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Introduction  

The multilevel  inverter  was  first  introduced  in 1975. The 

three level converters the first multilevel inverter introduced.   A   

multilevel   converter   is a   power electronic system that 

synthesizes a desired output voltage from several levels of dc 

voltages as inputs. With increasing number of dc voltage   

sources,   the   converter   output   voltage   waveform 

approaches   a   nearly   sinusoidal   waveform   while   using   a 

fundamental    frequency-switching    scheme.    The    primary 

advantage of multilevel inverter is their small output voltage, 

results  in  higher  output  quality,  lower  harmonic  component, 

better   electromagnetic   compatibility,   and   lower   switching 

losses [2]. 

Multilevel inverter includes an array of power 

semiconductors and capacitor voltage sources, the output of 

which generates voltages with stepped waveforms with less 

distortion, less switching frequency, higher efficiency, lower 

voltage devices and better electromagnetic compatibility [4]. 

The commutation of the switches permits the addition of the 

capacitor voltages, which reach high voltages at the output, 

while the power semiconductors must withstand only reduced 

voltage. 

Bridge Inverter  

Three Level Mode  

Another characteristic is that the “H” topology has many 

redundant combinations of switches’ positions to produce the 

same voltage levels. As an example, the level “zero” can be 

generated with switches in position S(1) and S(2), or S(3) and 

S(4), or S(5) and S(6), and so on [7] [8] [9]. 

Another characteristic of “H” converters is that they only 

produce an odd number of levels, which ensures the existence of 

the “0V” level at the load .For example, a 51-level inverter using 

an “H” configuration with transistor-clamped topology requires 

52 transistors, but only 25 power supplies instead of the 50 

required when using a single leg [8]. Therefore, the problem 

related to increasing the number of levels and reducing the size 

and complexity has been partially solved, since power supplies 

have been reduced to 50%. Fig 1.a shows the circuit diagram of 

H-bridge inverter operated in three level output mode. 

 
Fig 1a H-Bridge Inverter for Three Level Output Mode 

 
Fig1b. Mode-I (Vout = Vdc/2) 

 
Fig. 1.c Mode-II (Vout = 0)
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The mode of operation of H-bridge inverter operated in 

three level output has been explained based on the line diagram 

as shown in fig 1.b, 1.c, 1.d and 1.e. During mode 1, switches T1 

and T2 are turned on, the voltage level of the the output voltage 

Vout = Vdc/2. During mode 2, switches T1, T2, T3 and T4 are 

turned off, the voltage level of the output voltage Vout = 0. 

During mode 3, switches T3 and T4 are turned on, the voltage 

level of the output voltage Vout= -Vdc/2. During mode 4, the 

switches T1, T2, T3 and T4 are turned off, the  voltage  level  of  

the  output  voltage  is  Vout  =  0.  Table.1shows the switching 

sequence of H-bridge operated in three level output mode. 

 
Fig. 1.d. Mode-III (Vout = -Vdc/2) 

 
Fig. 1.e. Mode-IV (Vout = 0) 

Fig 2. Shows the circuit diagram of H-bridge inverter 

operated in five and seven level output mode. The upper bridge 

is main inverter and the lower bridge is auxiliary inverter. 

The ac terminal voltages of each bridge are connected in 

series. Unlike the diode clamp or flying capacitors inverter, the 

cascaded inverter does not require any voltage-clamping diodes 

or voltage balancing capacitors. This configuration is useful for 

constant frequency applications such as active front-end 

rectifiers, active power filters, and reactive power compensation. 

In this case, the power supply could also be voltage 

regulated dc capacitor. The circuit diagram consists of two 

cascade bridges. The load is connected in such a way that the 

sum of output of these bridges will appear across it. The ratio of 

the power supplies between the auxiliary bridge and the main 

bridge is 1:2 for seven level and 1:3 for nine level output. One 

important characteristic of multilevel converters using voltage 

escalation is that electric power distribution and switching 

frequency present advantages for the implementation of these 

topologies [9]. 

 

Fig 2. H-Bridge Inverter for five and seven Level Output 

Mode 

Using H-Bridge inverter the harmonics are reduced in 3 and 

7 level output voltages. The inverter generates a high quality 

output voltage waveform. It reduces dv/dt stress imposed on 

power switching devices and also harmonic components of 

output voltage and load current quite well. Table.2 shows the 

switching sequence of H-bridge operated in seven and nine level 

output mode. 

The phase output voltage is synthesized by the sum of two 

inverter outputs. Each inverter bridge is capable of generating 

three different levels of voltage outputs. The main bridge can 

generate +3Vdc, 0, -3Vdc and the auxiliary bridge can generate 

+Vdc, 0, -Vdc. By using appropriate combinations of switching 

devices many voltage levels are obtained. 

 

Fig .3 Switching waveform of H-Bridge Inverter for seven 

Level Output Mode 

When the positive group switches are turned on the voltage 

across that particular bridge is positive. When the negative 

group switches are turned on the voltage across that particular 

bridge is negative. When S1, S2 are turned on the voltage across 

the main bridge is +3Vdc. Fig 3 shows the switching sequence 

waveform of seven level inverter. 

 

Fig .4 Switching waveform of H-Bridge Inverter for nine 

Level Output Mode 

Harmonic Reduction 

To eliminate 5
th

, 7 
th

, and 9
th

 order harmonics, the firing 

angles for each level is found by solving the following 

equations. 

Cos 5a1 + Cos 5a2 + Cos 5a3 + Cos 5a4 = 0 

Cos 7a1 + Cos 7a2 + Cos 7a3 + Cos 7a4 = 0 

Cos 9a1 + Cos 9a2 + Cos 9a3 + Cos 9a4=0 

Using Math CAD, the values of the “a” is obtained as  follows 

a1 = 12.834 degree a2 = 29.908 degree a3 = 50.993 degree a4 = 

64.229 degree 

a1, a2, a3, a4 is the switching sequence of T1, T2, T3 and T4 

respectively. where a1, a2, a3, a4 are the firing angles in degrees. 

The switching instants are obtained by carrying out the above 

calculations. 

Simulation Results of H – Bridge Inverter 

H – bridge is operated in three level mode simulink circuit 

shown in fig 5.a. The output of the H – bridge inverter is 

connected with inductive load. The H – bridge inverter converts 

the DC voltage into AC voltage in various steps. The switching 
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strategy of the circuit has explained in the previous section. This 

circuit is simulated in MATLAB and the output wave form and 

harmonics by FFT analysis is obtained. The output waveform is 

shown in the fig 5.b and 5.c shows the harmonics represent in 

the output. The THD value is 10.15 %. 

 

Fig. 5.a. Simulink Circuit for H – Bridge – 3 level output 

 

Fig. 5.b. H – Bridge – 3 level mode output voltage 

 

Fig. 5.c. H – Bridge – 3 level mode FFT analysis  

H – bridge inverter is operated in five level output mode 

simulink circuit shown in fig 6.a. The output of the H – bridge 

inverter is connected with RL load. The H – bridge inverter 

converts the DC voltage into AC voltage in various  steps. The 

switching strategy of the circuit has explained in the previous 

section. This circuit is stimulated in MATLAB and the output 

waveform and harmonics by FFT analysis is obtained. The 

output waveform of both pure resistive and inductive load is 

shown in the fig 6.b and 6.c. The output current waveform of the 

H – bridge inverter in five level mode with inductive load shown 

in fig 6.d. Fig 6.e shows the harmonics represent in the output. 

The THD value is 16.45 %. 

 

Fig.6.a. simulink circuit of H – Bridge 5, 7 and 9 – Level 

output mode 

 

Fig. 6.b H – Bridge 5 – Level Inverter output voltage with R 

load 

 

Fig. 6.c H – Bridge 5 – Level Inverter output voltage with 

RL load 

 

Fig.6.d H – Bridge 5 – Level Inverter output current with 

RL load 

 
Fig. 6.e H – Bridge 5 – Level Inverter FFT analysis  

 
Fig. 7.a H – Bridge 7 – Level Inverter output voltage 

 
Fig. 7.b. H – Bridge 7 – Level Inverter FFT analysis 

H – bridge inverter is operated in nine level output mode 

simulink circuit as shown in fig 6.a. The output of the H – bridge 
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inverter is connected with inductive load. The H – bridge 

inverter converts the DC voltage into AC voltage in various  

steps. The switching strategy of the circuit has been explained in 

the previous section. This circuit is simulated in MATLAB and 

the output wave form and harmonics by FFT analysis is 

obtained. Fig 8.a shows the switching pulses of nine level 

inverter. The output voltage and output current waveform of 

inductive load shown in the fig 8.b and 8.c. Fig. 8.d shows the 

harmonics represent in the output. The THD value is 6.34 %. 

 
Fig.8.a H – Bridge 9 – Level Inverter individual switching 

pulse 

 
Fig.8.b  H – Bridge 9 – Level Inverter output voltage 

 
Fig.8.c  H – Bridge 9 – Level Inverter output current 

 
Fig.8.d  H – Bridge 9 – Level Inverter FFT analysis  

The THD obtained from various circuits are compared. It 

can be found from table 3 that with the use of H-Bridge three 

level inverter the THD level is 10.15%. Further with the use of 

H-Bridge five level inverter the value of THD is 16.45% and 

seven level inverter the %THD are 7.57 %. While H bridge 

inverter is operated in the nine level output mode the %THD 

level is drastically reduced to 6.34%. This shows an improved 

performance of the H-bridge inverter. 

Conclusion 

The H-bridge inverter is simulated in different levels of 

mode with reduced harmonics. Finally the harmonics in 

multilevel inverter at different stages are compared. From the 

comparison, it can be seen that the H-bridge inverter operated in 

nine level output mode has least value of THD. 
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