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Abstract— In this paper, a new multilevel inverter is designed 

to improve the power and voltage quality, which contains a 

lesser number of switches in the specified voltage levels. The 

proposed inverter includes power electronic devices such as 

switches and diode, and DC inputs. In the proposed structure 

the desired output voltage can be produced by considering a 

series connection of a novel sub-multilevel module. This 

structure can be designed in both the symmetric and asymmetric 

topologies. The proposed structure has superior condition in 

terms of semiconductor switches and drivers count as well as 

switching loss. Additionally, the Total Blocked Voltage (TBV) of 

the proposed converter is compared with  the conventional and 

the novel converters. This topology is studied by symmetric as 

well as asymmetric topologies through simulations in 

Matlab/Simulink environment as well as experiments by a 

laboratory prototype. 

 

 Index Terms— Multilevel Inverter, Number of Switch, 

Number of Gate Driver; Power Loss. 
 

I. INTRODUCTION 

 

Multilevel inverters (MLIs) are an appropriate choice for 

converting DC-AC voltages, especially in moderate and high 

power range to improve power quality. These inverters have 

several advantages over a typical two-level inverter, as they 

have low Total Blocking Voltage (TBV), low 

electromagnetic interference, high output power, high 

efficiency and low losses. With these features, they have been 

employed in many industrial applications, such as 

locomotives, navies, reactive power compensators, and 

power conversion in renewable energy systems [1]. 

Conventional multilevel inverters consist of NPCs, flynig 

capacitors (FCs) and cascaded H-bridge (CHB) [2-4]. Clamp 

diode inverters face challenges, such as DC link voltage 

balance and a large number of power semiconductor devices 

at high output levels. More switching devices have the ability 

to reduce the reliability of the converter [5, 6]. Among the 

disadvantages of flynig capacitor multilevel inverters, the 

large number of flynig capacitors and the complex control 

scheme to maintain the voltage equilibrium of each capacitor 

at the desired value as well as the need for multiple voltage 

sensors can be mentioned. These disadvantages increase the 

switching losses, volume and cost [7, 8]. The CHB multilevel 

inverters consist of several H-bridges, in which each H-bridge 

comprises four switches and a DC source that can add two 

levels to the output voltage levels. Modularity, easy control 

and high reliability are the advantages of the CHB inverter, 

while the main disadvantages of this type of multilevel 

inverters are the large number of DC sources and switching 

devices at higher levels [9, 10].  

Considering the above cases, the main disadvantages of 

conventional multilevel inverters are the large number of 

switches and diodes at high output levels. It causes to increase 

system complexity and cost. Also, it can reduce system 

reliability and efficiency. Therefore, in addition to achieve 

high quality output waveform, the count of switches and 

drivers which includes bulk portion of the cost, should be 

minimized. For this reason, researchers have always come up 

with structures to reduce the number of devices in multilevel 

inverters. New proposed structures, which are designed to 

reduce switching devices are divided into two main 

categories: topological changes and asymmetrical resources.  

This paper presents an improved structure of voltage 

source multilevel inverters with the aim of reducing power 

electronic devices, which has fewer power switches than the 

classical structures and the recent researches. This switch 

difference is observed more clearly at higher levels and 

makes the proposed structure more tangible. This structure 

uses an improved basic cell that generates three voltage 

levels. The proposed basic cell is capable of producing one 

voltage level more than structure of [11] with only one more 

DC source. This approach reveals a significant decrease in the 

required number of power switches compared to classical 

topologies and similar researches. The proposed structure can 

be employed as the converter of the medium voltage and 

power drive systems. Also, it may be applied in photovoltaic 

power systems, which several separated DC sources are 

available. 

The rest of this paper is organized as follows. In the next 

section, general structure of the proposed topology is 

presented. Also, operational principles of the proposed basic 

cell and its extended structure are described. The 

mathematical equations deal with the output voltage, number 

of the switches, gate drivers, and total blocking voltage are 

also given in this section. The calculations of power losses 

and comparison between loss of the proposed and some other 

similar structures are carried out in Section 3. A 

comprehensive comparison is made between the proposed 

topology and similar studies in Section 4. Simulation and 

experimental results are given in Section 5. Finally, Section 6 

concludes the paper. 
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I. TOPOLOGY OF THE PROPOSED MULTILEVEL 

INVERTER 

 

In this section, the proposed structure is introduced. Next, 

its operation principles are explained in a single phase nine-

level inverter by related equations. 

 

A. Basic Cell 

In this paper, the proposed multilevel inverter is derived 

from the extension of a basic cell. Figure 1 shows the 

proposed basic cell. This cell includes three DC voltage 

sources, four power electronic switches. It can produce three 

positive voltage levels. The switch can be implemented by a 

transistor (e.g. MOSFET, IGBT), which contains an 

antiparallel diode. The output voltages of the proposed cell 

for all possible states are given in Table 1. 
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Figure 1: (a) Proposed basic cell, and (b) output voltage waveform of 

proposed cell 

 
Table 1 

Output Voltage of the Proposed Basic Cell for All States 

 

Mode S1 S2 S3 S4 Vo 

1 1 0 1 0 0 

2 1 0 0 1 EDC 

3 0 1 1 0 2EDC 

6 0 1 0 1 3EDC 

 

The proposed basic structure is constructed from the basic 

cell and an H-Bridge. Basic cell produces positive voltage 

levels. The task of the H-Bridge is voltage polarity change as 

well as zero voltage level production. The proposed structure 

for nine-level voltage is shown in Figure 2. This structure 

contains eight switches and four DC sources to produce nine-

level voltage. The proposed structure has less switch count in 

comparison with the similar ones. 
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Figure 2: Basic structure of the nine-level proposed inverter 

 

B. Extended Structure 

Extended structure of the proposed multilevel inverter is 

shown in Figure 3. The structure has the capability to produce 

all voltage levels for low load power factors. The voltage 

across the H-bridge (vo,dc) is resulted from the sum of all 

output voltages of cells and Vd , shown in (1). 

 

1 2 ... , 1o o o on dv v v v V n       (1) 

 

where: n = Number of basic cells used in the proposed 

multilevel inverter structure 

vo,dc = Positive DC value of this voltage or its inverse 

can be applied to the load by the H-bridge module 

 

It is worth noting that the zero voltage level can also be 

generated by H-bridge switches. The extended structure is 

analyzed for symmetric and asymmetric topologies in the 

following sub-section. 

 

i. Symmetric Topology 

For the equal DC sources mode, the DC sources values are 

considered as 1, 2, 3, , 1n n n d DCE E E V V n     . In such 

situation, output voltage peak and possible level count can be 

determined by (2) and (3), respectively as: 

 

, (3 1).sym
o max DCV n V   (2) 

  

6 3sym
levelN n   (3) 

 

where: n = Number of basic cells 

 

In the proposed structure for the state of symmetric sources, 

required switches count, drivers count, and TBV can be 

determined as: 

 

4 4sym
switchN n   (4) 

  

4 4sym
driverN n   (5) 

  

(18 4).sym
DCTBV n V   (6) 

 

Maximum Blocking Voltage (MBV) by switches is an 

important parameter in the converters especially in cost 

calculations.  If blocked voltage by switches is low, the 

inverter cost will be reduced. On the other hand, MBV is one 

of main parameters in the switch selection. Therefore, for 

calculating the MBV, blocked voltage of each switch should 

be considered. According to Figure 3, blocked voltage of the 

switches is yielded as: 
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1 2 1, 2, , 1
n nS S n nV V E E n     (7) 

  

4 3 3, , 1
n nS S nV V E n    (8) 

  

5 65 6 1 2 ... , 1S S o o on dS S
V V V V v v v V n        

 
(9) 
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Figure 3: Extension of the proposed structure 

 

ii. Asymmetric Topology 

For unequal DC sources mode, different strategies may be 

developed. In this paper, the voltage of the first cell is 

assumed to be VDC and the other cells 4VDC (

1,1 2,1 3,1 d DCE E E V V     & 1, 2, 3, 4 , 2n n n DCE E E V n    ). 

In this condition, the output voltage peak and the possible 

level count can be determined by (10) and (11), respectively 

as: 

 

, (12 8). , 2asym
o max DCV n V n    (10) 

  

24 15 , 2asym
levelN n n    (11) 

 

where: n = Number of basic cells 

 

In the proposed structure for asymmetric topology, the 

required switches count, drivers count, and TBV can be 

calculated as: 

 

5 9asym
switchN N   (12) 

  

5 9asym
driverN N   (13) 

  

(72 22).asym
DCTBV N V   (14) 

 

where:  N = Number of the basic cells, which their DC 

voltage sources are 4VDC. 

 

Although the produced voltage levels in asymmetric 

condition are more than the symmetric state, the voltage 

stress and the switches loss are higher. In this condition, the 

generation of the different values of DC voltage is more 

complex than the symmetric topology. 

 

II. POWER LOSS CALCULATIONS 

 

The loss of a power electronic converter is the summation 

of all its semiconductor devices power losses. A 

semiconductor device loss can be studied in three conditions: 

1) when the device blocks current (OFF mode) by assuming 

that the leakage current is negligible [12], the loss can be 

ignored. 2) when the device conducts (ON mode). 3) when 

the device is in switching mode (transient from ON to OFF 

mode or vice versa). Therefore, the proposed inverter losses 

include the conduction and the switching loss. 
 

A. Conduction Loss 

Power transistors, which are utilized in the proposed 

topology, can conduct in two directions and block in one 

direction. The conduction loss of the conventional transistor 

and diode can be given as [13], according (14) and (15). 

 

      ,c Transistor T Tt V R i t i t    (14) 

  

      ,c Diode D Dt V R i t i t   (15) 

 

where:  ,c T t  = Conduction loss of transistor 

 ,c D t  = Conduction loss of diode 

VT  = Voltage drop on transistor in ON mode 

VD = Voltage drop on diode in ON mode 

RT  = Resistance of transistor in ON mode 

RD  = Resistance of diode in ON mode 

  = Constant corresponds to transistor characters 

 

As mentioned in the previous section, the conduction of the 

switches depends on the instantaneous load current  Li t . It 

also depends on the output voltage level and the load current 

polarity, the transistor or the parallel diode. At each moment, 

the number of conductive transistors and diodes are ND(t) and 

NT(t) respectively. By using (14) and (15), the average 

conduction loss can be derived as: 
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where:  Eon,j = Turn on energy loss 
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ton  = Required time for the j-th switch to be turned 

on 

The switch current just after the switch is turned on, which  

is shown by I and Vo,j is the blocking voltage of the j-th switch 

at off state. Similarly, the energy loss of the j-th switch during 

turning off can be calculated as: 
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 (17) 

 

where:  toff  = Required time for the j-th switch to be turned 

off 

I´ = Switch current just before it starts to be turned 

off 

 

The switching loss is the function of the switch state 

changes and the modulation scheme. During a time period of 

one second, the state of the j-th switch is changed fj times, 

where fj is the switching frequency. Therefore, the total 

switching losses of the inverter can be evaluated as: 

 

,
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6

M
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  (18) 

 

Using (16) and (18), the total power losses can be 

calculated as: 

 

,losses c avg s     (19) 

 

After that, by employing (20), the efficiency of the inverter 

is equal to (21). 

 

cosoutP V I     (20) 

  

out out

in out losses

P P

P P



 


 (21) 

 

 The power losses of the proposed structure is compared 

with a number of symmetric multilevel topologies including 

the CHB and the recently introduced topologies. 

The loss of the proposed basic structure is calculated by 

simulation. The calculated power losses caused by every 

switch and diode are illustrated in Figure 5. Meanwhile, the 

efficiency of the proposed inverter and the recently 

introduced ones plus the symmetric CHB in the same 

conditions are shown in this figure. All of these simulations 

were carried out for nine-level output voltage using 

symmetric sources and SPWM scheme. In addition, the 

switching frequency is 450 Hz and the switches are loaded by 

80% of their rating i.e. 480 volts and 40 amps for the output 

power of the 8673 W and with pure resistive load. For the loss 

calculation, the data of IKFW60N60DH3E (600 V, 50 A) 

IGBT was used. As can be seen in Figure 5, the efficiency of 

the proposed topology is the highest. 
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Figure 5: Loss and efficiency of the structures 

 

III. COMPARISONS WITH OTHER STRUCTURES 

 

In this section, the proposed structure is compared with the 

other ones for symmetric voltage sources in the same voltage 

level. Although there are several strategies for asymmetric 

condition, comparisons for this condition were conducted 

based on one of them. Some of the most important parameters 

of the multilevel inverters are the switch, gate driver count 

and TBV. Other supplementary components like the 

heatsinks and snubbers directly increase the cost. The total 

Blocked Voltage (TBV) is defined as the sum of the 

Maximum Blocking Voltage (MBV) of each switch. It can be 

calculated as: 

 

1

M

Switch

TBV MBV


   (22) 

 

Multilevel inverter costs deal directly with the parameters. 

Higher number of switches, gate drivers and TBV will result 

in a higher cost of the inverter. Researchers endeavor to 

propose a structure with low total cost to be applicable in 

industrial applications. Inverter size deals with device counts: 

Lower device number causes lower size. 

The proposed topology in comparison with the recently 

introduced topologies has a lower number of switches for the 

same number of output voltage levels. Figure 6 presents a 

comparison in the switch count between the structure and 

other multi-level symmetrical converters for different voltage 

level. The slope of each curve in Figure 6 deals with the cost 

and the size of the relative structure. CHB structure is a set of 

several H-bridge units, which include a DC source and four 

switches. In CHB structure, H-bridge (adding two levels to 

output voltage) is increased by adding four switches to the 

structure. In other words, the slope of the switch count-

voltage level curve is two., in all other structures, the slope is 

approximately one. It means that the bulk number of the 

structures for increasing two levels, two switches are added 

to the structure. In the proposed structure, this slope is 0.75. 

In other words, to increase it to six levels, only four switches 

are added to our structure. It is clear that the proposed 

structure shows a remarkable improvement in the switch 

count reduction, especially in high voltage levels. Since the 

count of the drivers and other supplementary components are 

approximately proportionate to switch count, their number is 

reduced by decreasing the switch count. 
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Figure 6: Comparison of switch count in different multi-level inverter 
structures 
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Figure 7: Comparison of driver in different multi-level inverter structures 

 

Figure 7 shows variation of the driver count of the 

investigated structures in term of the level number. As shown, 

the use bidirectional switches structures of [12] and [21] are 

partially better than the proposed structure with respect to  the 

driver count. On the contrary, the proposed structure has less 

switch count and TBV in comparison with the mentioned 

structures for the same voltage level. 

TBV values of the proposed structure and other 

investigated structures are given in Table 2. These values are 

for the 15-level output voltage and 33-level output voltage in 

the symmetric and asymmetric topologies, respectively. In 

addition to TBV, the switch and driver counts were 

compared. In Table 2, some of the structures are discussed 

only in the symmetric state. It is because that they cannot 

operate in the asymmetric topology. TBV of the proposed 

structure is only more than the CHB structure. In other words, 

excluding the symmetric and asymmetric CHB structures, the 

proposed structure has the least TBV among the investigated 

structures. This upper hand of the CHB structures is due to 

the high count of the switches and the drivers, which is a 

drawback from the other point of views. According to Figure 

6 and 7, represented in Table 2, the proposed structure has the 

least count of switches and drivers for both symmetric and 

asymmetric topologies for all investigated structure. These 

comparisons were carried out for the same voltage level. 

 

IV. SIMULATION AND IMPLEMENTATION RESULTS 

 

The results of the simulation and implementation for the 

proposed multilevel inverter are presented in this section. 

There are many different modulation strategies for multilevel 

inverters, which can be generally classified as fundamental 

frequency switching and high frequency switching strategies. 

Among high frequency modulation strategies, SPWM and 

space vector techniques are the most famous ones while the 

staircase modulation, active harmonic elimination, and 

Selective Harmonic Elimination (SHE) can be mentioned for 

the fundamental frequency switching strategies. The 

proposed topology is compatible with all of these methods. 

 
Table 2 

 Comparative Parameters of Different Multilevel Inverters with Symmetric 15-Level and Asymmetric 33-Level Outputs 
 

NDriver TBV Nsource Ndiode NSwitch Nlevel   

28 28 7 0 28 15 Symmetric 
CHB 

20 64 5 0 20 33 Asymmetric 

18 42 7 0 18 15 Symmetric [11], 2014 

11 42 7 0 18 15 Symmetric [12], 2012 

16 46 7 0 16 15 Symmetric 
[15], 2015 

21 106 10 0 21 33 Asymmetric 

13 48 7 0 18 15 Symmetric 
[16], 2016 

15 152 9 0 22 33 Asymmetric 

13 50 7 0 20 15 Symmetric 
[17], 2017 

15 154 9 0 24 33 Asymmetric 

19 31 7 12 19 15 Symmetric [18], 2018 

16 42 7 0 16 15 Symmetric [19], 2015 

18 46 7 0 18 15 Symmetric [20], 2015 

11 70 7 0 16 15 Symmetric [21], 2017 

19 32 7 12 19 15 Symmetric 
[23], 2017 

14 70 5 8 14 33 Asymmetric 

13 52 7 0 16 16 Symmetric [25], 2012 

18 42 7 0 18 15 Symmetric 
[26], 2011 

16 96 7 0 16 33 Asymmetric 

11 58 7 0 16 15 Symmetric 
[27], 2019 

13 169 9 0 20 33 Asymmetric 

12 40 7 0 12 15 Symmetric 
Proposed 

12 94 7 0 12 33 Asymmetric 
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In this paper, the proposed structure, which is shown in 

Figure 8, is simulated using fundamental frequency switching 

method in MATLAB/Simulink. To validate and verify the 

simulation results, an experimental setup of the proposed 

structure by using fundamental frequency switching method 

has been implemented. The simulation and the 

implementation were conducted for symmetric 15-level and 

asymmetric 33-level topologies. The experimental 

implementation data are given in Table 3. An overview of the 

experimental setup can be seen in Figure 9. 
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Figure 8: Symmetric 15-level and asymmetric 33-level structures for 
simulation and implementation 

 

 
 

Figure 9: Overview of the experimental setup 

 
Table 3 

 Experimental Setup Data 
 

Specification Parameters 

4-16v DC Sources 

63-64v Output Voltage (Peak) 

1.8A Output Current (Peak) 

25  RLoad 

80mH LLoad 

IRFP 450 MOSFETs 

TLP 250 GATE Driver 

1N5408 Diodes 

Arduino Mega 2560 Controller 

A. Symmetric Topology 
In symmetric DC source mode, all input sources are equal 

to 1,1 2,1 3,1 1,2 2,2 3,2 9dE E E E E E V V       . In this 

situation, the output voltage peak which is 63 V that produced 

different voltage levels are given in Table 4. 

 
Table 4 

States of Produced Voltage Levels 
 

Switch States (1=on & 0=off) 
Level 

S11     S21     S31     S41     S12     S22     S32      S42      S5      S6 

0        1        0      1      0      1       0       1      1      0 7 

0        1        0      1      0      1       1       0      1      0 6 

0        1        0      1      1      0       0       1      1      0 5 

0        1        0      1      1      0       1       0      1      0 4 

1        0        0      1      1      0       0       1      1      0 3 

1        0        0      1      1      0       1       0      1      0 2 

1        0        0      1      1      0       1       0      1      0 1 

1        0        1      0      1      0       1       0      1      1 0 

1        0        1      0      1      0       1       0      0      1 -1 

1        0        0      1      1      0       1       0      0      1 -2 

1        0        0      1      1      0       0       1      0      1 -3 

0        1        0      1      1      0       1       0      0      1 -4 

0        1        0      1      1      0       0       1      0      1 -5 

0        1        0      1      0      1       1       0      0      1 -6 

0        1        0      1      0      1       0       1      0      1 -7 

 

The output voltage and current using fundamental 

frequency switching method for an inductive-resistive load 

are shown in Figure 10. In this figure, the 15-level output 

voltage constructed by 9-volt steps can be seen together with 

the output current. The current lags the voltage by 45 degrees.  

 

 

(a) 

 

 

(b) 

 

Figure 10: 15-level output voltage and current waveforms and their THD 
for an R-L load using fundamental frequency switching: (a) simulation, and 

(b) experimental 
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Figure 10 (a) and (b) show the simulation and the 

implementation results, respectively. These are quite 

coincident between both results. The total harmonic 

distribution of the output voltage is presented in Figure 11. 

The value of THD is 4.89%. It is important to mention that 

this output voltage and THD are derived without the output 

filter. With respect to the THD value, the filter utilizing at 

inverter output is not required. 

 

 
 

Figure 11: Total harmonic distribution of the output voltage (THD) 
 

The generated voltage across the proposed cell-1 for the 

symmetric topology are shown in Figure 12. Also, the 

generated voltage across the proposed cell-2 for symmetric 

topology are shown in Figure 13. As illustrated in these 

figures, each cell generates voltage levels from1 to 3.  

The voltage across the H-bridge module is shown in Figure 

14. As mentioned, the H-bridge voltage includes positive 

levels only. Negative and zero levels are produced by 

switching off the H-bridge switches. 

 

 

(a) 

 

 

(b) 

 
Figure 12: Generated voltage for symmetric sources across cell-1: (a) 

simulation, and (b) implementation 

 

 

(a) 

 

 

(b) 

 

Figure 13: Generated voltage for symmetric sources across cell-2: (a) 
simulation, and (b) implementation 

 

 

(a) 
 

 

(b) 

 

Figure 14: Voltage across the H-bridge module for symmetric sources 
mode: (a) simulation, and (b) implementation 

 

B. Asymmetric Topology 

For the state of the asymmetric sources, the DC source 

voltage of cell-2 is assumed to be fourfold of DC source 

voltage of cell-1. In this condition, 18 levels will be added to 

the output levels. The input DC sources are presented by 

1,1 2,1 3,1 4dE E E V V    & 1,2 2,2 3,2 16E E E V   . In this 

situation, the output voltage peak was 64 V. 

The output voltage and current of using fundamental 

frequency switching method for an inductive-resistive load 
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are shown in Figure 15. This 33-level inverter with 

asymmetric topology operates properly. The output voltage 

constructed by 4 V steps. Figure 15 (a) and (b) show the 

simulation and the implementation results, respectively. 

These are quite coincident between both results. The total 

harmonic distribution of the output voltage is presented in 

Figure 15 (c). The THD has an appropriate value and is equal 

to 1.98%, which is a suitable value for the total harmonic 

distortion of the output voltage.  

 

 

(a) 

 

 

(b) 
 

 

(c) 

 
Figure 15: 33-level output voltage and current waveforms and their THD 

for an R-L load using fundamental frequency switching: (a) simulation, (b) 

experimental, and (c) voltage THD 

 

The generated voltage by the proposed cell-1 and cell-2 for 

asymmetric topologies are shown in Figure 16. For the 

considered asymmetric DC sources, cell-1 produces voltage 

level from 1 to 3. Cell-2 produces voltage level 4, 8, and 12. 

Other output voltage levels are produced by composing the 

generated voltage levels and Vd. Agreement between the 

simulation and the implementation results is clear in Figure 

16. 

 

 

(a) 

 

 

(b) 

 

 

(c) 
 

 

(d) 
 

Figure 16. Generated voltage for asymmetric topology across cell-1 and 
cell-2: (a) cell-1 simulation, (b) cell-1 implementation, (c) cell-2 

simulation, and (d) cell-2 implementation 

 

The voltage across the H-bridge module is shown in Figure 

17. Similar to symmetric condition, the H-bridge voltage 

includes positive levels in the asymmetric topology and the 

negative and zero levels are produced by switching off             

the H-bridge switches. There are quite coincident between the 

results. 

As it can be seen, the provided results confirm that the 

proposed multilevel inverter is able to generate the desired 

output voltage waveform. These figures show good 

agreements in the simulation and experimental results. 
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(a) 

 

 

(b) 

 

Figure 17: Voltage across the H-bridge module for asymmetric topology: 
(a) simulation, and (b) implementation 

 

V. CONCLUSION 

 

In this paper, a new basic cell is introduced for multilevel 

inverters. Then, a new structure is introduced by cascade 

connecting of a certain number of basic cells. The proposed 

structure is based on the H-bridge and, it is capable of 

operating in both symmetric and asymmetric topologies. 

Comparing the proposed structure with the recently proposed 

multilevel inverter structures in terms of power loss and 

efficiency, the number of switches, number of gate drivers, 

and total blocking voltage indicate that the proposed structure 

is a more suitable option and will require lower number of 

switches and lower volume and cost. A lower number of 

required devices lead to the reduction of the total 

implementation cost of converter. In addition, the 

implementation and control will be simple. The results of the 

laboratory implementation for both symmetric and 

asymmetric topologies indicate the suitable performance of 

the proposed structure and the complete agreement with the 

simulation results. 
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