximum output voltage +2E: 
S3, S5, S7, D1, D2 and S4 are ON. All of the other 
switches are OFF. Fig. 4 shows the current flow in this 
mode and the equation for mode of operation 3 is given 
by: 
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Fig. 4. Mode operation 3 

4. Mode of operation 4: maximum output voltage +E: S5, 
S7, D1, D2, D3 and S4 are ON. All of the other 
switches are OFF. Fig. 5 shows the current flow in this 
mode and the equation for mode of operation 4 is given 
by: 
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Fig. 5. Mode operation 4 

5. Mode of operation 5 and 6, zero output: this mode can 
be obtained with two switching combinations: D1, D2, 
D3, D4, 5, S7 are ON or D1, D2, D3, D4, S6, S8 are 
ON and all of the other switches are  OFF. Terminal 
output is a short circuit and the voltage applied to the 
load terminals is zero. Fig. 6(a) and Fig. 6(b) show the 
current flow in this mode and the equation for mode of 
operation 5 and 6 are given by: 
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Fig. 6. Mode of operation 5 and 6. (a) Mode of operation 5, (b) Mode of 

operation 6 

6. The mode of operation for a negative half- cycle can be 
achieved with mode of operation 1-4 however the 
switches operated in H-Bridge inverter are S6 and S8 
while S5 and S7 are OFF. 
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Fig. 7. The proposed sinusoidal pulse width modulation  

 

Then modulated in Fig. 7 can be derived as follows:  
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This equation applies for operation mode 1 and 5 

Where: 

Vo : Modulation output waveform 

Vref   : Signal Reference  

Vcar    : Signal Carrier  

 

By this condition, MLI could be operated as nine-level 
inverter (the eq.6 – 9), seven-level (the eq.7 – 9), five-level 
(the eq.8 – 9), and three-level (the eq.9) 

Fig. 8 shows the proposed flowchart diagram for MLI. 
The generating reference signal and carrier signal by look-up 
table data that had been simulated using Power simulator 
software. After the generating a reference signal and carrier 
signal will be compared to choose which switches are 
ON.The sinusoidal pulse width modulation controller is 
generated by PIC18F4550 micro-controller. The prototype of 
proposed MLI was made using IRFP250N MOSFET and 
was gated using TLP250 gate driver circuitry shown in Fig. 
9. 
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Fig. 8. The proposed flowchart diagram 

86



POWER 

SUPPLY

PIC

18F4550

DRIVER

POWER

CIRCUIT
 

Fig. 9. Prototype of the proposed topology 

III. RESULTS AND ANALYSIS 

The single-phase nine-level inverter is simulated in 
Power simulator software implemented in the laboratory 
based on parameter on Table 1. The gate pulse for high 
frequency switches and low frequency switches generated 
simulation is shown in Fig. 10.  

Table. I PARAMETER OF SIMULATION AND PROTOTYPE IMPLEMENTATION 

Parameters Unit 

Vin :  48 Volt DC 

Inductor :  5mH 

Resistive Load :  45 Ohm 

Switching Frequency :  5KHz , 50 Hz 
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Fig. 10. Simulated waveform : (a) Switching on S1– S3  

 (b) Switching on S4 – S8 

Fig. 10(a) and Fig. 11(a) show the sinusoidal pulse width 

modulation used for S1– S3. Fig. 10(b) and Fig. 11(b) show 

the sinusoidal pulse width modulation used in S4 and the 

active switch S5 – S8 are reversing polarity pulse at 50 Hz. 

The prototype of proposed topology uses 4 x 12 volt 

separated DC voltage sources to generate nine-level voltage 

at maximum of 48 volts. 
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Fig. 11. Implemented waveform : (a) Switching on S1– S3 

 (b) Switching on S4-S8 

Fig. 12(a) shows the computational simulation result of 
nine-level MLI output waveform.  Fig. 12(b) shows the 
experimental result of nine-level MLI output waveform. The 
voltage levels prototype of proposed topology are +48V, 
+36, +24V, +12V, 0, -12V, -24V, -36 and -48V. The 
inductor filter used to obtain fundamental voltage. Fig. 13(a) 
shows the output voltage and current waveform from 
simulation. The experiment on laboratory tested is shown on 
Fig. 13(b).  
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(c) 

Fig. 12. Inverter voltage output: (a) Simulation before filtered and after 

filtered (b) Laboratory experiment before filtered (c) Laboratory 

experiment after filtered 
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Fig. 13. Inverter voltage and current output : (a) Simulation (b) Laboratory 

experiment 

IV. CONCLUSIONS 

The nine-level inverter topology in this paper consists of 
level generator and polarity generator. The level generator 
used high frequency switching and polarity generator used 
low frequency switching. The sinusoidal pulse width 
modulation for proposed topology has lesser difficulties 
since only positive carriers are generated for SPWM control. 
The prototype results of the proposed topology  for a nine-
level inverter are validated in this paper. The results show 
that the proposed topology can be used as a nine-level 
inverter with a simple SPWM effectively. 
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