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Abstract  
 

   In this paper a new configuration of the single-phase nine-

level voltage source inverter is described. The proposed in-

verter is based on modified H-bridge converter. To validate 

the proposed inverter, a low power prototype inverter has 

been designed and implemented. Instead of sixteen con-

trolled switches as in conventional method, this topology 

requires only eight switches to obtain nine level output. The 
reduction of switches lowers switching losses, cost and total 

harmonic distortions. Performance parameters have been 

analyzed for the nine level H-bridge MLI. Analytical, simu-

lation and experiment results have been provided. 
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Introduction 
 

 Various topologies for multilevel inverter have been pro-

posed over the years, aiming to construct a sinusoidal wave-

form from several dc-voltage levels; diode clamped multi-

level inverter, flying capacitor multilevel inverter, cascaded 
H-bridge multilevel inverter, and modified H-bridge multi-

level inverter. 

 

  A major problem with diode-clamped inverter configura-

tion is the achievement of a balanced voltage supply within 

the DC link. A multi-cell or a flying-capacitor multilevel 

inverter (FCMI) does not require isolated DC sides and addi-

tional clamping diodes; snubber -less operation is possible 

and expansion to multilevel is easy. However, these proper-

ties may be limited by voltage unbalancing of flying capaci-

tors, which is the most serious problem. Therefore, the 

FCMI has to ensure voltage balancing of the flying capaci-
tors, under all operating conditions. A cascaded multilevel 

inverter is made up of a series of H-bridge (single-phase 

full-bridge) inverters, each with their own isolated dc-bus. 

The multilevel inverter can generate almost-sinusoidal 

waveform voltage from several separate dc sources 
(SDCSs), which may be obtained from solar cells, fuel cells, 

batteries, ultra capacitors, etc.  

 

Advantages of a cascaded multilevel inverter includes: (1) 

its active devices switching at (or nearly) the fundamental 

frequency, drastically reducing switching losses, (2) elimina-

tion of the transformer in providing required voltage levels, 

(3) easier packaging due to the simplicity of its structure and 

its low component-count, and (4) much faster response, as 

there are no transformers. However, it has limitations, such 

as the large number of inverters required to decrease har-
monics, and a complex dc-voltage regulation loop; the sepa-

rate dc sources it needs for real power conversion somewhat 

limits its applications. 

 

Single-phase Seven level Inverter  
 

    The proposed single-phase seven-level inverter comprises 

a single-phase conventional full-bridge inverter, two bidirec-

tional switches, and a capacitor voltage divider formed by 

C1, C2, and C3 (see Fig. 1).  

 

 

 
Figure 1. Seven-level cascade Inverter 
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The development of a novel modified H-bridge single-phase 

seven-level inverter that has two diode-embedded bidirec-

tional switches. The inverter has seven output-voltage val-

ues: zero, one third positive, two third positive, full positive, 

one third negative, two third negative, and full negative, of 

the dc supply; so called a seven-level single-phase PWM 

inverter. 

 

The modified H-bridge topology is significantly advanta-
geous over the other topologies; less power switch, less anti 

parallel diodes, power diodes, and less capacitors for invert-

ers of the same number of levels. This inverter consists of 

conventional H-bridge inverter and bidirectional switch. 

There are several H-bridge multilevel-inverter topologies but 

in principle they are the same, different from bidirectional 

switch topology.  

 

Modified H-bridge Inverter  

       An H bridge is an electronic circuit that enables a volt-
age to be applied across a load in either direction. These 

circuits are often used in robotics and other applications to 

allow DC motors to run forwards and backwards. Most DC-

to-AC converters (power inverters), most AC/AC convert-

ers, the DC-to-DC push–pull converter, most motor control-

lers, and many other kinds of power electronics use H bridg-

es. In particular, a bipolar stepper motor is almost invariably 
driven by a motor controller containing Two H Bridges. 

Three-phase configuration can be easily implemented by 

three single-phase structures. Cascade configuration has 

been attracted for medium and high voltage renewable en-

ergy systems such as photovoltaic, due to its modular and 

simple structure. A higher level can easily be implemented 

by adding classical H-bridge cells in this configuration. 

However, it needs additional DC voltage sources and switch-

ing devices which can increase the cost of the system. The 

main features of Cascaded H-bridge multilevel inverter are, 

for real power conversions from ac to dc and then dc to ac, 

the cascaded inverter needs separate dc sources. The struc-

ture of separate dc sources is well suited for renewable en-

ergy sources such as fuel cell, photovoltaic and biomass. 

Compared with the diode clamped and flying capacitor 
types, it requires the least number of components to achieve 

the same number of voltage levels.  

 

Soft switching techniques can be used to reduce switching 

losses and device stresses. The advantages are 1).Its active 

devices switching at (or nearly) the fundamental frequency, 

drastically reducing switching losses. 2).Elimination of the 

transformer in providing required voltage levels. 3).Easier 

packaging due to the simplicity of its structure and its low 

component-count. 

 

9-Level Inverter topology description  
 

            The general structure of the Modified cascaded H-

bridge multilevel inverter is shown in Figure 2. This inverter 

consists of an H Bridge and multi conversion cell which 

consists of four separate voltage sources (Vdc1, Vdc2, Vdc3 
and V dc4), four switches and four diodes.  

 

 

 
 

Figure 2. 9-Level Modified-Cascaded multilevel inverter  
 

Each source connected in cascade with other sources 

through a circuit consists of one active switch and one diode 

that can make the output voltage source only in positive po-

larity with several levels. Only one H-bridge is connected 

with multi conversion cell to acquire both positive and nega-

tive polarity. 
 

By turning on controlled switches S1 (S2, S3 and S4 turn 

off) the output voltage +1Vdc (first level) is produced across 

the load. Similarly turning on of switches S1, S2 (S3 & S4 

turn off) +2Vdc (second level) output is produced across the 

load. Similarly +3Vdc levels can be achieved by turning on 

S1, S2, S3 switches ( S4 turn off) and +4Vdc levels can be 

achieved by turning on S1, S2, S3 & S4 as shown in below 

Table 1. 

 

 

 

http://en.wikipedia.org/wiki/Robotics
http://en.wikipedia.org/wiki/Push%E2%80%93pull_converter
http://en.wikipedia.org/wiki/Motor_controller
http://en.wikipedia.org/wiki/Motor_controller
http://en.wikipedia.org/wiki/Power_electronics
http://en.wikipedia.org/wiki/Stepper_motor#Bipolar_motor
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Table 1. Switching Patterns for 9 levels MC-MLI 

 

    From the above table, it is observed that for each voltage 

level, among the paralleled switches only one switch is 

switched ON. The input DC voltage is converted into a 

stepped DC voltage, by the multi conversion cell, which is 

further processed by the H Bridge and outputted as a stepped 

or approximately sinusoidal AC waveform. In the H Bridge, 

during the positive cycle, only the switches Q1 and Q3 are 

switched on. And during the negative half cycle, only the 
switches Q2 and Q4 are switched on. The S number of DC 

sources or stages and the associated number output level can 

be calculated by using the equation as follows, 

 

N level = 2S+1                                             (1) 

 

For an example, if S=3, the output wave form will have sev-

en levels (±3Vdc, ±2Vdc, ±1Vdc and 0). Similarly voltage 

on each stage can be calculated by using the equation as 

given,  

Ai = 1 V dc (1, 2, 3)                                 (2) 

 
The main advantage of proposed modified cascaded multi-

level inverter is seven levels with only use of seven switch-

es. For an example, if S=3, the output wave form will have 

seven levels (±3Vdc, ±2Vdc, ±1Vdc and 0). The number 

switches used in this topology is given by the equation as 

follows 

N Switch = 2S+ 4                                     (3) 

 

 

 

 

Simulation and Experimental results  
   New  designs  of  power  electronics  systems  are  the  

norm  due to  new  applications and  lack  of  standardization  

in  specifications  is  because  of  varying customer  de-

mands. Accurate  simulation  is  necessary  to  minimize  
costly  repetitions  of designs and bread boarding and  hence 

reduce the overall cost and  the concept-to-production time. 

We can collect performance data while simulating our model 

and then generate a simulation profile report based on the 

collected data that shows how much time Simulink takes to 

execute each simulation method.  

 

 
Figure 3. Simulation Circuit  

 

The figure 3 shows the simulation circuit of modified H 

bridge nine level inverter circuitwith resisitive load.It 
consists of fuzzy tuned PI controller with set volt as 300 set 

voltage can be varied as desired. Feedback is taken from the 

output.controller generates control signal depending on the 

error switching circuit is reduced in this circuit.display is 

used to show the output value. The circuit  has nine level 

inverter. 

 

 
 

Figure 4. Subsystem 1 
 

 

 

S. 

No 

 

Multi conversion Cell 

 

H-Bridge 

 

Voltage 

levels 

On 

switches 

Off 

switches 

On 

switches 

Off 

switches 

1 S1, S2, S3, 

S4 

D1,D2,D3,

D4 

Q1,Q2 Q3,Q4 +4Vdc 

2 S1, S2, S3, 

D4 

S4,D1,D2,

D3 

Q1,Q2 Q3,Q4 +3Vdc 

3 S1, S2, D3, 

D4 

S3, 

S4,D1,D2 

Q1,Q2 Q3,Q4 +2Vdc 

4 S1, D2, 

D3,D4 

S2, S3, 

S4,D1 

Q1,Q2 Q3,Q4 +1Vdc 

5 D1, D2, 

D3,D4 

S1, S2, 

S3,S4 

Q1,Q2 Q3,Q4 0 

6 S1, D2, 

D3,D4 

S2, S3, 

S4,D1 

Q3,Q4 Q1,Q2 -1Vdc 

7 S1, S2, 

D3,D4 

S3, 

S4,D1,D2 

Q3,Q4 Q1,Q2 -2Vdc 

8 S1, S2, S3, 

D4 

S4,D1,D2,

D3 

Q3,Q4 Q1,Q2 -3Vdc 

9 S1, S2, S3, 

S4 

D1,D2,D3,

D4 

Q3,Q4 Q1,Q2 -4Vdc 
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The below figure 4 shows circuit of subsytem 1 which is 

present in the main simulationcircuit . This circuit shows 

nine level inverter . This capability simplifies the creation 

and management of designs that share components, as one 

model can represent a family of designs. Conditionally 

executed subsystems let it change system dynamics by 

enabling or disabling specific sections of design via 

controlling logic signals. Simulink lets it create control 
signals that can enable or trigger the execution of the 

subsystem based on specific time or events. 

 

 
Figure 5. Subsystem 2  

 
The figure 5 shows subsystem 2. These include blocks for 

creating simulation tests. For example, the Signal Builder 

block lets we graphically create waveforms to exercise mod-

els. Using the Signal & Scope Manager, we can inject sig-

nals into your model, as well as log and view signals, with-

out adding blocks. Simulink also provides model verification 

blocks to check that block outputs conform to our design 

requirements. The figure 6 (i.e) graph shows the nine level 

output voltage waveform. 

 

 

 
Figure 6 Voltage waveform 

 

Conclusion 

 Simulation result prove that the proposed nine-level in-

verter based on conventional H-bridge inverter and the bidi-

rectional switches operates as proposed. Through simulation 

it is seen that proposed inverter topology generates a high 

quality voltage waveform. Output voltage of inverter with-

out filter is nearly sinusoidal waveform. It reduces dv/dt 

stress imposed on power switching devices. In this work, 

nine level inverter has been used. Further increasing the 

number of levels will improve the shape of the output wave-
form to be more sinusoidal. So the number of levels can be 

increased to improve the quality of output voltage wave-

form. The switching circuits can be reduced further. The 

number of switching devices can be reduced. These are 

maximum possibilities of future work. 
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