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Abstract— A Single phase Step up Multilevel inverter which 
uses a conventional boost converter coupled through a diode 
capacitor clamped arrangement & an H bridge is proposed in 
this journal. Comparatively this topology performs well to the 
conventional multilevel inverters. This topology is simple & 
uses reduced number of power switches & has a boosted 
output without any transformers. Since the inverter does not 
use any transformer the overall cost of the unit gets largely 
reduced & the efficiency of the system is increased. This 
project aims in generating pulses for the power switches & 
obtain results by simulating the power circuit. 
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Phase Disposition (PD) Pulse Width Modulation (PWM), 
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I. INTRODUCTION 
Recently, the source of energy is moving towards 
sustainability, when sustainability is on a play Mother Nature 
gives us the resources to survive but some of them are 
hazardous. To overcome it cutting edge technologies are been 
used to improve non-hazardous environment friendly 
resources like using solar to satisfy our demands &, but solar 
panels that use quantum energy to produce electricity which 
potentially make Tesla vague .So, to use Tesla’s knowledge 
in transferring power i.e. AC power which is by all means 
efficient way to transfer power we require power electronic 
converters like DC to AC converters called inverters. The 
conventional inverters that were used were not very satisfying 
in terms of performance & life of the equipment. So, Interests 
of great scholars moved them to design inverters that were far 
better than the conventional type. Various topologies came 
into play but the hybrid one was good in producing results 
because the output voltage of PV cell is very less. 

Moreover, multilevel inverters are widely 
researched for its scope on medium/high power variable 
frequency governor & renewable distribution increased 
voltage stations [1]-[4]. The notable features of multilevel 
inverters are large number of voltage levels, which promotes 
lower harmonics, reduced dynamic loss, increased voltage 
scalability, & improved quality of power. The primary 
function of these converters is to obtain an AC output that is 
desired from multiple DC voltages [5]-[7]. Collectively, there 
are three types of multilevel converter topologies; Capacitor 
clamped, diode clamped & cascade H--bridge topology .In 
diode clamped topology, the considerable drawback is that 
the voltage that is shared in the serial capacitors are not equal. 
Further, requirement of diodes increases for higher levels [8]-
[12]. Even though, there are improvised diode-clamped 
topologies like T-type & L-type which use active switches as 
an alternative for diodes, which in turn give rise  to high 
conduction power loss[13],[14]. Also, the stated problems are 
not rectified still. A cascade multilevel inverters are inverters 
that require a dc source for every H--bridge that uses less 
devices when compared to other multilevel inverters. This 

inverter comes in two topologies one with symmetric 
topology that has equal dc voltage components & another 
with asymmetric topology that has unequal dc voltage 
components. However, both require a considerable amount of 
switching devices & dc-sources in unaltered terms. Three 
methodologies have been identified to balance the voltage of 
the capacitors that linked in series in the reported papers: a) 
adoption separate dc sources [16]; b) usage auxiliary 
balancing circuits [17], [18]; & c) improvement of control 
strategy by selection of switching states that are redundant 
[19]. A few scholars use resonance circuits that are in series 
to migrate energy between unbalanced capacitor. Although 
the current or power transferred can be regulated precisely, 
which requires the additional feedback control strategies, & 
hence, the control of the converters becomes more complex, 
which results in less reliability.  

In renewable systems, the photovoltaic-cells that 
generate low voltage should be connected to the grid which 
could be achieved by boosting the voltage level .To realise 
the desired output attempts have been made earlier. In similar 
circuit is in the preliminary stage to boost the voltage in the 
bus & diode-clamped inverter is situated at the end. To 
balance the series connected capacitor voltages, two 
additional balancing circuits are connected, which alters the 
overall system compatibility & cost efficiency in an erratic 
manner. In comparison with topology mentioned earlier, even 
though the topology in [20] has considerable improvement, 
there is still (N + 1) switches for current path at N levels of 
output. 

II. PROPOSED TOPOLOGY 
The converter that has been proposed, as shown in Fig.1, 
comprises of bridge modular switched-capacitor (BMSC) 
circuit & an H-bridge circuit added to the BMSC circuit. 
Firstly, in [22] this topology is reported as shown in the dotted 
box in Fig.1, which includes four capacitors & eight 
MOSFETs. Take switches S1, S4, S1b, S2a & switchesS2, 
S3, S1a, S2b as two different transistor clusters, represented 
as SP & SN, respectively. 

 
Fig. 1: Switched Capacitor Converter 
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A. Operating States 
The operation of BMSC basically is of two states, as shown 
in Fig. 2, with switches SP & SN alternatively turned ON. 
Fig. 2 shows the operation of state I, where the switches SP 
are turned ON, & it can be decomposed into two loops. Ui 
charges C1b through S1b & S1. Likewise, Ui & C1a in series 
supplies charge to C2a through S2a, S1 & S4. Fig. 3 shows 
the state II when the switches SN are turned on. With the 
similar operating principle of state I, C1a supplies charge to 
Ui through S1a & S2. Meanwhile, C2b supplies charge to Ui 
& C1a which is in series with switches S2b, S2 & S3. 

 
Fig. 2: Modes of Operation of the Switched Capacitor 

Converter (State I) 
Fig.3 shows the state II when the switches SN are 

turned on. With the similar principle of operation as state I, 
C1a supplies charge to Ui through S1a & S2. Meanwhile, C2b 
supplies charge to Ui & C1a which is in series with switches 
S2b, S2 & S3. 

 
Fig 3 Modes of Operation of the Switched Capacitor 

Converter (State II) 
Correspondingly, the following formulas for capacitor 
voltage can be obtained: 

                         UC1a = UC1b = Ui                               (1) 
                        UC2a = UC2b = 2Ui                              (2) 

                     Ud = UC2a + UC2b = 4Ui                         (3) 
Actually, the switches S1a & S3 have similar 

switching as S1b & S4. Hence, switches S1a & S3, S1b & S4, 
every switches can be combined together as one switch. In 
addition, capacitors C1a & C1b in series can be combined as 
one capacitor as well. 

 
Fig. 4: Simplified Topology 

Therefore, the converter can be simplified as Fig. 4 
for convenient study, where S3 S1a represents switches S1a 
& S3 which are in series, & S4 S1b represents switches S1b 
& S4 that are connected in series. Similarly, C1 represents the 
capacitors C1a & C1b which are in series. Switches S1 & S2 
are not shown in this simplified topology because their 
switching behaviours are in par with other switches in SP or 
SN, respectively. Also, the line connected between the 
midpoint of MOSFET bridge (with S1 & S2) & the midpoint 
of capacitor-bridge, (with C1a & C1b) is not shown. In the 
topology, the dotted box in which proposed converter circuit 
is located, C1 is taken as flying capacitor & its voltage gives, 

   UC1 = UC1a + UC1b = UC2a = UC2b = 2Ui         (4) 

B. Operating Modes 
The inverter operates in eight different modes and gives 
different output voltages at each mode. 

 
Fig. 5: modes of Operation for the Proposed Converter 

1) Mode A 
(Uo = 0): In Fig. 5(a), Transistor cluster SP , switches S5, S7 
are active & other switches are inactive, the capacitors C1 & 
C2a are connected in parallel , output voltage Uo equals to 
zero. Similarly, when Transistor cluster SN, switches S6, S8 
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are active & other switches are on off state as shown in Fig. 
5(b), zero voltage is also taken as output, in which the 
capacitors C1 & C2b are connected in parallel rather than 
capacitors C1 & C2a. 
2) Mode B 
(Uo = 2Ui): In Fig. 5(c) & (d), voltage value of 2Ui can be 
taken as output in the proposed converter. One of the 
operating state is that switches group SP, switches S6, S8 are 
active & other switches are inactive, capacitors C1 & C2a are 
connected in parallel, then the inverter has the output voltage 
of C2b, as shown in Fig. 5(c). Fig. 5(d) shows counter 
operation state in which Transistor cluster SN, switches S5, 
S8 in active state & other switches inactive, capacitors C1 & 
C2b are connected in parallel, the inverter output is the 
voltage of C2b. 
3) Mode C 
(Uo = 4Ui ): In Fig.5(e), switches group SP , switches S5, S8 
are active, capacitors C1 & C2a are connected in parallel, the 
inverter output is the sum of voltages of capacitors C2a & 
C2b . 
4) Mode D 
(Uo = −2Ui ): In Fig. 5(f), Transistor cluster SP, switches S6, 
S7 are active & capacitors C1 & C2a are connected in 
parallel, the inverter outputs the negative voltage of C2a with 
value of−2Ui. In Fig. 5(g), Transistor cluster SN, switches S5, 
S7 are turned ON & capacitors C1 & C2b are connected in 
parallel, the inverter output is reversed with voltage of C2a 
with value of −2Ui . 
5) Mode E 
(Uo = −4Ui ): In Fig. 5(h), Transistor cluster SN , switches 
S6, S7 are in conduction & capacitors C1 & C2b are 
connected in parallel, the inverter output is reversed with 
voltage of C2a & C2b with value of −4Ui . 

C. Control PWM Generation Method 
The carrier-based PD PWM method is used to control the 
proposed converter, as illustrated in Fig. 6. Four triangle 
carriers of same frequency fc & amplitude Uc , which are 
denoted as ua, ub, uc , & ud , are biased as positive & negative 
four layers, & they are generated symmetrically along both 
sides of the horizontal axis, comparing with a sine modulation 
wave.  

 
Fig. 6: PD-PWM Method 

Let us assume the carrier of UC amplitude with 
frequency fc, expression of modulation wave is given by uS 
= US sin α, where the phase angle is α with value of 2πfs & 
fs is the modulation wave frequency, & its amplitude of US, 
the process of modulation can be categorized into four cases 
according to the arthimetic relationship between uS & UC: 
uS ≥ UC, 0 ≤ uS < UC, UC ≤ uS < 0 & uS < −UC. In 
comparison with modulation wave uS each carrier wave ua, 
ub, uc, & ud, the switching states is visualised better, & the 
result of analysis of control methodology is given in Table 1. 
Table 1 State of Switches with respect to carrier wave & 
modulating wave 

 
Table 1: 

It is noted that SP (SN) are a cluster of switches that 
has high switching frequency as same as the frequency of the 
carrier wave, but switches S5, S6, S, & S8 are designed to 
operate in a frequency low as the modulation wave. In every 
individual carrier wave, switches S5, S6, S7, & S8 have only 
one state, but the state of SP (SN) is relied on the arithmetic 
relationship of uS with every single carrier wave. 

III. SIMULATION RESULTS 
The simulation of flying capacitor clamped five- level 
inverter is done by using the MATLAB software. In 
MATLAB, the simulation is done in the Simulink model & 
the pulses are generated by using sinusoidal PWM.  

A. MATLAB Simulation 
The simulation of flying capacitor clamped five- level 
inverter is done using the MATLAB/Simulink Software. The 
gate signals for the inverter are generated by comparing the 
sine wave with high frequency triangular wave. 

B. PWM Generation Simulink Model 
Fig 5.1 shows the pwm Simulink model of the inverter for the 
pulses Sp & Sn. Similarly, Fig 5.2 shows the pwm Simulink 
model of flying capacitor clamped five- level inverter for the 
pulses S5, S6, S7 & S8 respectively. In this, sine wave is 
taken as the reference wave & it is compared with the (n-1) 
high frequency triangular waves to generate switching pulse 
to the proposed cascaded multilevel inverter circuit. Here ‘n’ 
denotes the number of output levels. The switching pulses 
thus generated are given to the Boost multilevel inverter in 
order to generate desired levels at the output. 
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Fig. 7: Simulink Model of Flying Capacitor Clamped Five- 

Level Inverter for the Pulses Sp & Sn 

 
Fig. 8: Simulink Model of Flying Capacitor Clamped Five- 

Level Inverter for the Pulses S5, S6, S7 & S8 
PWM generation 

 
Fig. 9: Sinusoidal PWM Comparisons with Triangle Wave 

 
Fig. 10: Pulse for Switch Sp 

 
Fig. 11: Pulse for Switch Sn 

 
Fig. 12: Pulses for Switch S5 & S6 

 
Fig. 13: Pulses for Switch S7 & S8 

C. Power Circuit Simulation Model 

 
Fig. 14: Simulink Model of Flying Capacitor Clamped Five- 

Level Inverter. 

D. Simulation Results 

 
Fig. 15: Simulink Model of Flying Capacitor Clamped Five- 

Level Inverter R-Load Output. 
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Fig. 16: Simulink Model of Flying Capacitor Clamped Five- 

Level Inverter RL-Load Output. 

E. Total Harmonic Distortion Analysis 

 
Fig. 17: Total Harmonic Distortion For Simulink Model Of 
Flying Capacitor Clamped Five- Level Inverter RL-Load 

Output. 

IV. CONCLUSION 
The studies that have been proceeded on this inverter & the 
algorithm for the pulses has been examined. The pulses for 
the inverter have been generated using MATLAB software 
which are used to drive the inverter. The inverter is so 
versatile that it can be controlled with ease at comparatively 
low frequency pulses. The modulation method serves good in 
eliminating the harmonics better. The algorithm for the gate 
pulses to the switches is very h & y & simple that it can be 
used in any 32 bit microcontroller. The converter perform 
well with R & RL loads with good power quality. 
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