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Abstract— A single phase nine level inverter with a Phase 

Disposition (PD) multicarrier Pulse Width Modulated control 

scheme is presented. The harmonic content and switching 

stress is less in this topology. Also the self-balancing of 

capacitors is the main advantage of this control scheme. The 

capacitor potential divider circuit generate for voltages with 

equal magnitude and by using this the inverter generates nine 

output voltage levels (Vdc, 3Vdc/4, 2Vdc/4, Vdc/4, 0, -

Vdc/4, -2Vdc/4, -3Vdc/4, -Vdc/4). The proposed inverter 

requires only few components. A single voltage source is the 

only requirement. Nine power electronic switches, three 

uncontrolled switches and four capacitors provide the 

efficient operation of the inverter. The requirement of 

multiple independent voltage sources is eliminated in this 

topology. 
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I. INTRODUCTION 

Multilevel [2] inverters are used much in the high power 

medium voltage applications. Modern researches are done 

on this technic for reduce the cost by reducing the 

components of the system. And the most important thing is 

to reduce the harmonic content. In future the value of energy 

cannot be predictable, so we should concern about the 

efficiency of the system. So the inventions are done in the 

high efficient low cost systems. For employing the 

multilevel inverters, the design of control scheme is 

important. The different control schemes have different 

number of switches and other components. The average 

voltage, harmonics, switching stress are different for 

different control schemes. The most widely used method is 

PWM methods. By using this method we can 

simultaneously control the frequency and output voltage. 

Both controls are important for solar panel grid connections. 

And also it has application on motor drives, power 

conditioning devices etc. 

By increasing the level of the inverters we can 

improve the power quality of the system. But if the level is 

increased the requirement of switches, number of 

independent voltage sources are also increased, and it 

require complicated control schemes. So the overall cost 

will be tremendously increased. 

There are many types of inverters. In primitive H 

bridge inverter, four power electronic switches and only one 

voltage source is needed. The output is square wave. The 

square wave has infinite number of harmonic content so and 

that harmonics accumulate near the fundamental frequency. 

To remove this harmonic high size filters are needed. If we 

use Sine PWM control scheme for H bridge circuit, the 

harmonics accumulate around the carrier frequency (high 

frequency) so we require only small size filters. In the H 

bridge technique the Total Harmonic Distortion is very high 

in the unfiltered output. Also it is difficult to use it in high 

voltage applications because of its high switching stress. 

Because of these disadvantages we use multilevel inverters 

(MLI). The main topologies are flying capacitor MLI, diode 

clamped and cascade H bridge topologies. In flying 

capacitor MLI needs multiple independent voltage sources 

and in diode clamped topology more numbers of diodes are 

present, and in the cascade H bridge topology have more 

number of switches and independent voltage sources are 

required for level increasing. EMI and harmonics will be 

less in MLI. Asymmetrical voltage sources are used to 

decrease the size of the circuit in the cascade H bridge 

topology. But the requirement of transformer for creating 

asymmetrical voltage sources increased, so the system will 

bulky and less efficient. 

The new topology employs a nine level inverter 

with only one dc source. Different voltage sources are not 

needed for this configuration. And also it has only nine 

power electronic switches and three diodes. We can increase 

its levels by increasing the number of some components. 

The different PWM techniques [6] which are 

commonly used are Sinusoidal PWM (SPWM), Space 

Vector PWM (SVPWM), and Selective Harmonic 

Elimination PWM (SHEPWM). Mostly used method is 

SPWM. The filtering is very easy by using this method. But 

the average voltage obtained using this technique is low. So 

we employ another method that is multicarrier PWM 

techniques. These are two types, level shifted and phase 

shifted. In the level shifted technique involves Phase 

Disposition PWM (PDPWM), Phase Opposition Disposition 

PWM and Alternate Phase Opposition Disposition PWM. 

In this work a single source nine level inverter with 

self-balancing technology is introduced. A multicarrier with 

single reference PDPWM control is used. Computer aided 

simulation are performed using MATLAB/Simulink is used 

to verify the performance of the inverter. And also a 

prototype is made for evaluating the system at real world. 

II. PROPOSED NINE LEVEL INVERTER 

An easy way to comply with the paper formatting 

requirements is to use this document as a template and 

simply type your text into it. 

A. Circuit configuration of Seven Level Inverter 

 
Fig. 1: Circuit configuration of the 7-1evel PWM inverter 

[7] 

Figure 1 shows a circuit configuration of the proposed 7- 

level PWM inverter. It has a single voltage source and three 
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capacitors. Each capasitor have vdc/3 volts, by using this 

voltages 7 level obtained in the output voltage. Vdc, 2vdc/3, 

Vdc/3, 0, -Vdc, -2Vdc/3, -Vdc/3. And there are 7 switches. Four 

switches on H bridge, that determine the polarity of the 

voltage. (Vdc or-Vdc). S6,S5,S7 for generating the levels. 

B. Switching Scheme of 7 Level Inverter 

Figure 2 shows a general PD switching scheme for 

controlling of the proposed 7-level PWM inverter. It uses a 

reference and three carrier waves, which have the same 

frequency and amplitude, but different offset voltages. 

 
Fig. 2: Switching pattern for generating 7-1evel PWM 

output voltage [7] 

The main problem of series connected capacitor 

circuit is capacitor balancing. By using suitable control 

scheme we can solve this. The modified control scheme 

makes the voltage sharing of the capacitor will be equal. 

After one half cycle the number of discharging capacitor is 

same. In the above circuit, there are 3 capacitors C1,C2,C3,. 

Balancing of capacitor C2 will be difficult. Normally the 

discharging of C2 through C1 or C3 so the possibility of 

unbalancing is very high. The modified control scheme with 

PID controller is the best solution of this unbalancing. 

C. Nine Level PWM Inverter 

The seven level inverter discussed earlier needs a modified 

switching scheme for voltage balancing. The modified 

switching scheme requires an extra circuit using PI 

controller for adjusting the amplitude of the carrier. This 

makes the system complex. So a self-voltage balanced 

circuit with a better harmonic performance is proposed here 

to improve the performance of above circuit. The circuit 

configuration of the proposed 9 level inverter is shown in 

Figure 3. 

In this circuit also have single voltage source and 

four seris connected capacitors. Each capacitor has voltage 

Vdc/4. By sing this voltage we obtain nine level of output; 

Vdc, 3Vdc/4, 2Vdc/4, Vdc/4, 0, -Vdc/4, - 2Vdc/4, -3Vdc/4, -Vdc. The 

H bridge determines the polarity of the output voltage, Vde 

(or -Vde). The other switches determine the voltage levels. 

 
Fig. 3: Circuit configuration of the 9-1evel PWM inverter 

D. Generation of Output Voltage Levels 

The required nine level output generated as follows 

 
Fig. 4: Generation of Vdc voltage level and load current path 

1) Level 1 

In this mode we get the output voltage Vdc. The four 

capacitors are simultaneously discharges through S1 and S2 

through the load. 

 
Fig. 5: Generation of 3Vd/4 voltage level and load current 

path 

2) Level 2 

Output voltage is 3Vdc/4. Vc1 not discharging. So the 

Vc2,Vc3,Vc4 is discharged through the swich S5,S4 , Diode D1 

and through the load. 

 
Fig. 6: Generation of 2Vd/4 voltage level and load current 

path 

3) Level 3 

Figure 6 shows a current path when output voltage is 2V 

d/4. Two capacitors C3 and C4 supply energy to the output 

load. It discharges through DS6, S7, D], and S4. 
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Fig. 7: Generation of Vd/4 voltage level and load current path 

4) Level 4 

Figure 7 shows a current path when output voltage is V d/4. 

The lower end capacitor, C4 supplies energy to the output 

load. It discharges through Oss, S9, Db and S4. 

 
Fig. 8: Generation of zero voltage level and load current 

path 

5) Level 5 

To generate a zero level, two switching schemes can be 

considered. The basic idea to generate a zero-level is the 

voltage cancellation. Figure 8 shows a current path when it 

synthesizes zero level. When Sz and S4 tum on 

simultaneously, the output voltage becomes zero. The other 

method is to turn Sl and S3 on at the same time. 

 
Fig. 9: Generation of -Vdc/4 voltage level and load current 

path 

6) Level 6 

Figure 9 shows a current path when it produces -Vd/4 level. 

The upper capacitor (CI) supplies energy to the output load. 

It discharges through Osz, S7 and S3. 

 
Fig. 10: Generation of -2Vdc/4 voltage level and load current 

path 

7) Level 7 

Figure 10 shows a current path when output voltage is -

2Vd/4. Two capacitors C1 and Cz supply energy to the 

output load. It discharges through S3 and S6.  

 
Fig. 11: Generation of -3Vdc/4 voltage level and load current 

path 

8) Level 8 

Figure 11 shows a current path when output voltage is -3V 

d/4. Three capacitors Cb Cz and C3 supply energy to the 

output load. It discharges through OS3, Ss and S3. 

 
Fig. 12: Generation of -V dc voltage level and load current 

path 

9) Level 9 

Figure 12 shows a current path when output voltage is -V 

de. Four capacitors connected in series  supplies energy to 

the output load. It discharges through S2 and S3. 

E. Switching Scheme of 9 Level Inverter 

Figure 13 a shows the normal phase disposition multicarrier 

PWM switching scheme for controlling the propsed nine 

level inverter output voltage. Which uses four triangular 

carrier wave and one reference sine signal. All carrier wave 

have same frequency, amplitude, phase. But its dc offset 

will be different. 

 
Fig. 13: Switching pattern for generating 9-level output 

voltage 
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By comparison of the reference and each carrier 

wave, it produces command signals (𝐶𝑎 , 𝐶𝑏, 𝐶𝑐 and 𝐶𝑑). As 

shown in above figure, whenVcar1, Vcar2 and  Vcar3 are lower 

than Vref, then 𝐶𝑎, 𝐶𝑏and 𝐶𝑐 become1, and when 

Vcar4 higher thanVref. Then 𝐶𝑏 becomes 1. 

One cycle of the reference voltage is divided into 6 

modes according to the output voltage levels, and 

corresponding period (𝑃𝑛)  for each mode is determined by 

 Mode 1: 𝑃1 = 0 < 𝜔𝑡 < 𝜃1 𝑎𝑛𝑑 𝑃7 = 𝜃6 < 𝜔𝑡 < 𝜋 

 Mode 2:𝑃2 =  𝜃1  < 𝜔𝑡 < 𝜃2 𝑎𝑛𝑑 𝑃6 = 𝜃5 < 𝜔𝑡 < 6 

 Mode 3: 𝑃3 = 𝜃1  < 𝜔𝑡 < 𝜃2 𝑎𝑛𝑑 𝑃6 = 𝜃5 < 𝜔𝑡 < 6 

 Mode 4:P4  =  𝜃3 <  𝜔𝑡 <  𝜃4  

 Mode 5:P8 = 𝜋 < 𝜔𝑡 <  𝜃7 and P14  = 𝜃12  < 𝜔𝑡 <
2𝜋 

 Mode 6: P9  =  𝜃7  < 𝜔𝑡 <  𝜃8  and 𝑃13 = 𝜃11  <
𝜔𝑡 < 𝜃12  

 Mode 7: P10 =  𝜃8 < 𝜔𝑡 <  𝜃9and P12  =  𝜃10  < 𝜔𝑡 <
𝜃11 

 Mode 8: P11  =  𝜃9 <  𝜔𝑡 <  𝜃10  

By logical combination of this signals with 

𝐶𝑎, 𝐶𝑏 , 𝐶𝑐 , 𝐶𝑑 and 𝑃𝑛 we can generate the switching pulses. 

The period 𝑃𝑛  can be determined by modulation index. 

S1 =  Ca · (Ps +  P14) + Cd, 𝑃4   
 S2 =  Ca · (P1 + P7)  + Cd, P11 

S3 =  PS  +  P9 +  P10  +  P11 + P12 + P13 + P14 

S4 =  P1 + P2 +  P3 +  P4 + P4 + P6  + P7 

S5 =  Cc, (P3 +  P5)  +  Cd, P4 

S6 =  Cb, (P9 +  P13)  + Cc, (P10 + P12)  

S7 =  Ca. (P8 +  P14) + Cc. (P3 + P5) + Cb. (P9 +  P13)
+  Cb. (P1 +  P2 +  P6 + P7) 

S8 =  Cc, (P10 +  P12)  +  Cd, P11 

S9 =  Ca, (P1 + P7)  + Cb, (P2 + P6)  

The unbalancing of the capacitors is avoided in this 

modified control scheme. In the nine level inverter the 

harmonic contents was reduced. 

III. SIMULATION STUDIES AND RESULTS 

Performance of the seven level inverter can be done by 

computer aided simulation, MATLAB/SIMULINK is used 

for this. Voltage of 150 V given as input, and the capacitor 

divider circuit divides this voltage into 3 equal voltages with 

50 v magnitude. SIMULINK model of seven level shown in 

the figure. 

 
Fig. 14: Simulink block diagram of the seven level inverter 

with PDPWM 

From the figure 15 it is found that the middle 

voltage levels (2V del3) are disappeared as times go by. At 

0.4 second, the output voltage level shows just 5 levels like 

that of 5-level PWM inverter, which has two series-

connected capacitors. It means that only the upper and the 

lower capacitors (C l and C3) are charged as V dc2, but the 

middle capacitor (C2) failed to charge up because of 

insufficient charging time. THD of the output voltage is 

measured and found as shown in the figurel7. THD is found 

to be less when compared with conventional topologies. But 

the voltage unbalancing problem exists while using the 

general switching scheme. Also the number of levels in the 

output voltage has variations as shown above. 

The THD is 27.87%, for decreasing the THD, 

employ the 9 level inverter. To analyse 9 level inverter, 

computer aided simulation carried out in the MATLAB/ 

SIMULINK. Input voltage sets to 100 v. The capacitor 

dividing circuits divide the voltage to four equal maginude 

of each 25v. The SIMULINK model of the 9 level inverter 

with general PDPWM technique is shown in the figure 

 
Fig. 15: Simulink block diagram ofthe nine level inverter 

with PDPWM 

 
Fig. 16: THD of the output voltage seven level and nine 

level inverters 

 
Fig. 17: Simulation results with PO switching scheme; self-

balanced voltage of series-connected capacitors 
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Fig. 18: Output voltage obtained from simulation 

The fig and fig shows the capacitor voltage and the 

output voltge. From the fig  we can found that the nine 

voltage levels are generatede, and we can also see that it is 

nearer to the sine wave. So the feasibility of the circuit is 

conformed. 

From the figure and figure we can compare the 

THD value of the seven level and nine level inverters. In the 

seven level inverter have 27.8 % THD and in the nine level 

PWM inverter have only 13,30% THD. So the importance 

of the nine level inverter is verified. 

IV. HARDWARE IMPLEMENTATION 

The computer aided simulations are verified experimentally 

by hardware implementation. The most difficult task in the 

hardware implementation is Pulse generation. PIC 

microcontroller is one of the best microcontrollers used in 

the world. PIC 16f877a microcontroller is used to generate 

the gate pulses for hardware implementation. Multicarrier 

PWM wave and all port values are generated by 

programming in PIC. MIKROC is used for programming 

this device. 

The pulses are not directly fed to the gate and 

source of the mosfet. An optocoupler driver IC generated 

gate voltage to drive the mosfet according with the gate 

pulses. TLP250 IC used as optocoupler. Resistors and 

capacitors are used with the TLP250. The frequency of the 

gate pulses are 5khz. And the main circuits consist of 9 

mosfets, 3 diodes, four capacitors, and a 1k resistor are 

added to the gate to source of each mosfet for vanishing the 

effect of junction capacitance. 

The figure shows the experimental setup of the 

circuit. 

 
Fig. 19: Complete Hardware Setup of the Inverter 

The experimental results are tested in digital 

storage oscilloscope and it is recorded. Thus the feasibility 

of the circuit is tested and verified. From the experimental 

setup we can assure that the hardware setup is working and 

produces the desired output. The 9 level output waveforms 

are shown in figure.  

 
Fig. 20: Output voltage obtained from DSO 

V. CONCLUSIONS 

The PWM multilevel inverter can effectively increase the 

voltage levels without number of independent voltage 

source. Only one source with series connected capacitors 

needed to produce nine voltage levels. By implementing 

new switching topology, the capacitor balancing circuit is 

avoided. The self balancing of the capacitors are done in this 

circuit. In this topology totally 10 switches are used. 5 are 

used for producing the levels and 4 switches for H bridge 

section. Here a Phase Disposition switching scheme is used 

to provide the gate pulses to the switches. The proposed 

single source inverter has advantages like single source, 

lesser number of switches, low switching stress, self-

balanced capacitor voltage, less harmonic content. As a 

result, the proposed 9-level PWM inverter can be claimed as 

a good candidate, which can substitute for the conventional 

PWM inverters in the power rating of a common use. 
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