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Multilevel Inverter (MLI) is a converter that converts DC power source into AC power source 

with voltage output more than 2 levels. The conventional 5-level Multilevel Inverter Topology 

that is developing today generally uses eight power switch components. In this paper, research 

Topology multilevel inverter 5 levels was conducted by reducing the power switch components 

into four pieces and assisted by two diode clamps and capacitor as voltage coupling. PWM 

(Pulse Width Modulation) technique used to utilize multicarrier modulation. Simulation testing 

with MATLAB conducted has been verified with the results of hardware tests where the output 

voltage shows similarity of shape at the output voltage MLI 5 levels. The results and discussion 

of the proposed topology can provide economic benefits from the use of the number of power 

switch components (MOSFET) compared to conventional 5-level MLI topology. 
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INTRODUCTION 

The development of power electronics makes it possible to 

produce efficient and economical generation, processes and use 

of electrical energy. Power electronics are defined as electronic 

applications that focus on the regulation of electrical equipment 

by changing electrical parameters (current, voltage, frequency 

and electric power). Nowadays, Multilevel Inverter has attracted 

great interest in the high power industry, with the various 

advantages of this widely applied power electronics equipment 

such as: DC Resource Utilization, Uninterruptible Power 

Supplies, Direct Voltage Power Transmission (HVDC), variable 

frequency drive system, Air Conditioner and others[1]. 

 

Multilevel Inverter (MLI) is a converter that converts a DC power 

source into an AC power source where the output form of voltage 

is more than two levels (three levels, five levels, seven levels and 

etc). Many output levels can be set with some semiconductor 

switches on the power circuit. The growing Multilevel Inverters 

can be recognized based on their architecture (topology) such as 

diode clamped, flying capacitor and cascade H-bridge. They are 

three multilevel inverter structures known in industrial 

applications with separate DC sources. The advantage of diode 

clamped and flying capacitor is these two use a voltage balancer 

with a capacitor, so that for many voltage levels at DC sources it 

can be minimized [2]–[7].  

Conventional 5-level MLI requires eight switches to split two DC 

sources separately [7]. The next 5-level of MLI topology are 

widely proposed techniques and methods in reducing the number 

of components used [8]–[12]. In this research, we designed a 

multilevel 5-level inverter using four switches to chop two DC 

sources at positive polarity and negative polarity assisted by two 

clamp diodes and capacitors as voltage couplings[13], to analyze 

the harmonics produced by PWM (Pulse Width Modulation) 

techniques used to make use of multicarrier modulation. 

According to the obtained result, the proposed topology can 

reduce the cost and amount of components used in the existing 

Topology. 

 

Table 1. Components of MLI 5 level 

Type of MLI  Number 

of power 

switch 

Number 

of diode  

Number of 

capacitor  

Dioda Clamped 8 12 4 

Flying Capacitor 8 - 10 

Cascade H-bridge 8 - - 

[4] 6 - 2 

[5] 5 4 - 

[6] 8 - 3 

[7] 5 1 2 

[8] 5 1 - 

Proposed design 4 2 2 

http://jnte.ft.unand.ac.id/
http://jnte.ft.unand.ac.id/
http://jnte.ft.unand.ac.id/
http://creativecommons.org/licenses/by-nc-sa/4.0/


HENDI MATALATA / JURNALNASIONAL TEKNIK ELEKTRO- VOL. 10 NO. 2 (JULY 2021) 

 

https://doi.org/10.25077/jnte.v10n2.831.2021   109 

MLI 5 LEVEL TOPOLOGY 

The development of MLI topology 5 levels is currently widely 

done in reducing the number of components in conventional MLI, 

validation of the number of components used is shown in table 1. 

 

METHOD 

Proposed Topology 

The proposed topology on a multilevel five-tier inverter was built 

using two DC sources, four power switch components, two diodes 

and two capacitors. The proposed set of topological power is 

shown in figure 1. 

 

V OUT
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S2

S3

S4

Vdc

Vdc

 
Figure 1. Topology MLI 5 Level 

 

From figure 1, it can be explained the work of the proposed 

Topology where there are two DC sources at the upper limit and 

at the lower limit, the upper limit DC source is used for positive 

cycle polarity while the lower limit DC source is used for negative 

cycle polarity [14]. The two capacitors are used as couplings at 

voltage levels from large DC sources, while two diodes are used 

as clamps from each DC source. The proposed topology for 

power switch components is shown in table 2 below. 

 

Table 2. Topology of switches MLI 5 level 

 

 

condition  

Existing condition  

of Switches  

 

Output voltage 

  

S1 

 

 

S2 

 

 

S3 

 

S4 

1 1 0 1 0 1/2 Vdc 

2 1 0 0 0 Vdc 

3 1 1 0 0 1/2 Vdc 

4 0 1 0 0 0 Vdc 

5 0 1 0 1 -1/2 Vdc 

6 0 0 0 1 -Vdc 

7 0 0 1 1 -1/2 Vdc 

8 0 0 1 0 0 Vdc 

 

To describe the output of the five topological levels proposed in 

figure 1, the model of positive cycle operation and negative cycle 

of the output voltage waves of each power circuit condition are 

shown in figure 2 below. 

 
a. Positive Cycle 

 
b. Negative Cycle 

 

Figure 2. Output Voltage Operation Model (a) Positive Cycle, 

(b) Negative Cycle 

 

From figure 2, it illustrates that the output voltage wave between 

the positive cycle condition and the negative cycle on the power 

circuit produces a five-level output as shown in figure 3 below. 

. 

 

 
Figure 3. Output voltage of MLI 5 level 

 

Pulse Width Modulation (PWM) 

To obtain PWM waves, first generate reference waves 

(Vreference) and carrier waves (Vcarrier) [16]– [21], then both 

waves are compared to form the following reasoning model: 

a. If Vreference > Vcarrier, then the pulse is produced in turning 

on conditions. 

b. If Vreference < Vcarrier, then the resulting pulse is turning 

off condition 

 

Figure 4 below shows the process of generating PWM waves. 

ton
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V

t
V
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Figure 4. PWM Process 
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𝐷 =
𝑡𝑜𝑛

(𝑡𝑜𝑛+𝑡𝑜𝑓𝑓)
  (1) 

 

Total Harmonic Distortion (THD) 

Previous researches of MLI technology have been done to obtain 

MLI 5-level output voltage. The main technology in developing 

Multilevel Inverter is how to modify the pattern of output level 

approaching sinusoidal waves. With a fourier series, the harmonic 

components are expressed in the following equation: 

 

𝑉0(𝜔𝑡) = 𝑉0 + ∑ (𝑎𝑛
∞
𝑛=1 sin 𝑛 𝜔𝑡) + ∑ (𝑏𝑛

∞
𝑛=1 cos 𝑛 𝜔𝑡)  (2) 

 

THD represents the magnitude of distortion or deviation of a 

wave containing harmonics expressed in percent (%) formulated 

as follows: 
 

𝑇𝐻𝐷 =
√𝑉2

2(𝑟𝑚𝑠)  + 𝑉2
3(𝑟𝑚𝑠)+ 𝑉2

4(𝑟𝑚𝑠)+⋯+ 𝑉2
𝑛(𝑟𝑚𝑠)

𝑉1(𝑟𝑚𝑠)
   (3) 

 

            =
√𝑉2

𝑟𝑚𝑠−𝑉2
1(𝑟𝑚𝑠)

𝑉1(𝑟𝑚𝑠)
   (4) 

where:   

V1(rms) = effective voltage harmonic base 

Vn(rms) = harmonic effective voltage to – n 

 

As shown in figure 5, the each of DC source used has a voltage 

of 12 Volts that will be chopped into 5-level MLI output. For 

PWM wave generation is by comparing sine waves (Vreference) 

to DC waves (Vcarrier), the process of generating PWM waves is 

shown in figure 6 and the pattern of output voltage is shown in 

figure 7.    

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. PWM Process, (a) S1 (b) S2 (c) S3 (d) S4 

 

In Figure 6, it can be seen that PWM produced is S1 and S2 

having a delay due to the phase shift of sine waves (Vreferensi) 

of 1200. This phenomenon was similar to S3 and S4. The PWM 

switching pattern is used to chop the voltage source input from 

the proposed 5-level MLI topology. 

 

 
Figure 5. Simulation Model of MATLAB MLI 5 Level 
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Figure 7. MLI Output 5 Levels 

 

MATLAB simulation results that have been done large amplitude 

voltage obtained by 10 Volts, while the input of the source 

voltage of 12 Volts then drop the output voltage amplitude based 

on the input of dc source voltage by 16%, and a large harmonic 

output voltage of 33.31%. From several previous studies for MLI 

5 large levels of harmonic voltage were obtained 31.70%[7], 

35.19%[12], 35.51%[2], respectively. therefore it is necessary to 

conduct hardware testing as proof of the characteristics of the 

proposed 5-level MLI topology. 

 

EXPERIMENT 

In the proposed MLI topology hardware testing, the circuit 

requirements used were sine wave generation circuits, function 

generators, DC regulators, comparators, gate drivers, MOSFET 

and using two 6.5V batteries. The battery is a power source which 

was chopped as wave pattern into a multilevel inverter output. A 

series of hardware performances in this study are shown  

in figure 8. 

 

RESULTS AND DISCUSSION 

Simulink Model 

In this study, proposals were discussed using PWM techniques. 

Figure 5 below shows the 5-level MATLAB MLI  

simulation model. 

 

 

 
Figure 8. Series of MLI 5-Level Performance 

PWM Generation Process 

As described in figure 8, sine wave generation (Vref) uses IC LM 

358 with a frequency setting of 50.2 Hz and the amplitude of 10 

Volts, while the carrier wave generation (Vcarrier) uses a DC 

regulator with the voltage amplitude of 1.8 Volts. To compare 

these two waves in producing PWM waves, it needed IC 

Comparator LM 393, as for duty cycle produced by IC 

Comparator by 37.7% and frequency 50 Hz. Figure 9 shows the 

process of generating PWM process, while the PWM waves 

pattern was showed in figure 10.  

 

 
Figure 9. PWM Process 

 



HENDI MATALATA / JURNALNASIONAL TEKNIK ELEKTRO- VOL. 10 NO. 2 (JULY 2021) 

  https://doi.org/10.25077/jnte.v10n2.831.2021 112 

 
Figure 10. PWM Waves 

 

Testing of Gate Driver MOSFET 

To chop    the battery DC input voltage on the proposed MLI 

topology power circuit, the PWM waves as the dissolving of 4 

MOSFET components each have the similar duty cycle size and 

have a delay difference of 2.5 ms at a frequency of 50 Hz. As 

developed by F.F and M.I Hamid [15], to avoid the heat effect on 

the MOSFET the backflow at the time of signaling does not result 

in a heat effect, the output of PWM waves is made isolated from 

the system.  The pattern of gate driver for each MOSFET (S1, S2, 

S3 and S4) was showed in a row in figure 11 and figure 12. 

 

 
Figure 11. Gate Driver S1 and S2 

 

 
Figure 12. Gate Driver S3 and S4 

MLI 5 Level 

After obtaining the MOSFET gate driver, testing and 

measurement on the proposed 5-level MLI topology was done. 

The topology MLI - 5 level is a type of MOSFET IRFP 250N as 

power switch component. The hardware testing shown in figure 

13 and the results of hardware performance measurements for 

MLI 5 levels that have been performed are shown in figure 14. 

 
Figure 13.  Hardware testing 
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Figure 14. MLI 5 Level 

 

According to the results of the proposed 5-level MLI experiment, 

which is illustrated in figure 14, decreased the input voltage 6 

volts to be output voltage 5 volts. It can be concluded that the 

decreasing of amplitude voltage is 16.6%.  

CONCLUSIONS 

Matlab Simulation Results that have been conducted 

similar pattern of output voltage MLI 5 levels have been 

experimentally verified and similar results have been obtained. 

The characteristic topology of conventional 5-level MLI has a 

total of eight power switch components, with the proposed 5-level 

MLI topology able to reduce the number of power switch 

components using only four pieces. The results and discussion of 

the proposed topology can provide an economic advantage from 

the use of the number of power switch components (MOSFET). 
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