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Abstract— Switched capacitor converters have become more 

common in recent years. A multilevel inverter with a limited 

number of switching devices is proposed. That inverter consists 

of an H-bridge and an inverter which outputs of multilevel 

voltage by switching the DC voltage sources in series and in 

parallel. Then the researched inverter can huge numbers of 

voltage levels in the equal number of switching devices by using 

the conversion system. When we reduce the number of gate 

driving circuits, which leads to reduce the size and power 

consumption in the driving circuits. And also reduce the THD 

(Total Harmonic Distortion) of the output waveforms. Unlike 

traditional multilevel inverters, this topology does not require an 

external voltage balancing circuit, a complicated control scheme, 

or isolated dc sources to maintain its voltage levels while 

delivering sustained real power. The simulation results are 

carried by MATLAB/SIMULINK SOFTWARE. 
Keywords— Charge pump, multicarrier PWM, multilevel 

inverter, switched capacitor (SC).Introduction 

 

I. INTRODUCTION 

In the last few year’s electric vehicles (EVs), hybrid 

Electric vehicles (HEVs) are studied all over the world due to 

several advantages like increased fuel efficiency, lower 

emissions and better vehicle performance. These vehicles that 

have large electric drives[5]-[7] require advanced power 

electronic inverters to meet the high-power demands One of 

the limitation in these studies when the switching devices are 

operated at high voltage, switching frequency is restricted. 

The multilevel inverter has gained much attention in recent 

years due to its advantages in high power with low harmonics 

applications. 

Multilevel inverters overcome this problem because their 

individual devices have a much lower voltage per switching 

and they operate [11]-[15] at high efficiencies because they 

can switch at a much lower frequency than PWM-controlled 

inverters. A multilevel inverter can reduce the device voltage 

and the output harmonics by increasing the number of output 

voltage levels. For this reason, multilevel inverters can easily 

provide the high power required of a large electric drives. The 

inverter can be used in hybrid electric vehicles (HEV)[9],[15] 

and electric vehicles (EV). Several multilevel inverter 

topologies have been developed like flying capacitor, neutral 

point clamped, Cascaded H-bridge (CHB)[7]. Among these 

topologies, the cascaded H bridge inverter has received much 

attention. To increase the output voltage levels, the number of 

H bridges must be connected in cascade, hence greater 

numbers of power semi conductor switches are required. Each 

switch requires a related gate drive and protection circuits. 

This may cause the overall system to be more expensive and 

complex. A charge pump outputs a larger voltage than the 

input voltage with switched capacitors [7], [8]. 

 The proposed inverter does not have any inductors 
can be smaller than a conventional two-stage unit which 
consists of a boost converter and an inverter bridge, which 
make the system large. The structure of the inverter is simpler 
than [13] the conventional switched-capacitor inverters. THD 
of the output waveform of the inverter is reduced compared to 
the conventional single phase full bridge inverter as the 
conventional multilevel inverter. In this paper, an SC inverter 
whose structure is simpler than the conventional SC inverter 
is proposed. It consists of a Marx inverter structure and an H-
bridge. The proposed inverter can output larger voltage than 
the input [3] voltage by switching the capacitors in series and 
in parallel. The proposed inverter does not have any inductors 
which make the system large[14]. The output harmonics of 
the proposed inverter are reduced by the multilevel output. 

 

II. CIRCUIT DESCRIPTION 

A voltage source Vin is the input voltage source. A low 

pass filter is composed of an inductor L and a capacitor C. 

There are many modulation methods to drive a multilevel 

inverter:  

 

Fig. 1. Circuit topology of the switched-capacitor inverter using series/ 

parallel conversion 
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The space vector modulation the multicarrier pulse 
width modulation (PWM) the hybrid modulation the 
selective harmonic elimination and the nearest level control. 
In this paper, the multicarrier PWM method is applied to the 
proposed inverter. 
 

LIST OF THE ON –STATE SWITCHES ON EACH STATE 
 

Relation between es 

and ek 

On – state Switches  Ideal Bus 

Voltage Vbus 

es > e1 S1,S4, Sa1, Sa2 3Vin 

e1 ≥ es > e2 S1,S4, Sa1, Sb2, Sc2 2Vin 

e2 ≥ es > e3 S1,S4, Sb1, Sc1,Sb2, Sc2 Vin 

e3 ≥ es > e4 S2,S4, Sb1, Sc1, Sb2, Sc2 0 
e4 ≥ es > e5 S2,S3, Sb1, Sc1, Sb2, Sc2 -Vin 

e5 ≥ es > e6 S2,S3, Sb1, Sc1, Sa2 -2Vin 

e6 > es S2,S3, Sa1, Sa2 -3Vin 

 

 A voltage source Vin is the input voltage source. A 

low pass filter is composed of an inductor L and a capacitor C. 

There are many modulation methods to drive a multilevel 

inverter: the space vector modulation the multicarrier pulse 

width modulation (PWM) the hybrid modulation the selective 

harmonic elimination and the nearest level control. In this 

paper, the multicarrier PWM method is applied to the 

proposed inverter. 

 
 

(a) The current ibus does not flow in the capacitors Ck, 

 

(b)  All capacitors are connected in Parallel 

 

(c)  The capacitor C1 is connected in series and the capacitor C3 is 

Connected in parallel 

 

(d)  All capacitors are connected in series. 

Fig. 2. Current flow of the proposed inverter (n = 2) on each state 

of (a), (b), (c) and (d) 

There are many modulation methods to drive a multilevel 
Inverter: the space vector modulation the multicarrier pulse 

width modulation (PWM) the hybrid modulation the selective 

harmonic elimination and the nearest level control. In this 

paper, the multicarrier PWM method is applied to the 

proposed inverter. Fig. 2 shows the current flow in the 

proposed inverter (n = 2) and Fig. 3 shows the modulation 

method of the proposed inverter (n = 2).When the time t 

satisfies 0 ≤ t < t1 in Fig. 3, the switches S1 and S2 are driven 

by the gate-source voltage VGS1 and VGS2, respectively. While 

the switches S1 and S2 are switched alternately, the other 

switches are maintained ON or OFF state as shown in Fig. 3. 

Therefore, the states shown in Fig. 2(a) and (b) are switched 

alternately and the bus voltage Vbus takes 0 or Vin. When the 

time t satisfies t1 ≤ t < t2 in Fig. 3, the switches Sa1, Sb1, and 

Sc1 are driven by the gate-source voltage VGSa1, VGSb1, and 

VGSc1, respectively. While the switches Sa1, Sb1, and Sc1are 

switched alternately, the other switches are maintained ON or 

OFF state as shown in Fig. 3.Therefore; the states shown in 

Fig. 2(b) and (c) are switched alternately. The capacitor C1 is 

charged by the current −iC1 as shown in Fig. 2(b) during the 

state shown in Fig. 2(b). Therefore, the proposed inverter can 

output the bus voltage vbus while the capacitor C1 is charged. 

The bus voltage vbus in the state of Fig. 2(c) is 

  
𝑣𝑏𝑢𝑠 = 𝑉𝑖𝑛 + 𝑉𝐶1     (1) 
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III. MODULATION METHOD OF THE PROPOSED 

INVERTER 

Fig. 3. Modulation method of the proposed inverter (n = 2) 

 

 Where VC1 is the voltage of the capacitor C1. 

Therefore, the proposed inverter outputs Vin or Vin + VC1 

alternately in this term. When the time t satisfies t2 ≤ t < t3 in 

Fig. 3, the switch Sa2, Sb2 and Sc2 are driven by the gate-source 

voltage VGSa2, VGSb2 and VGSc2, respectively. While the 

switches Sa2, Sb2, and Sc2 are switched alternately, the other 

switches are maintained ON or OFF state as shown in Fig. 3. 

Therefore, the states shown in Fig. 2(c) and (d) are switched 

alternately. 

 The capacitor C3 is charged by the current −iC3 as shown in 

Fig. 2(c) during the state shown in Fig. 2(c). The bus voltage 

vbus in the state of Fig. 2(d) is 

 𝑣𝑏𝑢𝑠 = 𝑉𝑖𝑛 + 𝑉𝐶1 + 𝑉𝐶3    (2) 

Where VC3 is the voltage of the capacitor C3. Therefore, the 

proposed inverter outputs Vin + VC1 or Vin + VC1 + VC3 

alternately in this term. After t = t3, the four states show in Fig. 

2 are repeated by turns. Table I shows the list of the on-state 

switches when the proposed inverter (n= 2) is driven by the 

modulation method shown in Fig. 3. The ideal bus voltage 

Vbus in Table I means the bus voltage on each state when VC1 

= VC3 = Vin is assumed. 
As the conventional SC inverter, the proposed inverter has 

a full bridge which is connected to the high voltage. Therefore, 

the device stress of the switches S1 − S4 in the full bridge is 

higher than the other switches as the conventional SC inverter. 

The proposed inverter (n = 2) outputs a 7-levelvoltage by 

repeating the four states as shown in Fig. 2. Because the 

driving waveform VGSa1 and VGSa2 change alternately as shown 

in Fig. 3, the capacitors C1 and C3 are equally 

discharged .Assuming that the number of the capacitors is 2n

−  1, the proposed inverter can outputs 4n −  1levels voltage 

waveform. The modulation index M is defined as the 

following equation because the amplitude of the output 

voltage waveform is 

inversely proportional to the double amplitude of the carrier 

waveform. 

  M =𝐴𝑟𝑒𝑓 2𝐴𝐶     (3) 

 

In (3), Aref is the amplitude of the reference waveform and Ac 

is the amplitude of the carrier waveform. The proposed 

inverter requires 10switching devices for the 7-level, and 

16switching devices for the 11-level. On the other hand, the 

conventional SC inverter requires 20switching devices for the 

7-level, and 28switching devices for the 11-level [9]. The 

conventional cascaded H-bridge (CHB) inverter requires 12 

switching devices for the 7-level, and20 switching devices for 

the 11-level, when all the dc voltage sources take the same 

voltage [17]. Therefore, the proposed inverter has less number 

of switching devices than the conventional multilevel 

inverters. 

 

IV. SIMULATION RESULTS 

Here simulation is carried out in different cases, in that  

1) Proposed Series/Parallel Multilevel Inverter Topology 

without Filter Proposed  

2) Series/Parallel Multilevel Inverter Topology with Filter 

CASE 1: Proposed Series/Parallel Multilevel Inverter 

Topology without Filter  
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Fig.4 Matlab/Simulink Model of Proposed Series/Parallel Multilevel 

Inverter Topology 

Fig.4 shows the Model of Proposed Series/Parallel Multilevel 

Inverter Topology without Filter using Matlab/Simulink 

Platform. 

 
Fig.5 Output Voltage 

Fig.5 shows the Output Voltage of Proposed Series/ Parallel 

Multilevel Inverter Topology without filter 

 

 
Fig.6 FFT Analysis 

Fig.6 shows the FFT Analysis of Output Voltage of Proposed 

Series/ Parallel Multilevel Inverter Topology, here we get 

21.38%. 

 

 
Fig.7 Matlab/Simulink Model of Proposed Series/Parallel Multilevel 

Inverter Topology with Filter 

Fig.7 shows the Model of Proposed Series/Parallel Multilevel 

Inverter Topology with Filter using Matlab/Simulink Platform. 

 
Fig.8 Output Voltage 

Fig.8 shows the Output Voltage of Proposed Series/ Parallel 

Multilevel Inverter Topology with PV Source. Here by using 

Switched Capacitor achieved constant output voltage Vo =300 

at time t=0.02sec. 

 
Fig.9 Matlab/Simulink Model of Proposed Series/Parallel MultilevelInverter 

Topology with Filter 

© 2014 IJAIR. All Rights Reserved                                                                                236

International Journal of Advanced and Innovative Research (2278-7844) / # 236 / Volume 3 Issue 8



V. CONCLUSION 

In this paper, a novel boost switched-capacitor inverter 

was proposed. The circuit topology was introduced. 

Multilevel inverters play a key role in many industries and 

used in high power applications. Such as drive control, 

grid connected systems and standalone systems. In 

comparison of various multilevel inverters to proposed 

inverter need low switch count, low gate drive circuit, low 

Switching loss and good voltage profile. The proposed 

method is enormously evaluated using Matlab/Simulink 

software with proposed converter and closed loop 

operation of inverter topology and get better. Steady state 

response, by using second higher order filter the THD is 

very low with high grid stability.  
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