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          In this paper a novel multilevel current source inverter structure is 

proposed. This inverter is likely to be used in low/medium power applications. The 

proposed topology is analyzed and then compared with conventional inverters in 

order to validate the superiority of the proposed inverter. In this topology, all the 

desired current levels can be obtained using lower number of circuit devices. The 

number of required circuit devices is an essential factor, affecting technical and 

economic aspects of the system. The overall costs, circuit size, reliability and the 

control complexity are dependent directly to the number of required elements, 

including DC current sources, power semi-conductor switches and related gate 

driver circuits of switches. The proposed inverter is simulated to validate its 

practicability. Also, the experimental results are provided to demonstrate the good 

performance of the suggested converter. The simulation and experimental results 

are in good agreements which show the effectiveness of the proposed inverter. 

Keywords: Multilevel Current Source Inverters, Symmetric Inverter, Reduction 

of Circuit Components 

 

1. Introduction 

 

Since the first concept of multilevel inverter was introduced in early 1980s 

by Nabae et al., there have been intense investigations devoted to the multilevel 

inverters. Multilevel output waveform offers several essential merits. In this 

regards, the magnitude of fundamental harmonic, the quality of output power and 

the efficiency of overall system are increased. Also, the THD value, power losses 

and voltage/current variations versus time are lowered. Staircase output 

voltage/current of multilevel inverters is provided using several DC links 

connected to the input side [1-3]. As the number of steps in the output waveform 

increases, it reaches nearly sinusoidal waveform, and, hence, the mentioned 

advantages will be improved as well. Generating sinusoidal waveform by 

                                                           
1 Eng., Smart Distribution Grid Research Lab., Electrical Engineering Department, Azarbaijan 

Shahid Madani University, Tabriz, Iran 
2 Eng., Smart Distribution Grid Research Lab., Electrical Engineering Department, Azarbaijan 

Shahid Madani University, Tabriz, Iran 
3 Associate Prof., Smart Distribution Grid Research Lab., Electrical Engineering Department, 

Azarbaijan Shahid Madani University, Tabriz, Iran, e-mail: s.najafi@azaruniv.edu 

mailto:s.najafi@azaruniv.edu


150          Mohammad Reza Jannati Oskuee, Masoumeh Karimi, Sajad Najafi Ravadanegh 

 

synthesizing DC inputs is the main aim of multilevel inverters [4]. Multilevel 

inverters are employed in many applications such as Flexible AC Transmission 

Systems and renewable energy resources [5, 6]. To qualify the output 

current/voltage waveform of multilevel inverters, different modulation strategies 

have been proposed, which improve the performance of these inverters [9-11]. 

Some of popular switching strategies are, different pulse width modulation 

(PWM) techniques and space-vector PWM schemes are proposed to improve the 

output current/voltage harmonic spectrum [7-8]. Different international standards, 

like IEEE-929, IEEE-1547, and EN-61000-3-2 confirm inverter output power 

quality i.e. harmonic spectra and so, THD of output voltage/current. Multilevel 

inverters are divided into two categories, multilevel voltage source inverters 

(MVSIs) and multilevel current source inverters (MCSIs). The MCSI delivers AC 

current waveforms from DC current sources to the load, while MVSI has DC 

voltage links and generates AC voltage waveform. Mostly in distributed 

generation units, grid connected inverters transform DC power to AC power 

which is fed into the power grid. In order to link AC and DC sides in power grid, 

grid connected MCSI can be a suitable choice. Simpler control of MCSI is the 

superiority of this structure than its counterpart, MVSI. The grid connected MCSI 

can buffer the output current from the grid voltage fluctuation, generates a 

predetermined current to the power grid without AC current feedback loops, and 

can achieve a high-power factor operation. Because of MCSIs inherent short 

circuit protection abilities, grid voltage can’t affect the output current [12]. 

Unfortunately, few MCSI topologies can be addressed in literatures. Paralleling 

several three-level H-bridge CSIs is a common way to generate multilevel current 

waveform, called CHB. Similar to its counterpart, cascade CHB, the major 

problem related to them, are their circuit complexity, high number of power 

switches and a great number of auxiliary DC sources [13]. Another approach is a 

multi-cell topology based multilevel CSI, which the main drawback of this 

topology is the existence of bulky intermediate inductors causes a complex 

balancing control of the intermediate current level [14]. Although some methods 

that have been proposed can solve these problems but still using cumbersome 

inductors will be costly and limit the application of this kind of CSI [14]. Another 

different multilevel CSI, which employs a single rating inductor cell topology is 

presented in [15]. The disadvantages of this structure are extra losses and lower 

efficiency of power conversion due to the existence of cumbersome inductors to 

achieve the stable intermediate level currents. Higher costs and lower reliability 

are the results of the high number of components about MCSIs which cause 

circuit complexity and necessitates complex control scheme of the inverter. So, 

the main aim of advanced topologies of MCSIs is to reduce the necessity of circuit 

devices. Therefore, researcher’s efforts are mainly focused on reduction of circuit 

elements [16]. So, a multilevel inverter topology with higher performance and 
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lower number of required components can be a useful achievement. In this paper, 

a new modular configuration for the symmetric multilevel current source inverter 

is investigated. This inverter needs less number of circuit components to provide a 

large number of steps in comparison with CHB and the presented inverter in [16]. 

The lower number of devices reduces the costs and circuit size, enhances the 

reliability and ease the control method. The advantages of the proposed multilevel 

inverter is validated by provided comparisons. The simulation and experimental 

results are obtained to confirm the practicability of the proposed inverter.  

 

2. Proposed Topology 

 

The overall view of the proposed inverter is shown in Fig. 1. The proposed 

inverter consists of n-isolated DC current sources. The values of the DC sources 

are equal, so, the proposed inverter is symmetric. Side effects on the output 

current quality and producing undesired harmonics due to the inequality in the 

current steps are the results of inequality in DC current sources. So, producing 

balanced DC current sources is the most considerable point among all symmetric 

inverters. As the aim of this study is to propose a new topology for multilevel 

inverters, the ways to provide the DC current sources, is not taken into 

consideration. 
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Fig. 1. Proposed multilevel inverter 

 

k-basic cells vocalize the elements of proposed inverter. The basic cell of the 

suggested multilevel inverter is shown in Fig. 2. As shown, it consists of three 

equal DC current sources and four semiconductor unidirectional switches which 

each unidirectional switch is an IGBT. The output current of each basic cell which 

includes four levels consisting of positive and zero values generated by the 

complementary of switches
1 1( )i iS with S , 

2 2( )i iS with S . Various switching states of the 

basic cell of suggested topology, for each output voltage step are represented in 

Table 1. In Table, 1 shows that the relevant switch is turn-on and 0 points out the 
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off state. As seen, the proposed inverter contains of H-bridge inverter connected 

to its output and can provide all positive and negative steps in output waveform. 

A provided output phase current is synthesized by individual currents of 

DC sources. Due to considering the same value ( dcI ) for all the DC current 

sources, the proposed topology is called symmetric topology: 
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Fig. 2. Basic cell of proposed topology 

Table 1 

Switching states of basic unit of symmetric proposed topology 

State Si1 Si2 Io 

1 0 1 +3Idc 

2 0 0 +2Idc 

3 1 1 +Idc 

4 1 0 0 

 

The greatest amount of output current ( ,maxoI ) of the introduced topology 

can be calculated by the following equation 

,max

1

n

o i dc

i

I I nI


         
      (1) 

Here, the number of DC sources is n . A cycle of a typical waveform of the output 

phase current synthesized is represented in Fig. 3. The output current levels from 

dcnI  to 
dcnI  can be produced using different switching combinations of the 

proposed multilevel inverter cells. 
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Fig. 3.  Typical output current waveform of the proposed multilevel inverter 

 

The number of current levels ( m ) is given by the following equation: 

 

,max
2 1

o

dc

I
m

I
 

                                                 (2) 

 

It is obvious that to generate m-levels in the output current, n-DC sources are 

needed. That is: 

1

2

m
n


                                                              (3) 

One efficient way to increase the number of output current levels is to 

increase the number of cells. However, having k   basic cells, it needs n DC links. 

Each cell consists of three DC current sources. It is clear that, in this 

configuration n  must be in a proper relationship with k . So: 

3 1 ; 1,2...n k k                                               (4) 

 

In other words, the values of n  and k must gratify the given relationship: 

1

3

n
k


                                                            (5) 

In the proposed inverter, the number of cells ( k ) is integer. Thus, if an integer 

number did not result, the nearest integer number is certainly the appropriate 

solution. Then, the value of n  must be updated according to k . The number of 

switches in the proposed inverter is given by (6): 

4 8

3
switchN

n 
                                                     (6) 

 

Since the used switches in the proposed inverter are unidirectional, for each 

switch one driver is needed. The required switching pulses for each switch are 
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produced by the related driver circuit. So: 

Driver switch
N N                                                          (7) 

 

The other factor of multilevel inverters is the semiconductor device power (SDP). 

The total SDP of switches is calculated by the following equation: 

 

1 1 

   j j jTotal Switch Switch Switch

j j

SDP SDP V I                                         (8) 

SDP defines the power ratings of semiconductors. Therefore, it is one of the main 

criterions to evaluate the overall costs of the implemented inverter. So, the total 

SDP of the proposed inverter can be formulated as follows: 

( ) 6 2puSDP n                                                        (9) 

 

3. Comparison of the Proposed Inverter with other Multilevel 

Inverters 
 

The great number of power devices is the main issue among all multilevel 

inverters which causes intricate circuit, control scheme and also increases the total 

costs of the inverter with significant reduction in the inverter reliability. In order 

to distinguish the efficiency of the suggested configuration, a comparison with the 

cascaded MCSI and the other symmetric MCSI reported in [16] is provided. To 

compare fairly, maximum output current is assumed equal for all mentioned 

inverters. A large fraction of the inverter cost is the price of required DC current 

sources. Therefore, the essential parameter in overall costs is the number of DC 

current sources. Fig 4 shows the number of DC current sources versus output 

levels. 

 
Fig. 4. Number of DC current sources versus number of levels for the proposed topology and the  

other mentioned solutions 

 



New modular multilevel current source inverter with minimum number of components     155 

 

It is obvious from Fig. 4 that the number of DC current sources is lower 

for the proposed inverter compared to [16]. This number for the proposed inverter 

is the same as CHB. Due to the efficient effect of the number of DC current 

sources in overall costs of inverters, the reduced number of sources, can be 

mentioned as a significant advantage of the suggested inverter. Fig. 5 shows the 

number of unidirectional switches versus the number of current levels for 

different inverters. 

 

Fig. 5. Number of IGBTs (unidirectional switches) versus number of levels for proposed  

topology and other mentioned solutions 

 

The comparison progress shows the superiority of the proposed topology 

over the mentioned configurations from requirements for IGBTs and gate drivers’ 

circuits’ point of view. As a result, reductions in the required installation area and 

costs are obtained for this configuration. Also, the control scheme gets simpler. In 

addition, the proposed of [16] uses several diodes which increase the costs, but it 

is not considered in comparisons. Assuming the cost of a diode is a fraction of 

IGBTs cost, the total expense of [16] would be much more than the proposed 

MCSI. Another essential parameter which plays a consequential role in overall 

inverter expense is the power rating of the power switches. Fig. 6 compares the 

total SDP of the mentioned topologies. Also, it must be noted that the SDP of each 

diode is half of the IGBT. This fact is considered in SDP comparison. It is 

apparent that the ratings of switches applied in low/medium power applications, 

are almost the same. So, the number of required power switches is more important 

than the rating of power semiconductor switches in low/medium power 

applications. So, for the advantages detailed for the proposed inverter and because 

of the nature of applications where the proposed inverter will be utilized, a bit 

increase in total SDP of the overall system compared to CHB can be neglected, 

while a considerable reduction in number of switches is achieved.   
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Fig. 6. Total SDP value versus output voltage levels for the proposed and the other  

multilevel inverters 

 
4. Simulation and Experimental Results 

Simulation results illustrate the feasibility of the proposed multilevel 

inverter. MATLAB/Simulink software is used to simulate the proposed inverter. 

Finally, the experimental results validate the practicability and the good 

performance of the suggested symmetric MCSI. Table 2 represents the main 

parameters of implemented circuit. 
Table 2 

Parameters of implemented inverter 

Type of switch IRF260 

Type of MOSFET driver TLP250 

Pulse Generator DsPIC30F4011 

DC Current Sources Magnitudes 0.4A 

Load Parameters 22 Ohm & 8mH 

Fundamental Frequency 50Hz 

 

Fig. 7(a) shows the circuit diagram of a single phase proposed multilevel 

inverter. It consists of four DC sources and eight switches which produce a 

staircase waveform with the maximum current of 2A. A series R–L (12 Ω and 

5mH respectively) load is considered. In order to produce a high quality of the 

output current harmonic spectrum, several modulation techniques such as 

fundamental frequency-switching, sinusoidal PWM, selective harmonic 

elimination (SHE-PWM), space vector PWM (SV-PWM) are proposed. Among 

these methods, the most common used is the multicarrier sub-harmonic pulse 

width modulation (MCSHPWM). The principle of the MCSHPWM method is 

based on a comparison of a sinusoidal reference waveform, with shifted carrier 

triangular waveforms. For generating m levels, m-1 carriers are needed. In the 9-

level inverter, to obtain any level of current, four switches should be turned on. 

Fig. 7(b) shows the modulation waveforms. As shown in Fig. 7(b), the carriers are 
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triangular waveforms and the reference waveform is sin wave that coordinates the 

9-level inverter. The triangular waveforms have the same amplitude, Ac and the 

same frequency, fc. The sin reference wave has a frequency fr and an amplitude 

Ar. Also the output waveform has a fundamental frequency fr. At each instant, the 

result of the comparison is used in order to generate the proper switching function 

to give a suitable output current level.  
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a) circuit diagram of 9-Level multilevel inverter 
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b) Modulation waveforms for switching 

Fig. 7. Circuit diagram and Operation principle of the 9-level proposed inverter 

 

Table 3 defines the switching principle of the symmetric 9-level proposed 

inverter. In this Table, 1 means that the corresponding switch is turned on and 0 
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indicates the off state. 
Table 3 

Switching states of proposed symmetric 9-level inverter 

Output Voltage S1    S2   Tl    T2   T3 T4 

4Idc 011100 

3 Idc 001100 

2 Idc 111100 
Idc 101100 

0 --0110/--1001 

- Idc 100011 

-2 Idc 110011 

- 3 Idc 000011 

- 4 Idc 010011 

 

Fig. 8 illustrates the current and voltage waveforms of the 9-level 

symmetric inverter. 
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Fig. 8. a) Current and Voltage waveforms, b) harmonics content of the proposed symmetric 9-level 

inverter output current 

 

Fig. 8 shows that the proposed multilevel inverter can generate all current 

steps for a test case of 9-level symmetric inverter. To validate the practicability of 

the proposed multilevel inverter, the measured output voltage and current 

waveforms of the implemented single phase prototype of the symmetric 9-level 

proposed inverter are shown in Fig. 9. As it can be seen, the results confirm the 
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ability of the proposed inverter in generating the desired output current waveform. 

As seen in these figures, the simulation and experimental results are in good 

agreement. The negligible difference between the magnitudes of the simulation 

and experimental results is due to voltage drops on switches in the prototype. 

 

 

Fig. 9. Experimental results of implemented 9-level inverter, output current (1 Ohm resistance 

voltage) and voltage  

 

5. Conclusion 

 

In this paper, an advanced topology for symmetric multilevel current 

source inverters has been proposed. Reduced number of devices, including its DC 

current sources, switches and gate driver circuits is the advantage of this modular 

structure. As mentioned before, the provided comparison study between suggested 

inverter, CHB and recently proposed converters expresses the superiority of the 

proposed inverter over the mentioned topologies. Reduction in total costs, circuit 

size and simpler control scheme are the results of lower number of required 

devices. A prototype of the proposed symmetric topology has been implemented 

that validate the practicability of the proposed inverter. Finally, simulation and 

experimental results are compared with each other and the provided comparison 

shows that the obtained results are in good agreements. 

 

R E F E R E N C E S 

 
[1] MRJ Oskuee, M Karimi, SN Ravadanegh, GB Gharehpetian, “A Novel 

Symmetric/Asymmetric Multilevel Current Source Inverter Topology with Lower Number 

of Components and Lowest Power Rating of Switches”, International Journal of Ambient 

Energy, 2016, pp. 1-7 

[2] Mohamad Reza Banaei, Rahim Shamsi Varzeghan, Mohammad Reza Jannati Oskuee, Babak 

http://www.tandfonline.com/doi/abs/10.1080/01430750.2016.1222957
http://www.tandfonline.com/doi/abs/10.1080/01430750.2016.1222957
http://www.tandfonline.com/doi/abs/10.1080/01430750.2016.1222957


160          Mohammad Reza Jannati Oskuee, Masoumeh Karimi, Sajad Najafi Ravadanegh 

 

Nayeri Khezerlu, “Line voltage THD optimization using cuckoo optimization algorithm 

based neural network trained with imperialist competition Algorithm”, U.P.B. Sci. Bull., 

Series C, Vol. 78, Iss. 2, 2016 
[3] Mohamad Reza Banaei, Farhad Mohajel Kazemi, and Mohammad Reza Jannati Oskuee, “New 

mixture of hybrid stacked multicell with half-cascaded converter to increase voltage level”, 

IET Power Electron., vol. 6, Iss. 7, pp. 1406-1414, Sep 2013. 

[4] Ali Ajami, Mohammad Reza Jannati Oskuee, and Ata Ollah Mokhberdoran, “Implementation 

of Novel Technique for Selective Harmonic Elimination in Multilevel Inverters Based on 

ICA”, Hindawi Publishing Corporation, Volume 2013, Article ID 847365, 10 pages. 

[5] Fujin Deng, and Zhe Chen, “A Control Method for Voltage Balancing in Modular Multilevel 

Converters”, IEEE Trans. Power Electron, vol. 29, Iss. 1, pp. 66-76, Jan 2014. 

[6] Jaume Miret, Antonio Camacho, Miguel Castilla, Luís García de Vicuña, and José Matas, 

“Control Scheme with Voltage Support Capability for Distributed Generation Inverters 

Under Voltage Sags”, IEEE Trans. Power Electron, vol. 28, Iss. 11, pp. 5252-5262, Feb 

2013. 

[7] Jaison Mathew, P. P. Rajeevan, K. Mathew, Najath Abdul Azeez, and K. Gopakumar, “A 

Multilevel Inverter Scheme with Dodecagonal Voltage Space Vectors Based on Flying 

Capacitor Topology for Induction Motor Drives”, IEEE Trans. Power Electron, vol. 28, Iss. 

1, pp. 516 - 525, Jan 2013. 

[8] Das. S, Narayanan G., and Pandey M., “Space-Vector-Based Hybrid Pulse width Modulation 

Techniques for a Three-Level Inverter”, IEEE Trans. Power Electron, vol. 29, Iss. 9, pp. 

4580 - 4591, Apr 2014. 

[9] K. Sivakumar, Anandarup Das, Rijil Ramchand, and Chintan Patel, “A Hybrid Multilevel 

Inverter Topology for an Open-End Winding Induction-Motor Drive Using Two-Level 

Inverters in Series with a Capacitor-Fed H-Bridge Cell”, IEEE Trans. Ind. Electron., vol. 

57, Iss. 11, pp. 3707 -3714, Nov. 2010. 

[10] J. Rodriguez, J. Lai, and F. Z. Peng, “Multilevel inverters: A survey of topologies, controls 

and applications,” IEEE Trans. Ind. Electron., vol. 49, Iss. 4, pp. 724–738, Aug. 2002. 

[11] Tolbert L.M., Habetler T.G., “Novel multilevel inverter carrier based PWM methods”, IEEE 

Trans. Ind. Appl., vol. 35, Is. 5, pp. 1098–1107, Sep/Oct 1999. 

[12] R. T. H. Li, H. S. Chung, and T. K. M. Chan, “An active modulation technique for single-

phase grid connected CSI”, IEEE Trans. Power Electron., vol. 22, Iss. 4, pp. 1373–1380, 

Jul. 2007. 

[13] S. Kwak, and H. A. Toliyat, “Multilevel Converter Topology Using Two Types of Current-

Source Inverters”, IEEE Trans. on Industry Applications, vol. 42, Iss. 6, pp. 1558-1564, 

Nov./Dec. 2006. 

[14] B. P. McGrath, and D. G. Holmes, “Natural Current Balancing of Multicell Current Source 

Inverter”, IEEE Trans. Power Electrons, vol. 23, Iss. 3, pp. 1239-1246, May/Jun. 2008. 

[15] Z. H. Bai and Z. C. Zhang, “Conformation of multilevel current source converter topologies 

using the duality principle”, IEEE Trans. Power Electron., vol. 23, Iss. 5, pp. 2260–2267, 

Sep. 2008. 

[16] Suroso and T. Noguchi, Common-emitter topology of multilevel current-source pulse width 

modulation inverter with chopper-based DC current sources”, IET Power Electron., vol. 4, 

Iss. 7, pp. 759–766, 2011. 

[17] Ali Ajami, Mohammad Reza Jannati Oskuee, Ata Ollah Mokhberdoran, and Alex Van den 

Bossche, “Developed cascaded multilevel inverter topology to minimise the number of 

circuit devices and voltage stresses of switches”, IET Power Electron., vol. 7, Iss. 2, pp. 

459–466, Feb 2014. 

 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Das,%20S..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Narayanan,%20G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Pandey,%20M..QT.&newsearch=true

