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Abstract: The paper presents an approach to build an 

inverter by making use of all the possible output levels 

of a single inverter topology, thus providing an efficient 

inverter model. Different switching frequencies can be 

considered to analyze the thermal stress and converter 

efficiency. With a variation in the switching strategies, 

the inverter module under consideration can provide 

multiple outputs. Here a three phase inverter topology 

is taken into account to analyze the variation in terms 

of output, performance and harmonics. The simplest 

cascaded topology being the use of two bridges is 

considered. 

Keywords: Multilevel inverter, fundamental 

frequency, hybrid cascaded multilevel inverter, 

domestic applications. 

1. Introduction 

     Comparing the different types of inverters, it is 

proven that the multilevel inverter is more suitable for 

high power applications owing to the fact that it has 

lower electromagnetic interference. A conventional 

multilevel inverter is said to produce 2N+1 levels of 

output for N number of bridges. But theoretically 

analysing the possibilities, it is possible to obtain more 

levels than the conventional ideology. But deriving 

such higher levels is very tedious due to the 

configuration and differences in the source voltages. 

Normally Pulse Width Modulation technique is 

emphasized in all the configurations. But the proposed 

scheme analyses the use of lower frequency which is 

the fundamental frequency in our case [1][2]. This 

consideration is made taking the domestic or house 

hold applications in mind. Two bridges in each phase 

gives 5 levels of output, based on the conventional 

scheme. But in the proposed scheme, all possible levels 

are considered which can be termed as enhanced 

configurations. 

2. Working principle of Multi Level Inverter 

Topology 

      Any multilevel inverter can be configured to obtain 

more than two levels as in a traditional inverter in 

single phase. The same ideology is proposed to be 

extended to poly-phase inverter, it is said, and the 

polyphase or multiphase inverter produces more than 

two levels of output for each phase. The main fact that 

ensures the proper operation of a multilevel converter is 

that the voltage blocked by the switches reduces with 

increase in output levels. Since the inverter designed 

for such a purpose is modular in nature, the same 

configuration can be extended for any desired voltage 

levels. Speaking about multilevel inverter, it can be 

designed in any category such as (1) capacitor-clamped 

inverter, (2) Diode clamped inverter or (3) Cascaded 

inverter. Cascaded inverter configuration, being easy to 

construct and simple, is made use in the proposed 

topology [3][4]. 

The sources to be used for inverters are configured as 

V1 and V2. Direct sources such as Photovoltaic Arrays 

or indirect sources such as rectified DC from AC 

sources can be used for the inverter input. When 

multiple sources are used, they may be of the same 

capacity or of different ratings, based on the 

configuration. The switches to be used in the proposed 

scheme are MOSFETs.  The main functions of the 

driver module are  

i. Buffering,  

ii. Isolation  

iii. Amplification.  

For buffering, separate IC’s maybe used. Opto-coupler 

unit is made use for isolation purpose. The MOSFETs 

are triggered with the help of a controller unit. But the 

logic output of the controller unit is insufficient to 

trigger. Hence this logic output has to be amplified for 

which an amplification module has to be made use.  
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Figure 1. Three phase Multilevel Inverter Topology 

 

 
Figure 2. Block Diagram of H-bridge inverter 

   Multilevel inverters offer an output voltage which is 

the summation of outputs of individual inverter bridges. 

The switching pattern is configured using a controller 

circuit which decides the output of the cascaded 

inverter. Multiple pulses are generated to drive the 

switches for which the phase delay is calculated 

individually. The pulses can be derived from a discrete 

pulse generation circuits. This pulse generator circuit is 

replaced with microcontroller based control circuit.  

3. Switching Strategies for Multilevel Inverter 

   Multilevel inverters are characterized by the 

triggering pulses for switching the MOSFETs. Pulse 

Width Modulation (PWM) technique is generally used 

for inverter due to its high switching frequency. But in 

the proposed scheme, fundamental frequency is made 

use in order to achieve ease of pulse delivery. Selecting 

a frequency of a lower order provides direct control 

over the triggering of MOSFETs [5]. Since the scheme 

is proposed keeping domestic applications in 

consideration, 50 Hz is chosen as the switching 

frequency. 

The phase delay and the angle are calculated from 

the expressions, (5/360)*100% and θ / (360*f) 

respectively, where f is the fundamental frequency. The 

term cascaded inverter implies that the outputs of the 

inverters are cascaded or in other words, the outputs are 

connected in series. Here, the bridges are assumed as 

H1 and H2, which are supplied by sources V1 and V2 

respectively. The output of any inverter can have three 

values as +V, 0 and –V. Since the bridges are supplied 

by V1 and V2, the outputs are bounded between ±V1 

and ±V2 respectively. In other words, the bridge H1 

gives output values V1 or 0 or V1. Likewise the bridge 

H2 gives output of V2 or 0 or –V2. 

 

Table 1. OUTPUT COMBINATION OF THE 

PROPOSED MULTILEVEL INVERTER FOR EACH 

PHASE 

V1 0 -V1 

V2 0 -V2 V2 0 -V2 V2 0 -V2 

V1+V2 V1 
V1-

V2 
V2 0 -V2 

-

V1+V2 
-V1 

-V1-

V2 

 

Generalized concept of multilevel inverters gives a 

view that the output voltages assume multiple values 

when the input is varied. Two converters connected in 

cascade is the basic configuration of a multilevel 

inverter. Therefore the basic topology is considered for 

each phase [6][7]. 

    The inputs are assumed to be V1 and V2. Any 

inverter offers three possible outputs. Based on the 

same ideology, the bridge H1 gives three possible 

values of +V1 or 0 or -V1. Similarly +V2 or 0 or –V2 are 

the possibilities possessed by the bridge H2. For bridge 

H1, any output from H2 can combine and offer a 

cascaded output. Outputs of H1 and H2 offers different 

values of outputs based on the variation in the values of 

the inputs to the bridges. Based on the above 

discussion, two bridges connected in cascade offers 

nine possible values of output.   

    The combinational outputs for the cascaded topology 

are given in table I. except 0V, the other output voltage 

magnitudes appears twice but in opposite signs. The 

positive and negative cycles are configured to be 

identical, but the input voltage values decide whether 

the output levels are symmetric or asymmetric. Table II 

provides a reference to choose the appropriate 

switching cycle. 

4. Proposed Multiple Output Levels in Multi 

level Inverter 

    For getting a five level output, the source voltages of 

the bridges are maintained equal, i.e., V1=V2=V. The 

same ratio is changed to 1:2 for seven level voltages. 

Nine level voltages are derived when the ratio becomes 

3:2.When the input voltages are chosen in the ratio 1:1, 

a five level output is obtained. In order to achieve such 

an output, the switching strategy is chosen such that the 

output in the positive cycle is 0, V, 2V, V, 0. Similarly 

the negative cycle output follows the sequence of 0, -V, 

-2V, -V, 0.  

For seven level output voltage, the input voltages 

are chosen in the ratio of 1:2. Normally for such ratio, 

an asymmetric output voltage is obtained as a cascaded 

output in positive cycle as 0, 2V, 3V, 2V, 0 and for 

negative cycle as 0, -2V, -3V, -2V, 0. But a small 

modification is made to obtain an additional level as V, 

i.e., difference between both inputs. Now as a result, 

the seven level output voltage is obtained in a 

symmetric manner.  The positive half cycle offers the 

values 0, V, 2V, 3V, 2V, V, 0     and 0, -V, -2V, -3V, -

2V, -V, 0. 
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TABLE 2. OUTPUT COMBINATIONS OF THE PROPOSED MULTILEVEL INVERTER 

H1 Output V1 0 -V1 

H2 output V2 0 -V2 V2 0 -V2 V2 0 -V2 

Cascaded output V1+V2 V1 V1-V2 V2 0 -V2 -V1+V2 -V1 -V1-V2 

V1+ 

V2 

(V1=0.6V 

V2=0.4V) 
V 0.6V 0.2V 0.4V 

0 

-0.4V -0.2V -0.6V V 

(V1=V2=V) 2V V 0 V -V 0 -V -V 

(V1=V 

V2=0.5V) 
1.5V V 0.5V -0.5V -2V -1.5V 

 

A topology similar to that of seven levels is slightly 

altered to get a set of output voltages which would be 

the cascaded output of two bridges yet an asymmetric 

waveform. Here the voltage ratio for the input of the 

bridges is chosen as 3:2.  The output voltages in the 

positive half cycle are 0, V, 2V, 3V, 5V, 3V, 2V, V, 0. 

Negative half cycle follows the sequence of 0, -V, -2V, -

3V, -5V, -3V, -2V, -V, 0 

5. Switching Cycle for the Proposed Multiple 

Output Levels in Multilevel Inverter 

       The table given above depicts the modes of 

operation for the proposed topology for single phase. 

The modes of operation for 5 level outputs are given as 

3-2-1-2-3 in positive half cycle and 3-4-5-4-3. The table 

offers us an idea that mode 2 can be obtained from 

either V1 or V2 acting alone. Similarly, mode 3 is 

obtained when none of the bridges turns on or when the 

cascaded output is V1-V2 or V2–V1. But it is easier 

only when no bridge is turned on. Likewise for mode 4, 

V1 or V2 acting alone in the negative cycle is 

considered [8].  

      For 7 level output in each phase, the modes follow 

the sequence 4-3-2-1-2-3-4 in positive half cycle and 4-

5-6-7-6-5-4 for negative half cycle. Similar to 5 level 

voltages, 7 levels also has identical modes. Mode 3 can 

be obtained by either V1 alone or V1 -V2, and mode 5 is 

obtained from either V2 acting alone in negative mode 

or V2 –V1.Compared to 5 and 7 levels, 9 level voltages 

stands unique with a difference that all the possible 

combinations give unique output. Hence 9 level output 

uses all combinations. 

6. Indispensable Considerations for Proposed 

Converter 

    The major consideration undertook is that the use of 

domestic applications with fundamental frequency. In 

other words, the comparison is made for 50Hz. 

Successful implementation of the inverter requires 

accurate design of the triggering circuits. 

 
Figure 3. Ideal Voltages per phase 

The basic assumptions considered are 

i. Only ideal switches are used 

International Journal of Pure and Applied Mathematics Special Issue

283



ii. Only one switch in each leg conducts at any given 

instant. 

iii. The bridge offers an output equal to the provided 

input 

 

     Reference wave is considered from an ideal 

sinusoidal or ideal bidirectional wave close to sine 

wave. Inverter topology to be successfully implemented 

because it is mandatory that the switching pattern is 

designed accurately [9][10]. Since the proposed 

topology is represented as a domestic purpose inverter, 

the frequency is chosen to be a fundamental frequency, 

i.e. 50Hz. 

7. Results 

 
Figure 4. Five Level voltage Output 

 

 
Figure 5. THD for Five Level Output 

 

 
Figure 6. Seven Level voltage Output 

 
 

Figure 7. THD for Seven Level Output 

 

 

 
Figure 8. Nine Level Output 

 

 
Figure 9. Nine Level Output 

 

8. Conclusion 

      The proposed topology serves as a replacement 

of existing single mode output inverters. It is 

observed that, the inverter output voltage varies with 

changes in the source voltages. The ratio between 

the input voltages is maintained at different ratios to 

obtain required output voltage level. To obtain a 

five level output voltage, the source voltages are 

maintained at a ratio 1:1. For a seven level output, 

the source voltages are maintained at 1:2. Nine level 

output voltage is obtained when the source voltages 
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are maintained at a ratio of 3:2. Since the switching 

frequency is lower, the need of complex circuitry is 

avoided. The duty cycle ratio is also compared. Nine 

level inverter offers equal duty cycle of 31.25% for 

all the switches and 25% for all switches in case of 

seven level output. But considering the 5 level 

output, the duty cycle varies such as switches in one 

bridge are triggered at 12.5% whereas the second 

bridge triggers at 12.5%. As shown in figures 5, 7 

and 9 with increase in levels the THD values 

decreases.  
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