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Abstract 
 

In this paper, a new circuit for multilevel boost converter 
based on DC-DC switched-capacitor structure is presented. 
This DC-AC converter increases the input voltage for the 
output terminal, so it’s suitable for photovoltaic applications. 
The proposed multilevel converter is compared with other 
recently suggested structures in terms of power electronic 
components and voltage boosting capability. Based on the 
comparison results, the proposed topology utilizes least 
number of power switches, diodes and capacitors. Also, the 
proposed multilevel converter overcomes the disadvantage of 
conventional multilevel converters which were suffering 
from voltage imbalance of the capacitors. These advantages 
decrease the costs, reduce the size of the converter and 
prevent the control circuit from being more complicated. 
Finally, for verifying the performance of the proposed 
structure, experimental results are provided. 

 
1. Introduction 

 
Nowadays, multilevel converters, including DC voltage 

sources, power switches, diodes, and capacitors, are playing an 
important role in power electronic applications like renewable 
energy systems, hybrid electrical vehicles, industrial drives and 
reactive power compensation [1,2]. 

In this case, some structures have been presented as 
multilevel topologies in other literature, where diode-clamped 
converters (DCCs), flying-capacitor converters (FCCs) and 
cascade H-bridge converters (CHBCs) are the first ones [3]. 
Suffering from voltage imbalance of the input DC-link 
capacitors, large number of DC-link capacitors, clamping 
diodes, flying capacitors can be called as some of the 
disadvantages of the conventional DCCs and FCCs. Although in 
CHBCs, diodes and capacitors are not used; large numbers of 
DC voltage sources are employed in these converters. 

In previous years, several multilevel structures have been 
presented, due to the above mentioned limitations of classical 
multilevel converter topologies, however, these multilevel 
topologies utilize more number of DC voltage sources.To 
overcome the mentioned restriction of classical multilevel 
converters, new topologies have been presented in recent years, 
which can be divided into three main groups as follows: 
 
1.1. Buck multilevel converters [4] 
 
In these topologies, the amplitude of output voltage waveform is 
less than the sum of all utilized DC voltage sources in the 

structures. In this division, DCCs and FCCs, belong to this 
group.  These multilevel converters can produce high number of 
output voltage levels with less number of required power 
electronic components. On the other hand, reducing the 
amplitude of input DC voltage sources at the output voltage 
terminal, leads to restricted applications of them. 
 
1.2. Unity voltage gain multilevel converters [5,6] 
These topologies can't change the amplitude of input DC voltage 
sources at output voltage terminal. So, the maximum value of 
output voltage waveform is equal to the sum of all utilized DC 
voltage sources in these structures. In this division, CHBCs 
belongs to this group. This group is divided into two sections, 
which are named symmetric and asymmetric topologies. In 
symmetric topologies, the magnitudes of all DC sources are 
equal. On the contrary, in asymmetric type of converters, the 
values of DC voltage sources are different, so various algorithms 
have been proposed for determination of DC voltage sources. 
Furthermore, it is notable that the asymmetric topologies can 
produce higher number of levels at output voltage waveform in 
comparison with the symmetric structures with the same number 
of power electronic components. 
 
1.3. Boost multilevel converters [7] 
These multilevel converters can increase the amplitude of input 
DC voltage sources at the output voltage terminal, so the 
maximum value of output voltage waveform is more than the 
sum of all input DC voltage sources. Mainly, the operation of 
these topologies is based on charging and discharging of 
capacitors. These multilevel converters are applicable in 
renewable energy systems like photovoltaic applications, since 
the generated voltage by PV panel in photovoltaic systems 
needs to be boosted. However, for producing higher number of 
output voltage levels and increasing the voltage gain, these 
topologies utilize a large number of power electronic 
components, like power switches, diodes and capacitors. So, 
having voltage boosting capability and utilizing minimum 
number of DC voltage sources, make these converters more 
suitable than other topologies. However, high values of standing 
voltages on switches along with using a large number of power 
electronic components are disadvantages of boost multilevel 
converter structures. 
 

In this paper, a new switched-capacitor multilevel topology is 
presented. Then, the proposed topology is compared with other 
suggested topologies in the recent years. Finally, to prove the 
performance of the proposed topology, simulation works along 
with experimental results are provided. 



2. Proposed DC-DC Switched-Capacitor Unit 
 

The proposed DC-DC switched-capacitor unit is shown in 
Fig. 1. As presented in this figure, the proposed DC-DC 
switched-capacitor unit consists of two capacitors and two 
power diodes. Also, two different types of power switches are 
used in the proposed DC-DC switched-capacitor unit, where S1 
and S2 switches are both unidirectional power switches with 
anti-parallel body diodes and K is a unidirectional switch for 
current and bidirectional for voltage. The K switch consists of a 
diode in series with a unidirectional switch. 

 

 
 

Fig. 1. Proposed DC-DC switched capacitor unit 
 
The proposed structure in Fig. 1, can generate three levels at 

output voltage waveform which are +Vin, +2Vin and +3Vin. The 
current flow path of each level is separately shown in Fig. 2.  
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Fig. 2. Operational modes of proposed DC-DC switched-capacitor 
topology. (a) Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4. 
 

3. Proposed Switched-Capacitor Multilevel Topology 
 

The structure of the proposed multilevel includes proposed 
DC-DC switched-capacitor topology, available in Fig. 2, along 
with an H-bridge inverter. The conventional H-bridge topology 
consists of four unidirectional switches that are similar to the 
power switches S1 and S2. As mentioned, the proposed DC-DC  

 
 

Fig. 3.The structure of proposed switched-capacitor multilevel. 
 
Connecting a conventional H-bridge inverter to the DC-DC 
switched-capacitor topology, the proposed switched-capacitor 
multilevel unit can generate both positive, negative, and zero 
levels as 0, ±Vin, ±2Vin, ±3Vin at the output voltage waveform 
(Vout). The switching states of the proposed switched-capacitor 
multilevel structure are indicated in Table 1. 
 

Table 1. Switching states of the proposed switched-capacitor 
multilevel structure. 

 

Vout S1 S2 K T1 T2 T3 T4 

+3Vin on on off on off off on 

+2Vin
off on on on off off on 
on off on on off off on 

+Vin off off off on off off on 

0 
off on on on off on off
on off on on off on off

-Vin off off off off on on off

-2Vin 
on off on off on on off
off on on off on on off

-3Vin on on off off on on off
 
Switched-capacitor topology can generate three levels of +Vin, 
+2Vin and +3Vin in the output voltage waveform. Therefore, by 
Standing voltage on switches (SVS) is another important factor 
in multilevel converters, which is equal to the maximum value 
of applied voltage on the switch in its OFF-state. In the 
proposed multilevel topology, the total standing voltage on the 
switches (TSVS) is equal to 
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   Where 
jTSVS is the standing voltage on the jT  switch in the jth 

switch of H-bridge converter for j=1, 2, 3 and 4. The value of 

jTSVS is equal to 3 inV . 
iSSVS is the standing voltage on the 

switch iS  in the ith switch of the DC-DC switched-capacitor unit 

(i=1, 2,). The value of standing voltage on the switch iS  (
iSSVS ) 

is equal to inV . Similarly, the value of standing voltage on the 

switch K  ( KSVS ) is equal to inV . Therefore, 
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K inSVS V=                                                                (5) 
 

With Substitution of (3-5) in (2), TSVS of the proposed 
topology is defined as: 

 
15 inTSV VS =                                                                   (6) 

 
4. Comparison Study 

 
In this section, the proposed multilevel structure is compared 

with three other switched-capacitor multilevel converters, with 
only one DC voltage source as an input power supply [7-9]. 
Table 2 indicates the comparison results. In this table, the 
comparison is provided in terms of the number of utilized power 
electronic components along with the voltage boosting 
capability. This procedure is performed by evaluating the 
amounts of proportion of output voltage levels number over 
number of required components. 

 
Table 2. Comparison among proposed multilevel converter and 

other suggested structures. 

 

Topology [7] [8] [9] 
Proposed 
multilevel 

NLevel 7 5 7 7 
N

N
Level
IGBT

 1 0.83 1 1 

N

N
Level
Diode

 1.75 2.5 1.75 3.5 

N

N
Level

Capacitor
 2.33 2.5 3.5 3.5 

Voltage boosting 
capability 

Yes No Yes Yes 

 
Power electronic components like IGBTs, drivers, diodes and 

capacitors are the most important elements in multilevel 
converters in which they increase the cost and control 
complexity of the system. Moreover, it is clear that the proposed 
switched-capacitor multilevel structure utilizes minimum 
number of power electronic components. Note that, the capacity 
of utilized inductance load of the suggested multilevel 
converters in [7-9] is restricted. Also, this restriction exists in 
the proposed switched-capacitor multilevel structure, however, 
it can be solved by replacing the power diodes D1 and D2 by two 
number of unidirectional power switches. İf the above 
mentioned replacement accurs, the topology could supply the 
pure inductive load. This time the topolgy is compared with 
those structures which do not have the previous restriction for 
inductive loads. As shown in Table 3. The proposed converter 
for pure inductive load (PIL) applications  utilizes the least 
number of power electronic components. Being usable for 
inductive load applications is an important issue in the industry.  

Moreover, as indicated in Table 2 and 3, recommended 
structures in [8], [10] and [11] lack voltage boosting capability,  

Table 3. Comparison among proposed multilevel converter and 
other suggested structures. 

 

Topology [10] [11] [12] 
Proposed Multilevel 

For PIL applications 

NLevel 7 7 7 7 
N

N
Level
IGBT

 0.35 1.17 0.58 0.78 

N

N
Level
Diode

 0.35 0.87 - - 

N

N
Level

Capacitor
 0.78 1.75 3.5 3.5 

Voltage boosting 
capability 

No No Yes Yes 

 
however, the proposed topology can overcome this limitation. 
Finally, the mentioned topology in [12] utilizes two numbers of 
DC voltage sources which makes the structure expensive and 
bulky. 
 

5. Simulation Results 
 

   For verifying the validity of the proposed switched-capacitor 
multilevel converter in the generation of output voltage levels, a 
single-phase 7-level converter is simulated. The 
PSCAD/EMTDC Simulink software is used for simulation. The 
parameters selected for simulation are: (a) L=50mH, (b) 
R=100Ω, (c) Ci=2200uF (d) The input voltage of 100V. The 
output voltage and current waveforms of simulated 7-level 
converter are shown in Fig.4. Moreover. Fig. 5. İndicates the 
current waveform of the capacitors. As indicated in Fig. 5 when 
the converter is used for resistive load applications, there are 
alternative spike waves with high amplitude for charging the 
capacitors. This is the inrush current which could be avoided 
just by putting some small resistance in series with the 
capacitors. However, in the following it will be shown that the 
above mentioned inrush current will be eliminated as the 
capacity of inductance load increases. 
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Fig. 4. Waveforms of output voltage (blue) and output current 
(red). 

 
Second time, simulation results are analyzed for the inductive 
load application (L=500mH, R=50Ω). The output voltage and 
current waveforms of simulated 7-level converter are shown in 
Fig.6. Fig. 7. depicts the current waveform of the capacitors. As 
indicated in this figure, for inductive load applications, the 
capacitors in the proposed converter tolerate low amount of 
current spikes.  
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Fig. 5. Current waveforms of the capacitors. 
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Fig. 6. Waveforms of output voltage (blue) and output current 
(red). 
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Fig. 7. Current waveforms of the capacitors. 

For the last one, simulation results are analyzed for the pure 
inductive load application (L=500mH, R=1). As indicated in 
Fig. 9, for pure inductive load applications, there is no current 
spikes which damage the capacitors. Therefore, the proposed 
multilevel converter topology could easily interchange the 
reactive power and has convenient performance in that 
applications. Finally, this kind of converter is suitable for 
applications like STATCOMs which is used for power factor 
correction (PFC). 
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Fig. 8. Waveforms of output voltage (blue) and output current 
(red). 
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Fig. 9. Current waveforms of the capacitors. 
 

5. Experimental Works 
 

   In this section, the experimental results are provided for 
verifying the accuracy of the proposed switched-capacitor 
multilevel converter in generating output voltage levels and 
demonstrating the voltage boosting capability. In the presented 
experimental work, IRF power MOSFETS driven by TLP250 
along with capacitors with the values of 2200μF have been used. 
Also, LPC1768 ARM microcontroller is used to apply the 
controlling pulses to the switch drivers. For the proposed 
topology, fundamental frequency switching technique is used to 
produce switching pulses Moreover, for the proposed 



experimented switched-capacitor topology the values of 
inductance and resistance of the load are selected as 50mH and 
100Ω, respectively. Finally, the amplitude of the DC voltage 
source as an input power supply is selected as 100V. 
   The waveforms of output voltage and current based on the 
experimental results are shown in Fig. 10. From this figure, it is 
clear that the maximum level at the output voltage waveform is 
equal to 300V. Also, Fig. 11 depicts the voltage waveforms of 
capacitors in the experimented topology. Based on this figure, it 
is obvious that the amplitude of voltages on the capacitors are 
equal to 100V and they are well-balanced. 

 

 
 

Fig. 10. Waveforms of output voltage (upper) and output current 
(down). 
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(b) 

Fig. 11. Capacitor voltages. (a) C1 voltage. (b) C2 voltage. 

 

6. Conclusions 
 

In this paper, a new structure for multilevel boost converter 
was presented. When it is compared to the recommended 
multilevel converters in other literature, the proposed topology 
utilizes minimum number of power electronic components. It 
was shown that the proposed structure increases the input DC 

voltage to the output voltage without using any transformers. 
Also, in the proposed switched-capacitor multilevel converter, 
voltages of capacitors are charged well as self-balancing and 
without utilizing any auxiliary control circuits. It is clear that 
these benefits lead to the reduction of costs, circuit size, 
installation area and simplify the control unit. Finally, In order 
to verify the performance of proposed topology, simulation 
results along with experimental works were provided. 
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