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Abstract: Multilevel inverters are used in high power 
applications for reducing the voltage rating of the 
semiconductor switching devices. This paper proposes three 
types of multilevel inverter topologies by using  flip flops 
and logic gates. The topologies are five level cascaded 
multilevel inverter, five level diode clamped multilevel 
inverter and five level flying capacitor multilevel inverter.  
The switching states of the topologies are formed as the 
Boolean equations by using the four bit counter. The 
equations are given as the input to the each switch of the 
multilevel inverter by using the logic  gates. The proposed 
topologies can produce the five level output which are 
nearer to the sinusoidal wave. This proposed system is used 
to reduce the total harmonic distortion (THD) and also 
increases the performance of the system.   
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1. Introduction. 
 An inverter is an electronic device used to convert 
the Direct Current (DC) into Alternating Current (AC). 
Multilevel inverters are classified into three types: 
cascaded multilevel inverter, flying capacitor multilevel 
inverter and diode clamped multilevel inverter. Flip 
flop is a data storage element that has two stable states. 
It is used to store the state information. Flip flops can 
be splitted into types. It can be simple or clocked. The 
simple one is latches, while clocked devices are called 
as flip flops. Bharatkar et al [1] proposed a cascaded 
multilevel inverter for high voltage and high power 
output application. Khoun jahan et al [2] developed a 
topology which reduces the number of switches and 
cost. K. Sudheer Kumar et al [3] proposed a new 
multilevel inverter topology with reduced number of 
switches which is used to control the hybrid electric 
vehicles. Ayoub Kavousi et al [4] developed a 
cascaded multilevel inverter, in which the harmonics 
are minimized by using the Bee optimization method. 
Damoun Ahmadi et al [5] proposed the harmonic 
elimination method for high power multilevel inverters. 
FaeteFilho et al [6] presents a eleven level cascaded 
multilevel inverter. In this proposed method the 
harmonics are eliminated by using the artificial neural 

networks. Malinowski M et al [7] proposed different 
topologies, control strategies and modulation 

techniques for cascaded multilevel inverters. Filho F et 
al [8] described the single phase eleven level cascade 
multilevel DC-AC grid -tied inverter. Villanueva E et 

al [9] proposed a single phase cascaded H bridge 
converter for a grid connected photovoltaic application. 
Haiwen Liu et al [10] described the PWM method for 
hybrid cascaded multilevel inverter. Daher.S et al [11] 
presented the multilevel inverter topologies for 
standalone photovoltaic systems. Jason R. Wells et al 
[12] developed a modulation based method for 
harmonic elimination. José Rodríguez et al [13] 
proposed different topologies with separate DC 
sources. It also presents control and modulation method 
for the topologies.        S.Sirisukprasert et al [14] 
analyses the multilevel voltage source converters based 
on modulation technique. 
 
2. Five level Cascaded multilevel inverter using 

Flip flops 
The general structure of the multilevel inverter is 

used to generate the sinusoidal waves from the several 
levels of input DC sources. The stress on each 
switching device can be reduced by using the 
multilevel inverter which is proportional to the number 
of levels of multilevel inverter. One of the proposed 
topology is five level Cascaded Multilevel Inverter 
(CMLI) which is shown in Fig. 1(a).  
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Fig. 1(a). Flip flop based five level Cascaded multilevel 

inverter 
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Table 1  
Switching states of five level Cascaded multilevel inverter 

Switching states 
Output 

voltage 
P1 P2 P3 P4 P5 P6 P7 P8 

1 1 0 0 1 1 0 0 2E 

1 0 1 0 1 1 0 0 E 

1 0 1 0 0 1 0 1 0 

0 0 1 1 1 0 1 0 -E 

0 0 1 1 0 0 1 1 -2E 

 
The above table represents the switching states of 

the five level cascaded multilevel inverter. Here P1, P2, 
P3, P4, P5, P6, P7, P8 represents the switches of the 
multilevel inverter and E represents the input voltage 
source. To obtain 2E, P1, P2, P5, P6 switches will be 
turned ON and the other switches should be turned 
OFF. For E, P1, P3, P5, P6 switches are turned ON. 
For 0E, P1, P3, P6, P8 switches will be turned ON. To 
get –E, P3, P4, P5, P7 switches will be turned ON and 
the remaining switches must turned OFF. The switches 
P3, P4, P7, and P8 are turned ON for -2E. E denotes 
the input voltage of the multilevel inverter. By using 
these switching states and the four bit counter, the 
following Boolean equations are formed. 

P1=C’B’A’+CBA+D’                              (1) 
P2=D’CA’+D’B’A+D’C’B                      (2) 
P3= C’B’A’+CBA+D                              (3) 
P4= DCA’+DB’A+DC’B                         (4) 
P5=C’B’+CB+D’                                    (5)   
P6=D’CB’+D’C’B                                  (6) 
P7=C’B’+CB+D                                     (7) 
P8=DCB’+DC’B                                    (8) 

The above equations are given as the input by using 
the logic gates and flip flops. The logic diagram for 
these equations is drawn by using the logic gates. This 
logic diagram for each switch is given as the input. The 
schematic diagram for JK flip flop is shown in Fig 
.1(b).  

 
Fig. 1(b). Schematic diagram of JK flip flop 

 

Here A, A’, B, B’, C, C’, D, D’ represents the 
output of the JK flip flop. These outputs are given as 
the input to the logic diagram which is formed by using 
logic gates for each switch. Each switch has the 
separate logic diagram. This topology produces the five 
level output with reduced Total Harmonic Distortion 
(THD). The simulation output of the five level flip 
flops based cascaded multilevel inverter is shown in 
Fig. 2. 

 
Fig. 2. Simulation output of Flip flop based five level 

Cascaded multilevel inverter 

 
A logic gate is a physical device which is used to 

implement a Boolean function that is, it performs a 
logical operation on one or more logical inputs and 
produces a logical output. The flip flops can be 
classified into four types. JK flip flop, SR flip flop, D 
flip flop and T flip flop. The THD analysis for five 
level CMLI is shown in Fig. 3.  

 

 
 
Fig. 3. THD analysis for Flip flop based five level CMLI. 
 



 

3. Five level Diode Clamped multilevel inverter 
using Flip flops 

The next proposed method is five level Diode 
Clamped Multilevel Inverter (DCMLI). The schematic 
diagram is shown in Fig. 4. 
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Fig. 4. Flip flop based five level diode clamped multilevel 

inverter 
This proposed method can produce five output 

levels. The levels are 2Vdc, Vdc, 0Vdc, -Vdc, -2Vdc. The 
switching state is shown in table 2. 
Table 2  
Switching states of five level Diode clamped multilevel 
inverter 

Switching states 
Output 

voltage 
S1 S2 S3 S4 S1’ S2’ S3’ S4’ 

1 1 1 1 0 0 0 0 2E 

0 1 1 1 1 0 0 0 E 

0 0 1 1 1 1 0 0 0 

0 0 0 1 1 1 1 0 -E 

0 0 0 0 1 1 1 1 -2E 

 
In the level of 2E, the upper four switches will be 

turned ON. For E, the upper switches S2 to S4 and the 
lower switch S1’ should be turned ON. For 0E, turn 
ON the upper switches S3, S4 and the lower switches 
S1’, S2’. In the level of –E, the upper switch S4 and 
the lower switches S1’ to S3’ must be turned ON. For -
2E, the lower four switches will be turned ON. The 

Boolean equations are listed below. 

S1= D’CB’+D’C’B                                    (9)  
S2= D’CA’+D’B’A+D’C’B                       (10)         
S3= C’B’A’+CBA+D’                               (11)       
S4= C’B’+CB+D’                                     (12) 
S1’= C’B’+CB+D                                     (13) 
S2’= C’B’A’+CBA+D                               (14) 
S3’= DCA’+DB’A+DC’B                          (15) 
S4’= DCB’+DC’B                                     (16)  

Like the five level CMLI, this proposed system also 
can produce five level output with the help of flip flops 
and the logic gates. The simulation output of proposed 
five level diode clamped multilevel inverter is shown in 
Fig. 5. 

 
Fig. 5. Simulation output of Flip flop based five level 

Diode clamped multilevel inverter 
The THD analysis for five level diode clamped 

multilevel is shown in Fig. 6. 

  

Fig. 6. THD analysis for Flip flop based five level 
DCMLI. 

 
4. Five level Flying Capacitor multilevel inverter 
using Flip flops 

The next proposed topology is five level Flying 
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Capacitor Multilevel Inverter (FCMLI) using flip flops 
and logic gates. The schematic diagram of this 
proposed method is shown in Fig. 7. 
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Fig. 7. Flip flop based five level flying capacitor 

multilevel inverter 
The switching states of the above proposed method 

is shown in table 3. These switching states are given as 
the input in the form of Boolean equation as the above 
two proposed topologies.  
Table 3 
Switching states of five level flying capacitor multilevel 
inverter 

Switching states Output 

voltage S1 S2 S3 S4 S1’ S2’ S3’ S4’ 

1 1 1 1 0 0 0 0 2E 

1 1 1 0 1 0 0 0 E 

1 1 0 0 1 1 0 0 0 

1 0 0 0 1 1 1 0 -E 

0 0 0 0 1 1 1 1 -2E 

 
To obtain 2E, the upper four switches will be turned 

ON. For E, turn ON the upper three switches S1 to S3 
and the lower switch S1’. In the level of 0E the upper 
switches S1, S2 and the lower switches S1’, S2’ should 
be turned ON. For –E the upper switch S1 and lower 
switches S1’, S2’, S3’ must be turned ON. To get -2E 
the lower four switches will be turned ON and the 
remaining switches should be turned OFF.                    
 The Boolean equations of proposed method is, 

S1= C’B’+CB+D’                                    (17)  

S2= C’B’A’+CBA+D’                             (18)         
S3= D’CA’+D’B’A+D’C’B                     (19)    
S4= D’CB’+D’C’B                                  (20) 
S1’= C’B’+CB+D                                    (21) 
S2’= C’B’A’+CBA+D                             (22) 
S3’= DCA’+DB’A+DC’B                        (23) 
S4’= DCB’+DC’B                                   (24)  

The simulation output of this proposed method is 
shown in Fig. 8.  

 
Fig. 8. Simulation output of Flip flop based five level 

flying capacitor multilevel inverter 
 The total harmonic distortion analysis of this five 

level flying capacitor multilevel inverter topology is 
shown in Fig. 9.  
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Fig. 9. THD analysis for Flip flop based five level 

FCMLI. 
 
Table 4 
Parameter of proposed three topologies. 

 
Topology 

Flip flop 
based five 
level 
CMLI 

Flip flop 
based five 
level 
DCMLI 

Flip flop 
based five 
level 
FCMLI 

 
Total Harmonic 
Distortion 

 
20.44% 

  
20.61% 

 
20.44% 

 

RMS value 

 

147.5 

 

147.5 

 

147.2 

 



 

The above table represents the total harmonic 
distortion  and the RMS value of the three proposed 
topologies. These THD values are lower than the 
conventional topologies. 

                
p

RMS 
V

V =
2

                                     (26) 

 
5. Conclusion 

In this paper flip flop based multilevel inverter 
topologies are presented. The topologies are five level 
cascaded multilevel inverter, diode clamped multilevel 
inverter and flying capacitor multilevel inverter. By 
using the flip flops and logic gates, the proposed 
inverter topologies can synthesize high quality output 
voltage near to sinusoidal wave. The  circuit 
configuration is simple and easy to control. This 
method is mainly used to reduce the total harmonic 
distortion (THD) and also used to increase the 
performance of the system. 

  
References 
1. Bharatkar, Sachin S, Bhoyar Raju R, Khadtare  Sarang A: 

Analysis of three phase cascaded H-bridge multilevel 
inverter for symmetrical & asymmetrical configuration. 
In: Proceedings of the First International Conference on   
Automation, Control, Energy and Systems (ACES), pp.1-
6, 2014. 

2. Khoun jahan, Hossein , Banaei, Mohamad Reza , Talaei 

Mobaraki, Saeedollah: Combined H-bridge cells 

cascaded transformers multilevel inverter. In: 

Proceedings of the 5th Conference on Power Electronics, 

Drive Systems and Technologies (PEDSTC), pp. 524-

528, 2014.   

3. K. Sudheer Kumar, E. Mohan, Ch. Rajesh Kumar, K.   
Lakshmi Ganesh: New Multilevel Inverter Topology with 
Reduced Switching Devices for Hybrid Electric Vehicles. 
In: Proceedings of the International Journal of Scientific 
& Engineering Research, Vol. 4, no.3, March 2013. 

4. Ayoub Kavousi, Behrooz Vahidi, Reza Salehi, 

Mohammad azem Bakhshizadeh, Naeem Farokhnia and 

S.Hamid Fathi: Application of the Bee Algorithm for 

Selective Harmonic Elimination Strategy in Multilevel 

Inverters. In: Proceedings of the IEEE Transactions on 

power electronics, 2012, vol. 27, no. 4, pp.1689-1696. 

5. Damoun Ahmadi, KeZou, Cong Li, Yi Huang and Jin 

Wang: A Universal Selective Harmonic Elimination 

Method for High-Power Inverters. In: Proceedings of the 

IEEE Transactions on power electronics, 2011, vol. 26, 

no. 10, pp. 2743-2752. 

6. FaeteFilho, Leon M. Tolbert, Yue Cao and 

BurakOzpineci: Real-Time Selective Harmonic 

Minimization for Multilevel Inverters Connected to Solar 

Panels Using Artificial Neural Network Angle 

Generation. In: Proceedings of the IEEE Transactions on 

industry applications, 2011, vol. 47, no. 5, pp. 2117-2124. 

  7. Malinowski, M, Gopakumar, K., Rodriguez, J. Pérez,  

M.A.: A Survey on Cascaded Multilevel Inverters. In: 

Proceedings of the IEEE Transactions on Industrial 

Electronics, July 2010, vol.57, no.7, pp.2197-2206. 

8. Filho, F:11-Level cascaded H-bridge grid-tied inverter 

interface with solar panels. In:  Proceedings of the 

Applied Power Electronics Conference and Exposition 

(APEC), Feb 2010, pp. 968 - 972. 

9. Villanueva, E: Control of a Single-Phase Cascaded H-

Bridge Multilevel Inverter for Grid-Connected 

Photovoltaic Systems. In: Proceedings of the IEEE 

Transactions on Industrial Electronics, Nov 2009, vol. 56, 
no. 11, pp. 4399 – 4406. 

10. Haiwen Liu, Leon M. Tolbert, Surin Khomfoi, Burak 

Ozpineci, Zhong Du: Hybrid cascaded Multilevel Inverter 

with PWM Control Method . In: Proceeding of  the IEEE, 

2008, 978-1-4244-1668-4, pp. 162 - 166. 

11. Daher.S, Schmid.J, Fernando L. and. Antunes.M: 

Multilevel inverter topologies for stand-alone PV systems. 

In: Proceedings of the IEEE Transactions on Industrial 

Electronics, July 2008, Vol. 5 , no.7, pp. 2703 - 2712. 

12. Jason R. Wells, XinGengPatrick L. Chapman Philip T. 

Kreinand Brett M. Nee: Modulation-Based Harmonic 

Elimination. In: Proceedings of the IEEE Transactions on 

power electronics, 2007, vol. 22, no. 1, pp.336-340. 

13. José Rodríguez, Jih-Sheng Lai, Fang Zheng Peng, 

Fellow Senior Member, IEEE: Multilevel Inverters: A 

Survey Topologies, Controls, and Applications. In: 

Proceedings of the IEEE Transactions on Industrial 

Electronics, July 2002, Vol. 49, no. 4, pp. 724 - 738. 

14. S. Sirisukprasert, J.-S. Lai, and T.-H. Liu: Optimum 

harmonic reduction with a wide range of modulation 

indices for multilevel converters. In: Proceedings of the 

IEEE Transactions on Industrial Electronics, Aug 2002,  

vol. 49, no. 4, pp.875– 881.  

 

 

 

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bharatkar,%20Sachin%20S..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bhoyar,%20Raju%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Khadtare,%20Sarang%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Khoun%20jahan,%20Hossein.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Banaei,%20Mohamad%20Reza.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Talaei%20Mobaraki,%20Saeedollah.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Talaei%20Mobaraki,%20Saeedollah.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Talaei%20Mobaraki,%20Saeedollah.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6783962
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6783962
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6783962
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6783962
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5282654
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4550662

