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Abstract:  The study of single phase Switched Capacitors Multi 

Level Inverter (MLI) is used with Switched Capacitor Converter 
(SCC) units. The SCC is used to increase the input DC voltage by 
connecting capacitor in string and shunt. This increassed DC link 
voltage is converted in to multilevel i.e. 49 level AC output. This 
SCMLI topology is used to reduce the number of switches, diodes, 
isolated dc power supply and Total Harmonic Distortion (THD). 
The SCMLI provides 49 level output voltage using 14 power 
switches and 3 isolated power supply. The performance of the 
SCMLI topology is confirmed by using MATLAB simulation 
result. 

Index Terms: Boosted Voltage, Multilevel Inverter, Multiple 
DC links, Switched-Capacitor Converters and Tata Harmonic 
Distortion (THD).  

I. INTRODUCTION 

  Nowadays multilevel inverters are increasing attention in 
industry and in electronic power conversion for high power 
application [2]. These converter applications are commonly 
seen in the growing groups of companies in the field. They 
promote the production from photovoltaic system to 
electrical grid [1]. In photovoltaic system is compared with 
other energy source, the current reaches focused with reduced 
manufacturing cost and increasing the production in overall 
system. These multilevel topologies are used in single phase 
converters [3].The multilevel inverter includes power 
semiconductors and capacitors voltage sources [4]. The 
advantage of using multilevel inverters is to increase the 
number of levels in the system and to improve harmonic 
content in the output waveform[5,6] and it also include high 
quality power with wide ranges of operation. Multilevel 
inverters is classified into three main topology namely 
neutral pointer (NPC), flying capacitor and cascaded 
multilevel (CM) [7, 8].The other technical aspects for the 
development of the multilevel inverter are modular 
realization, high availability, failure management and 
investment and life cycle cost [10].The drawbacks of 
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conventional MLI's are need of more components like diode, 
capacitor & switches in addition to more input voltage 
sources [11, 14, 15].The main disadvantage of conventional 
MLI is overcome by using sub multi level inverter. The sub 
multilevel inverter consists of H-bridge inverter with 
switched capacitor. The level of output voltage increased by 
increasing the components still again [12-[13]. The terms of 
number of power switches, power rating of switches and 
switching losses cannot be calculated by presenting the 
mathematical formulas. The multilevel inverters are cost 
effective and also efficient solution for high power to 
medium voltage DC-AC conversion.[11].The main objective 
of SCC is to reduce THD value below 3% comparing other 
technique [16] [17]. The SCMLI structure is based on the 
proposed by SCC models. These are introduced to get high 
voltage level (even to odd) than existing developed topology. 
The SCMLI system does not need any H-bridge cell. The 
THD of SCMLI is reduced by increasing the number of level, 
but by increasing the level it leads to complexity of the 
circuit. The usages of these converters in various applications 
are Variable speed motor drives, High voltage system 
interconnections, Converter with harmonic distortion 
capacitor and Sinusoidal current rectifier. 

II. PROPROPOSED SWITCHED CAPACITOR MLI 

  The proposed SCMLI system provides 49 level output 
voltage. This is obtained by 3 isolated dc power supply with 
the help of switched capacitor multilevel inverter (SCMLI) 
topology. In this system pure sinusoidal waveform is obtain 
with the output waveform. This topology is used for reducing 
the THD  of the system. 
 

 
 

Fig.1 Representation Of 49 Levels With SCMLI 
Topology 

 
 
 
 

Simulation of Single Phase Switching Capacitor 
49 Level Inverter with Reduced THD 

Ramesh Babu A, D.N.S Ravi Kumar, Geetha V 

https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.F8035.088619&domain=www.ijeat.org


 
Simulation of Single Phase Switching Capacitor 49 Level Inverter with Reduced THD 

838 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number F8035088619 /2019©BEIESP 
DOI: 10.35940/ijeat.F8035.088619 
Journal Website: www.ijeat.org 
 

The figure 1 contains of 3 SCC and one SCMLI. Each SCC 
has two power switch, one diode and capacitor. This circuit 
diagram contains of 14 switches. These switches are 
classified into external switches and internal switches. It 
contains 8 external switches and 6 internal switches as seen in 
the SCC. Each MOSFET have  internal diode in parallel with 
a series RC snubber circuit. 
A) Switch Capacitor Converter (SCC)  
 

 
 

Fig.2 Construction of single SCC 
  The switching in SCC is classified into two modes namely 
hard switching and soft switching. The SCC contains of two 
MOSFET and one Diode. This proposed circuit is called 
basic unit. The circuit consists of dc power supply, one 
capacitor, one passive power diode and two active power 
switches. On the other hand these inverters are having three 
similar SCC units in the proposed SCMLI, with two isolated 
dc voltage sources and 2n capacitors are needed .Three dc 
voltage sources are utilized in the switching pattern 
(asymmetrical). 

 
B) Switching Pattern 
 

Table 1 Switching Pattern of the Proposed SCMLI 
s 

Voltage 
Level 

Switching devices Switching Voltage 

1 SD1,SD2,SD, SD1' 0 
2 SB,SU2,SU,SU1',SD1 VDC2 
3 SA,SU2,SU,SU1',SD1 VDC,VDC2 
4 SA2,SU1,SU2,SU, SD1' 3VDC,3VDC2 
5 SU,SU2,D,SA,SB,SD1,SD1' 3VDC 
6 SA,SA2,SU2,SU,SD1,SD1',D2 VDC,VD2,3VDC 
7 SB2,SU1,SU2,SU,SD1' VDC2,3VDC2 
8 SB,SB2,SU2,SU,SD1,SD1' VDC2,3VDC2 
9 SA,SB2,SU2,SU,SD1,SD1' VDC,VD2,3VDC2 

10 SB1,SU,SU1',SD1,SD2 VDC3 
11 SA,SB1,SU1,SU,SD2,SU1',D,SB VDC3 
12 SB,SB1,SB2,SU1,SD2,SD1' VDC2 
13 SB1,SA1,SU,SD1,SD2,SD1' VDC3,3VDC,3DC2 
14 SA,SB1,SB2,SU1,SU,SD2,SD1',D VDC3,3VDC2 
15 SB,SB1,SB2,SU1,SU,SD2,SD1' VDC2,VDC3 
16 SB1,SB2,SU,SD1,SD2,SD1' VDC3,3VDC2 
17 SA,SA1,SU1,SU,SU1',SD2, D, B, SU VDC1,VDC3 
18 SB,SA1,SU1,SU,SU1',SD2 VDC2,VDC1,VD3 
19 SA1,SU,SU1',SD1,SD2 VDC1,VDC3 
20 SA,SA1,SA2,SU1,SU,SD2,SD1',D,SB VDC1,VDC3,3VDC,3VDC2 
21 SB,SA,SA2,SU1,SU,SD2,SD1' VDC2,VDC1,3VDC,3VDC2 
22 SA1,SA2,SU,SD1,SD2,SD1' VDC1,VDC1,VD3,3VDC,3VDC2 
23 SB,SA1,SB2,SU1,SU,SD2,SD1',D,SB, VDC1,VDC3 
24 SB,SA1,SB2,SU1,SU,SD2,SD1' VDC2,VDC3,3VDC2 

Voltage 
Level 

Switching devices Switching Voltage 

25 SA1,SB2,SU,SD1,SD2,SD1' VDC1,3VDC2 
26 SB,SA1,SB2,SU1,SU,SD2,SD1' VDC2,VDC3,3VDC2 
27 SB,SA1,SB2,SU1,SU,SD2,SD1', D,SB VDC1,VDC3 
28 SA1,SA2,SU,SD1,SD2,SD1' VDC1,VD3,3VDC,3VDC2 
29 SB,SA,SA2,SU1,SU,SD2,SD1' VDC2,VDC1,VD3,3VDC,3VDC2 
30 SA,SA1,SA2,SU1,SU,SD2,SD1', D,SB VDC1,VDC3,3VDC,3VDC2 
31 SA1,SU,SU1',SD1,SD2 VDC1,VDC3 
32 SB,SA1,SU1,SU,SU1',SD2 VDC2,VDC1,VD3 
33 SA,SA1,SU1,SU,SU1',SD2, D,SB, SU VDC1,VDC3 
34 SB1,SB2,SU,SD1,SD2,SD1' VDC3,3VDC2 
35 SB,SB1,SB2,SU1,SU,SD2,SD1' VDC2,VDC3 
36 SA,SB1,SB2,SU1,SU,SD2,SD1' D,VDC3,3VDC2 
37 SB1,SA1,SU,SD1,SD2,SD1' VDC3,3VDC,3VDC2 
38 SB,SB1,SB2,SU1,SD2SD1' VDC2 
39 SA,SB1,SU1,SU,SD2,SD1' D,SB,VDC3 
40 SB1,SU,SU1',SD1,SD2 VDC3 
41 SA,SB2,SU2,SU,SD1,SD1' VDC,VDC2,3VDC2 
42 SB,SB2,SU2,SU,SD1,SD1' VDC2,3VDC2 
43 SB2,SU1,SU2,SU,SD1' VDC2,3VDC2 
44 SA,SA2,SU2,SU,SD,SD1',D1 VDC,VD2,3VDC 
45 SB,SA2,SD1,SU2,SU,SD1' 3VDC 
46 SA2,SU1,SU2,SU,SD1 3VDC,3VDC2 
47 SA,SU2,SU,SU1',SD1 VDC,VDC2 
48 SB,SU2,SU,SU1',SD1 VDC2 
49 SD1,SD2,SD,SD1 0 

 
  The above table 1 denote the switching pattern of 49 level 
inverter. The switching pattern explains in detail about the 
operation of the proposed SCMLI. In level1 operation SD1, 
SD2, SD, SD1' switches are conducting. In this mode of 
operation, no voltage source is connected. In level2 operation 
the order of switches SB, SU2, SU, SU1 and SD1 are 
conducting. In this mode of operation source VDC2 is active. 
In level3 of the inverter, the order of operating switches are 
SA, SU2, SU, SU1' and SD1.In this mode VDC and VDC2 
sources are active. When level4 operation begins the switches 
SA2, SU1, SU2, SU, SD1' and the sources 3VDC, 3VDC2 
are active. When level5 of the converter working with the 
switches SB, SA2, SD1, SU2, SU, SD1', 3VDC source is 
active. In level 6 the order of operation of switches is SA, 
SA2, SU2, SU, SD, D1, SD1'. VDC, VDC2, 3VDC sources 
are active in this mode. When the 7th level voltage is applied 
to the inverter, the order of operation of switches are SB2, 
SU1, SU2, SU, SD1', only VDC2, 3VDC2 sources are active. 
When the 8th level voltage is given to the inverter then the 
operating switches will be SB, SB2, SU2, SU, SD1, 
SD1'.Three source voltages VDC, VDC2, 3VDC2 are active. 
In 9th level voltage is applied to the inverter, the order of 
active switches are of SA, SB2, SU2, SU, SD1, SD1'. The 
active voltage sources of the 9th level are VDC, VD2, and 
3VDC2. When the 10th level operation starts the order of 
active switches are SB1, SU, SU1', SD1, SD2 .In this mode of 
operation VDC3 source is active. In 11th level the order of 
operation will be SA, SB1, SU1, SU, SD2, SD1', D and SB. 
In this mode only VDC3 source is active. In 12th level the 
operation will be SB, SB1, SB2, SU1, SD2 and SD1’ during 

this mode of operation switching voltage source VDC2 is 
active. In 13th level order of the switches under on condition 
will be SB1, SA1, SU, SD1, SD2, SD1'. In this mode of 
operation the active voltage sources are VDC3, 3VDC, 3DC2. 
In level 14  switches inn active condition are SA, SB1,SB2, 
SU1, SU, SD2, SD1'. VDC3, 3VDC2 sources are active.  
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In 15th level SB, SB1, SB2, SU1, SU, SD2, SD1' switches are 
active. In 16th level  active switches are SB1, SB2, SU, SD1, 
SD2, SD1'and active voltage sources are VDC3, 3VDC2 .In 
17th  level order of switches under on condition are  SB, SU2, 
SU, SU1 and SD1. In this mode of operation VDC2 is active. 
Under 18th level the order of operation will be SA, SU2, SU, 
SU1' and SD1.In this mode of operation VDC and VDC2 
sources are active. In 19th level switches under on condition 
are SA2, SU1, SU2, SU and SD1'.The voltage source active 
are 3VCD1 and 2VDC2. In level 20 order of the switches will  
be SA, SA1, SA2, SU1, SU, SD2, SD1', SB. In this mode of 
operation VDC1, VDC3, 3VDC, 3VDC2 sources are active.  
   In level 21 active switches are SB, SA, SA2, SU1, SU, SD2, 
SD1', sources VDC2, VDC1, VD3, 3VDC1, 3VDC2 are 
active. In level 22 the order of switches are SA1, SA2, SU, 
SD1, SD2, and SD1’ are active. In this mode of operation 

VDC1, VDC1, VD3, 3VDC1, 3VDC2 sources are active. In 
23rd level voltage operation will begin with switches SB, 
SA1,SB2,SU1,SU,SD2,SD1’, D,SB. The sources VDC1, 

VDC3 are active. In 24th level the voltage path will be SB, 
SA1, SB2, SU1, SU, SD2, SD1'.The voltage sources  VDC2, 
VDC3, 3VDC2  are active .In 25th level order of switches are 
SA1, SB2, SU, SD1, SD2, SD1'. In this mode of operation 
VDC1, 3VDC2 are active. In 26th level the order of operation 
will be SB, SA1, SB2, SU1, SU, SD2, SD1'. In this mode of 
operation the voltage sources VDC2, VDC3, 3VDC2 are 
active. In 27th level the operation will be SB, SA1, SB2, SU1, 
SU, SD2, SD1' D, SB. Voltage sources like  VDC1, VDC3  
are active. In 28th level order of the active switches are SA1, 
SA2, SU, SD1, SD2, SD1'. In this mode of operation sources 
VDC1, VD3, 3VDC1, 3VDC2 are active. In 29th level the 
active switches are SB, SA, SA2, SU1, SU, SD2, SD1'. In this 
mode of operation VDC2, VDC1, VD3, 3VDC1, 3VDC2 are 
active. I n 30th level the order of operation will be SA, SA1, 
SA2, SU1, SU, SD2, SD1', D, SB. In this mode of operation 
sources VDC1, VDC3, 3VDC1 are active. 
  In 31st level operation of the switches are SA1, SU, SU1', 
SD1, SD2. The voltage sources VDC1, VDC3 are active. In 
32nd level voltage the order of switches are SB, SA1, SU1, 
SU, SU1', SD2 .In this mode of operation VDC2, VDC1, 
VD3 are active. In 33rd level order of operation will be SA, 
SA1, SU1, SU, SU1', SD2 .In this mode VDC1, VDC3 
sources are active. In 34th level switches in on condition are 
SB1, SB2, SU, SD1, SD2, SD1’ and during this level active 

voltage sources are VDC3, 3VDC2. In 35th level the order of 
the switches will be SB, SB1, SB2, SU1, SU, SD2, SD1’. In 

this mode of operation   voltage sources VDC2, VDC3 are 
active. In 36th  level the order of switches in on state are SA, 
SB1, SB2, SU1, SU, SD2, SD1'.In this mode of operation 
VDC3, 3VDC2 are active. 

In 37th level the order of operation will be SB1, SA1, SU, 
SD1, SD2, SD1'. In this mode of operation voltage sources 
VDC3, 3VDC, 3DC2 are active. In 38th level the operation of 
the switches will be SB, SB1, SB2, SU1, SD2, SD1', voltage 
source VDC2 is active. In 39th level volt order of switches 
will be of SA, SB1, SU1, SU, SD2, SD1' and the voltage 
source active is VDC3 .In 40th level the order of switches in 
on states are SB1, SU, SU1', SD1, SD2 . In this mode of 
operation VDC3 is active. When 41st level the order of 
operation of the switches is SA, SB2, SU2, SU, SD1, 
SD1'and active voltage sources are VDC, VD2, 3VDC2. In 
42nd level the operation will be SB, SB2, SU2, SU, SD1, and 
SD1’ and voltage sources VDC2, 3VDC2 are active. In 43rd 
level the order of the switches will of SB2, SU1, SU2, SU, 
SD1'. In this mode of operation VDC2, 3VDC2 are active. In 

44th level the order of switches are SA, SA2, SU2, SU, SD, 
SD1'. In this mode of operation VDC, VD2, 3VDC1, are 
active. 

 In 45th level the order of operation will be SB, SA2, SD1, 
SU2, SU, SD1'. In this mode of operation voltage source 
3VDC1 is active. In 46th level the operation will be SA2, SU1, 
SU2, SU, and SD1. Voltage sources 3VDC1, 3VDC2 are 
active. In 47th level the order of switches are SA, SU2, SU, 
SU1', SD1. In this mode of operation voltage sources VCC, 
VDC2 are active. In 48th level the order of switches are SB, 
SU2, SU, SU1', SD1. In this mode of operation VDC2 is 
active. In 49th level the order of operation will be SD1, SD2, 
SD, and SD. 

III. SIMULATION RESULT 

The proposed SCMLI simulation diagram is shown in 
figure 3. It is made up of MOSFET, Diode, capacitor and 
three separate DC source. The separate DC source values are 
1, 3, 9 volt. The driving pulses of the SCC switches and 
external switches are generated by using look up table. The 
look up table is created by using repeating table. The level of 
the output voltage is verified by using scope, which is 
connected across the R-load.  

 

 
 

Fig.3 Simulation of SCMLI (49 level) 
 

 
 

Fig.4 Simulation result of proposed 49 level SCMLI 
 
Output waveform of the simulated SCMLI is seen in the 

Fig 4. The THD value obtained in 49 level inverter is 1.86%.  
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By using 2 isolated switches the THD value is 5.5%. By 
comparing both isolated switches THD value is lesser than 
3%. The above list [fig 5] obtained by FFT analysis. It 
contains sampling time for the system is 5e-005s, samples per 
cycle in the operation are 400 and fundamental range of the 
system is 22.29peak (15.76 rms). The maximum harmonic 
frequency used to calculate the THD in the range of 
9950.00Hz.This list also gives step by step frequency range 
with respective degree. 

 

 
 

Fig 5 THD Value Of Proposed 49 Level SCMLI 
 

 
 

Fig 6 Simulation Of The17 Level Inverter  
   The description of the 17 level inverter and its simulation 

circuit is depicted in Fig 6 and the number of switched 
capacitor cell is two in 17 level and for 49 level the number of 
cell is three and its result of 17 level output voltage is shown 
in Fig 7.  

 
Fig 7 Simulation Result Of The 17 Level Inverter  

Table 2 Comparison of result of proposed 49 level 
SCMLI 

 
Sl. 
No 

Comparison 3  Isolated 
Switches 

2  Isolated 
Switches 

1 No of switches 14 10 

2 No of level obtain 49 17 

3 THD 1.86% 5.5% 

4 Output 1:3 1:3:9 

5 Voltage Level 49 level 17 level 

 
The comparison table between 17 level and 49 level is shown 
in table 2.The result comparison proves that the 49 level 
output shows the output with better THD and the output ratio 
is comparatively high compared to 17 level. 

IV. CONCLUSION 

The main advantage using this topology is to reduce the 
harmonic distortion in the output level this proposes a SCC 
topology with reduced number of switches. The SCC circuit 
proposed by binary asymmetrical algorithm as they are self 
balancing .The SCC units as dc link with only from the 
proposed system we can obtain14 active power switches, 
three isolated dc power supplies and three capacitors with 49 
level inverter.  This paper gives out switching characteristic, 
less power factor and 49 level output waveform. The 
proposed topology is used to reduce number of switches, 
diodes; total block voltage and cost of the system will be 
same of other topologies. Finally the performance of 
proposed 49 level SCMLI topology have been verified. 
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