
International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-5, May-2015 

Proceedings of 22nd IRF International Conference, 22nd March 2015, Pune, India, ISBN: 978-93-82702-81-8 

63 

MODELING AND SIMULATION OF SIX-LEVEL DIODE CLAMPED 
MULTILEVEL INVERTER

 
1NAINA M. MULANI, 2A. S. SINDEKAR 

 
1P.G. Research Scholar, 2Head, Department of Electrical Engineering, Government College of Engineering, Amravati, India. 

E-mail: naina.mulani9@gmail.com, assindekar@rediffmail.com 
 

 
Abstract- The paper presents modeling and simulation of six-level diode clamped multilevel inverter (DCMLI) for three 
phase power supply unit. The model presented consist of five series connected dc sources, a six-level DCMLI and a three 
phase induction motor as load. In order to validate the model simulation studies of two-level, three-level and six-level total 
harmonic distortion (THD) using Fast Fourier Transform (FFT) presented here.  
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I. INTRODUCTION 
 
Due to the large availability of solar energy, one of the 
relevant renewable energy resources, Photovoltaic 
(PV) (dc) sources have no supply limitations and 
future is predicted to become the biggest contributors 
to electricity generation. The multilevel inverter has 
been proven to be one of the important enabling 
technologies in photovoltaic (PV) (dc) utilization [1]. 
Comparing multilevel voltage source inverters with 
their conventional counterparts they offer several 
advantages. By creating the ac output terminal voltage 
from several levels of voltages staircase waveforms 
can be produced, which approach the sinusoidal 
waveform with low harmonic distortion. Hence, 
availability of dc sources on converter side has made 
multilevel technology more attractive for photovoltaic 
applications [2].However, the components required in 
multilevel are more as compared to conventional 
two-level inverter. 
 
The ability of multilevel inverter to operate at higher 
output voltages has made multilevel inverter 
considerable for high power application. The three 
basic and most well-known topologies of multilevel 
inverter are the Cascaded H-Bridge Multilevel 
Converter (CHB), Neutral Point-Clamped Multilevel 
Converter (NPC) and the Flying Capacitor Multilevel 
Converter (FCC). For industrial applications these 
three basic topologies have been widely accepted [3]. 
Among three types of these converters diode clamped 
inverter has less number of capacitor as compared to 
dc link with the same capacity per unit, but requires 
additional clamping diodes. Flying capacitor inverters 
require large number of capacitors, where cascaded 
inverters are considered as having the simplest 
structure. Cascaded H-bridge multilevel inverter for 
PV power supply system is proposed for stand-alone 
and grid-connected operations [4]-[8]. Comparing 
H-bridge multilevel inverters and diode-clamped 
multilevel inverters (DCMLIs), the latter shares same 

dc level and former require too many separate dc 
sources for each phase. Hence, there is decrease in dc 
cabling and losses on the dc side in DCMLI.  
Fuel cell and wind turbine as proposed in [9], for 
three-phase power supply system a single-stage dc to 
ac multilevel inverter is presented in this paper. To 
develop a low cost, reliable and efficient power supply 
unit is the main objective. Using low voltage 
MOSFETS as switching devices a six-level DCMLI is 
used in the referred topology. 
 
II. MULTILEVEL INVERTER 
 
To create a sinusoidal voltage from several levels of 
voltages is the general structure of the multilevel 
inverter. The so-called “multilevel” starts from 
three-levels. The main advantages and disadvantages 
of multilevel inverter are: 
 
Advantages: 

 For the fundamental switching frequency 
multilevel inverter has high efficiency. 

 At the desired level the capacitor can be 
pre-charged together. 

 As all phases share a common dc link the 
capacitor required by the inverter is reduced. 

Disadvantages: 
 Due to relation between number of diodes and 

number of levels packaging of inverter with a 
high number of levels could be a problem.  

  Inverter requires uneven rating in the diodes.  
 Without the appropriate control DC level tends 

to be irregular.  
 
A few applications using Multilevel Diode Clamped 
Inverter are: 

 Static VAR compensation. 
 High power medium voltage variable speed 

drives. 
 An interface between High voltage Dc 

transmission line and AC transmission line. 
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III. CIRCUIT TOPOLOGY FOR SIX-LEVEL 
DCMLI  
 
A diode – clamped (m-level) inverter (DCMLI) 
typically consists of (m-1) capacitor on the dc bus and 
produces m levels on the phase voltages. The referred 
six-level DCMLI powered by five dc sources which 
drive a three phase induction motor is shown in fig. 1.  
 
The numbering order of the switches is Sa1, Sa2, Sa3, 
Sa4, Sa5, S’a1, S’a2, S’a3, S’a4, S’a5. The dc bus voltage 
consists of five capacitors C1, C2, C3, C4 and C5. An 
m-level inverter leg requires (m-1) capacitors, 2(m-1) 
switching devices and (m-1) X (m-1) clamping 
diodes. A common dc bus is shared by each phase of 
the inverter, which has been subdivided by five dc 
sources into six levels; Vdc is the voltage across each 
DC source. 
 

 
Fig. 1. PV module as dc source connected to three phase six-level 

DCMLI 

TABLE I.  DCMLI VOLTAGE LEVELS AND SWITCHING STATES 
Volt-age Va Switch State 

Sa1 Sa2 Sa3 Sa4 Sa5 Sa’1 Sa’2 Sa’3 Sa’4 Sa’5 
V5=5Vdc 1 1 1 1 1 0 0 0 0 0 

V4=4Vdc 0 1 1 1 1 1 0 0 0 0 

V3=3Vdc 0 0 1 1 1 1 1 0 0 0 

V2=2Vdc 0 0 0 1 1 1 1 1 0 0 

V1=Vdc 0 0 0 0 1 1 1 1 1 0 

V0=0 0 0 0 0 0 1 1 1 1 1 

 
For one phase of the inverter, the possible output 
voltage levels are listed in Table 1, with V0 as 
reference. The switch is on for switching state 1 and 
off for switching state 0.  

 

 
Fig. 2. Line to Neutral voltage waveform for a six-level DCMLI. 

One of the three line to neutral voltage waveform for 
six-level DCMLI is shown in Fig. 2. The resulting line 
voltage is an 11-step staircase waveform.  
 
The line voltage Vab consists of phase leg a voltage and 
phase-leg b voltage. This means that an m-level 
diode-clamped inverter has an (2m-1) level output line 
voltage and a m-level output phase voltage. 
 
SIMULATION RESULTS 
 
Matlab/Simulink software package is used for 
simulation implementation. The three-phase line 
voltages shown in Fig.3. demonstrate that the current 
waveform is almost sinusoidal.  
 
The harmonic spectrum of the DCMLI output voltage 
for 50 Hz revealed elimination of the fifth-order 
harmonic, as shown in Fig.4. 
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Fig. 3. Line voltage waveforms of the DCMLI output for 50 Hz. 

 

 
Fig. 4.  THD spectrum of the output voltage. 

 
As shown in Fig. 5. the fifth order harmonic has a 
significant magnitude. In order to eliminate the fifth 
order harmonic, the switching angles are needed to be 
varied. 
 
In the referred topology, pulse width modulation 
(PWM) strategies are modified to use in multilevel 
inverters. For controlling the active devices in a 
multilevel inverter, a two-level multilevel 
carrier-based PWM technique has been extended. The 
most admired and easiest technique to implement uses 
several triangular carrier signals and one reference. 
The PWM method generates switching signals by 
comparing one sinusoidal signal and five triangular 
wave signals, which have DC bias for each voltage 
level. In this modulation method, the ratio of the sine 
wave amplitude to the triangular carrier signal 
amplitude is used to determine the duty cycle of each 
voltage level. That is, modulation factor is determined 
by sine wave amplitude, and one modulation factor 
generates only one pattern of output pulse width. 
 
Using PWM modulation explained above, simulations 
has been conducted. By triangular and sinusoidal 
wave comparison in Matlab/Simulink blocks the gate 
signals of six-level DCMLI power circuit are 
produced. The three-phase current shown in fig. 3. are 
in sinusoidal shape and have very low THD level in 
lower switching frequency. A fast Fourier transform 

(FFT) is applied to obtain the spectrum of the output 
voltage and also total harmonic distortion (THD) level 
of the waveform, which is shown in Figure 4. The 
THD of the output voltage is 12.91%, which shows 
that lower order harmonics have been eliminated. The 
harmonic spectrum of six-level DCMLI is shown in 
fig. 5. 
 

 
Fig. 5. Harmonic Spectrum of Line Voltage of six-level inverter. 
 

TABLE II.  SIMULATION PARAMETERS 
Switching 

frequency 
2400 Hz 

Power Frequency 50 Hz 
DC Bus voltage 120 V 
Power 250 VA 

 
TABLE III.  COMPARISION OF THD LEVEL 

DIODE CLAMPED 
MULTILEVEL 

INVERTER 

% 
THD  

2-LEVEL 70.01 
3-LEVEL 36.80 
6-LEVEL 12.91 

 
CONCLISIONS 
 
The simulation results of three phase six-level diode 
clamped multilevel inverter fed Induction Motor 
within PWM technique are obtained through 
MATLAB/SIMULINK. It is observed that as the 
numbers of voltage levels of inverter are increased the 
THD of inverter reduces, reducing the lower order 
harmonics. The referred six-level DCMLI presents 
several advantages. First, it converts power from 
relatively low dc voltage source to ac. Second, in order 
to have high efficiency and lower weight of overall 
system it increases output voltage levels without any 
transformer. Third, as higher order harmonics are 
eliminated it does not require an output filter.   It is 
found that at switching frequency of 2000 Hz and 
2400 Hz, THDs are 13.04% and 12.91% respectively. 
Multilevel inverters solve harmonics as well as avoid 
possible high frequency switching induced motor 
failures.  
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