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Switched Capacitor Based Cascaded Half-Bridge 
Multilevel Inverter With Voltage Boosting Feature

Hossein KHOUN-JAHAN, Amin Mohammadpour SHOTORBANI, Mehdi ABAPOUR, Kazem ZARE, 
Seyed Hossein HOSSEINI, Frede BLAABJERG, and Yongheng YANG

Abstract—Cascaded multilevel inverter (CMI) topology is  
prevalent in many applications. However, the CMI requires many 
switches and isolated dc sources, which is the main drawback of 
this type of inverter.  As a result, the volume, cost and complexity of 
the CMI topology are increased and the efficiency is deteriorated. 
This paper thus proposes a switched-capacitor-based multilevel 
inverter topology with half-bridge cells and only one dc source. 
Compared to the conventional CMI, the proposed inverter uses 
almost half the number of switches, while maintaining a boosting 
capability. Additionally, the main drawback of switched-capacitor 
multilevel inverters is the capacitor inrush current. This problem 
is also averted in the proposed topology by using a charging 
inductor or quasi-resonant capacitor charging with a front-end 
boost converter. Simulation results and lab-scale experimental 
verifications are provided to validate the feasibility and viability of 
the proposed inverter topology. 

Index Terms—Multilevel Inverter, switched-capacitor cell, switch 
reduction, voltage Boosting.

Nomenclature

Dn Number of charging diodes.
Swn Number of switches.
Rdn Resistance of a typical diode.
Rd Resistance of the anti-parallel diode in the switch.
Rl Resistance of the charging inductor.
Rsw Resistance of a typical switch.
ich(t) Instantaneous charging current.
i(t) Instantaneous load current.
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Is Current of a switch.
Vm,Im Peak values of the output voltage and load current
vdc Input dc voltage.
vos Voltage of a typical switch in the on state.
vodn Reverse voltage of a typical diode in the on state. 
vsd Reverse voltage of the anti-parallel diode.
vds Drain-source voltage of a semiconductor switch.
Tdn Conducting time duration of a charging diode.
Tch Charging time duration. 
Tdis,k Discharging time duration of the kth capacitor.
ton,toff Turn-on, and turn-off times of switches.
ΔPt

d Total conduction power loss of the charging diodes.
ΔPd,j Conduction power loss of a typical diode.
ΔPs Power loss of a switch due to load current.
ΔPs,ch Conduction power loss of a switch in charging 

stage.
ΔPd,ch Power loss of the charging inductor.
ΔPfm Switching power loss of a typical switch.
ΔPsw Total power loss of the charging switch.
ΔPsw,j Total power loss of a switch. 
ΔPt

ch Total power loss of switches in the charging part.
ΔPt

s Total power loss of the switches in the charging 
stage.

ΔPt
sw Total power loss of the switches.

ΔPt Overall power loss of the proposed SC-CHMI.
f Fundamental frequency (ω = 2πf).
fsw Switching frequency.
φ Phase angle between the voltage and current.
l Number of levels.
Coss Output capacitance of a switch.
n Number of half-bridge cells.
η Efficiency
d Duty cycle

I. Introduction

MULTILEVEL inverters (MIs) play a promising role in 
modern power systems. The MIs offer several benefits 

such as low switching frequency, total harmonic distortion 
(THD) and electromagnetic interference (EMI) [1], [2]. 
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Additionally, MIs employ certain switch configurations in 
order to reduce the voltage stress on the switches to make it 
tolerable for the employed semiconductors. Utilizing many 
components makes MIs complicated and expensive [1]-[4]. 
Therefore, several attempts have been made to reduce the 
number of components in MIs [5]-[7], including the cascaded 
multilevel inverter (CMI) topology, the flying capacitor 
converters, and the diode-clamped converters [8]. 

Among the aforementioned MIs, the CMI stands out for its 
high modularity and providing a higher voltage amplitude from 
given input dc voltages. However, the CMI requires many 
switches and isolated dc sources. In order to reduce the switch 
count in this topology, full-bridge cells are replaced by half-
bridge cells [9], [10]. The cascaded half-bridge cells configuration 
produces a periodic staircase waveform, since each half-
bridge cell can only develop unity and zero per-unit voltages. 
Therefore, an unfolder H-bridge is used with the cascaded half-
bridge cell MI (CHMI) to convert the stepped dc voltage into 
a staircase ac voltage [11]. Assuming a total constant value for 
the voltage stress of all switches in a CHMI, the voltage stress 
will increase if the number of switches is reduced [12]. The 
switches of the half-bridge cells in the CHMI topology tolerate 
only one per-unit voltage magnitude, whereas the switches 
in the unfolder H-bridge are exposed to the peak value of the 
output voltage.

 Another issue with the CMI and the CHMI topologies is 
the need for several isolated dc sources. Different solutions 
have been proposed to decrease the number of dc sources in 
the CMI, which can be categorized into three groups. The first 
solution is to use individual low-frequency transformers instead 
of the dc-sources [13], [14]. As an advantage, the transformers 
provide galvanic isolation and can also convert the voltage 
with arbitrary magnitudes. On the contrary, transformers 
are expensive, bulky, and inefficient, Fig. 1(a) shows low-
frequency transformer-based CMI. The second strategy is 
to employ switched-capacitor cells instead of the dc sources 
[15], [16], which may reduce the size, weight, and cost of MIs, 

since the capacitors are light and cheap in comparison with dc 
voltage sources and transformers. As a drawback, the failure 
rate of the capacitors is high. Moreover, the other shortcoming 
of the switched-capacitor cells is the sharp inrush current in the 
charging stage of the capacitors. This deficiency can result in 
failure of the capacitors and thus reduces the reliability of the 
switched-capacitor-based MIs. The switched-capacitor based 
CMI in [17], which is shown in Fig. 1(b), alleviated the inrush 
current through an inductor in dc side. The last solution is to 
use a high-frequency transformer and develop certain isolated 
dc voltages through a high-frequency link [18], [19], as shown 
in Fig. 1(c). However, the reliability and efficiency of this 
strategy are low, because numerous components are used to 
develop the dc voltages.

In light of the above and to avoid the mentioned deficiencies, 
this paper proposes a switched-capacitor cascaded half-bridge 
MI (SC-CHMI) with a modular structure, voltage boosting 
capability, and self-balancing control of the capacitor voltages. 
In the proposed SC-CHMI, only one dc source is employed 
and the other dc sources are replaced with switched-capacitor 
cells. Due to self-balancing feature, the charging process of 
the capacitors is executed spontaneously without any auxiliary 
device. In the proposed SC-CHMI, the capacitor inrush 
currents are mitigated by employing a charging inductor or a 
front-end boost converter. Moreover, the employed front-end 
boost converter can compensate voltage drop and limit the 
fault current. The proposed topology can be used as a versatile 
inverter in renewable energy systems, because of its voltage-
boosting characteristic, minimum switch-count, and single dc 
source. 

II. Proposed SC-CHMI Topology and Analysis

In the proposed SC-CHMI topology, the dc sources are replaced 
with the capacitors and only one dc source is used to charge 
the capacitors, in order to diminish the shortcomings of the 
conventional single-source CMI. Fig. 2 shows the general 
structure of the proposed topology, where the inductor (Lch) 

HB

Lo
w-

fre
qu

en
cy

 tr
an

sf
or

m
er

s

 

HBtiucric gnigrah
C

 

HB

High-frequency 
link

High-frequency 
transformer

Rectifire

 
(a) (b) (c) 

Vdc
Vdc Vout

Fig. 1.  Conventional single-source CMIs: (a) cascaded transformer CMI (CTMI), (b) switched-capacitor based CMI (SC-CMI), and (c) high-frequency link based 
CMI (HFLMI).
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along with the diodes can smoothly charge the capacitors, limit 
the fault current and electromagnetic interference. 

A nine-level SC-CHMI is depicted in Fig. 3(a) and is analyzed 
in the following, to illustrate the principle. Each capacitor in 
the proposed SC-CHMI experiences two different modes: the 
charging and discharging modes. Table I shows the switching 
states corresponding to the voltage levels, in which the 
charging and discharging modes are indicated by “C ” and 
“D”, and the “on” and “off ” states of the diodes and switches 
are respectively shown by “0” and “1”. As the switches in the 
half-bridge cell have an opposite action, only the states of the 
inner switches (i.e., S1, S2, S3) are given in Table I. This is also 
the case for the unfolder switches. The switching modes and 
the current paths of the positive voltage levels are presented in 
Figs. 3(b)-(f). 

A. Modulation Strategy

Several switching strategies can be adopted to compute the 
switching signals of the proposed topology. For simplicity, 
the level-shifted sine pulse width modulation (LS-SPWM) 
switching strategy is adopted to describe the operating principles 
of the proposed SC-CHMI. The capacitors are charged up to the 
input voltage in the charging mode. According to Fig. 3, C4 takes 
part in all voltage levels, and S'1 provides charging path for all 
the capacitors. Fig. 3(b) shows the current path for “0” voltage 
level and the charging paths. Fig. 3(c) depicts the current path 
for ±1 p.u. voltage levels which goes through the dc source 
(Vdc), Lch, D4, C4, S'3, S'2, S'1 , and unfolder switches (SL1

, S'L2
 

for positive and S'L1
, SL2

 for negative voltage levels). The 
capacitor C3 participates in the voltage levels other than the “0” 
and “±1” p.u. When  C3 is in the charging mode, the diode D4 
is reverse-biased. In this case, C4  exclusively provides energy 
to the load, whereas C2 and C1 are already charged up to the 
input voltage value and C3 is in the charging mode through the 
Lch, D3, C3, S'3, S'2, S'1, and the dc source. The same procedure 
happens individually for the remaining capacitors. This implies 
that only one capacitor is in the charging mode at each voltage 
level.

As mentioned above, a specific switching pattern is needed 
to guarantee at least one charging path for the capacitors. This 
is achievable by employing the LS-SPWM in such a way that 
the upper carriers are allocated to the switches in the lower 

Half
bridge

Unfolder HB

 

Vdc

Lch

Vout

Fig. 2.  Proposed SC-CHMI using an unfolder bridge and half bridge cells.

cells and vice versa. For clarity, the LS-SPWM procedure for 
the nine-level SC-CHMI in Fig. 3(a) is presented in Fig. 4., 
where Crx ,x = 1,2,3,4 indicates the carrier. 

B. Power Loss Analysis

In order to determine the power losses, the number of active 
components for each voltage level is identified. In this regard, 
the number of the components for an l-level SC-CHMI are:

                                                                         (1)

 		                                                 (2)

The power loss in the charging part consists of the power 
loss in the charging diodes and the charging inductor. For a 
typical diode, the conduction power loss is

 	               (3)

Considering (1) and (3), and knowing that at any level only 
one diode appears in the charging path, the total conduction 
power loss of the diodes in the charging part of proposed SC-
CHMI is calculated as

                    	                             	 (4)

Moreover, the power loss of the charging inductor during the 
charging stage is

 	                             (5)

For a semiconductor power switch, the conduction and 
the switching power losses are calculated as (6) and (7), 
respectively.

 	                  (6)

 	                        (7)

Thus, the total power loss of a switch in the charging path is

 		                            	 (8)

The total power loss of all power switches in the charging 
path is then obtained as

                              
                                   (9)

Consequently, the total power loss of the charging part is 
 		

                                 (10)
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Vout
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Fig. 3.  Switching modes and current paths of the proposed SC-CHMI topology: (a) schematic of the nine-level SC-CHMI, (b) zero voltage level, (c) level +1, (d) 
level +2, (e) level +3, (f) level +4. Here, the load current and charging paths of the capacitors are in black and blue, respectively.

The conduction and the total power losses of a typical switch 
in the proposed topology are

 	                  (11)

 	                		  (12)

Knowing that half the numbers of switches participate in the 
load current path at each voltage level, the total power loss of 
the switches is 

 	                 		  (13)

Finally, the overall power loss of the proposed SC-CHMI 
topology is given as 

 	                  		  (14)

|Ref|

Cr2 Vcc

Cr3 Vcc

Cr4 Vcc

1rC 2rC3rC 4rC
Ref

Cr1

0

VccCr1

Vcc

Vcc

Vcc

Ref

0

S3 SL1
S′L1

SL2
S′L2

S2

S1

S′3

S′2

S′1

Fig. 4.  The LS-SPWM for the nine-level SC-CHMI.

Therefore, the efficiency can be calculated by

                        (15)

C. Component Design

The capacitors and the charging inductor should be designed 
properly for a stable operation of the proposed topology. It is 
noted that the capacitors experience a higher voltage ripple 
in the purely-resistive loading condition. Hence, this loading 
is considered in the design stage of the capacitors. According 
to Fig. 5, the time duration of the discharging mode for the kth 
capacitor is calculated as

 	                       	       	 (16)

For a desired maximum voltage ripple and discharging time 
(16), the capacitances can be designed 

 	         	 	                    (17)

TABLE I
Switching States of the SC-CHMI in Fig.3.

Levels
Main 

switches 
Unfolder 
switches 

Charging 
Diodes Capacitors 

Vout 
S1, S2, S3 SL1, SL2 D1  D4 C1  C4 

4 111 10 1000 D, D, D, D 4V dc 
3 011 10 1100 C, D, D, D 3V dc 
2 001 10 1110 C, C, D, D 2V dc 
1 000 10 1111 C, C, C, D 1V dc 
0 000 11 1111 C, C, C, C 0 
1 000 01 1111 C, C, C, D 1V dc 
2 001 01 1110 C, C, D, D 2V dc 
3 011 01 1100 C, D, D, D 3V dc 
4 111 01 1000 D, D, D, D 4V dc 
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However, in order to preserve the modularity of the proposed 
SC-CHMI, the capacitors can be chosen the same as the 
capacitor in the first half bridge and compensate the voltage 
ripple by adding an extra semiconductor switch to the topology 
and synthesize a front-end dc-dc converter at the input side, 
which is illustrated in the forthcoming section. The capacitors 
in the upper cells experience a higher voltage ripple with 
respect to Fig. 5 and (17), as their discharging time durations 
are longer than those in the lower cells.

If the proposed topology is started under the no-load condition, 
a large charging inductor can result in an overvoltages on 
the capacitors. In order to avoid the overvoltage, lower the 
electromagnetic interference, and limit the fault current, the 
charging inductor is designed as 

                  		 (18)

However, if a larger inductor is employed to mitigate the 
inrush current, the soft starting strategy can be utilized to avoid 
the overvoltages of the capacitors.

D. Front-End DC-DC Boost Converter in Proposed Inverter

As shown in Fig. 6, by adding a semiconductor switch (Sa) 
to the proposed topology, it is possible to turn the charging 
circuit to a front-end dc-dc boost converter, which can help to 
compensate the voltage drop on the capacitors under heavy 
loading condition. This converter can also make the quasi-
resonant charging of the capacitors available. 

With the front-end boost converter, for a given peak value of 
the output voltage, the input dc voltage is calculated as

 	                         		  (19)

Assuming an ideal condition, in which the power losses are 

Fig. 5.  Discharging time duration of the capacitors.

Front-end boost 
converter

Unfolder HB
 

Vdc Sa

Vout

Fig. 6.  The proposed SC-CHMI topology the front-end boost dc-dc converter.

neglected, the average value of the input current is given as

 		           	               (20)

The peak output voltage appears across the switches in the 
unfolder H-bridge. Since the voltage across the switches and 
capacitors in the half bridge cell is the same, the voltage stress 
of the components in the half-bridge cells is calculated as

 		                	                    (21)

and the voltage stress on the diode of the nth cell is 
 			 

                                                                    (22)

E. Comparison of the Proposed SC-CHMI With the Single-
Source CMI Topologies

In this section, the proposed SC-CHMI is compared with 
the conventional single-source CMI topologies described in 
Section II. Generally, the transformerless switched-capacitor 
topologies have a more compact structure and a higher 
efficiency compared to the CTMI topology. Table II shows the 
number of required components in different single-source CMI 
topologies. It is noted that the proposed SC-CHMI requires 
almost half the number of switches in comparison with other 
topologies. Moreover, the proposed SC-CHMI and the CTMI 
require half the number of diodes compared to the HFLMI, 
which uses almost two diodes per voltage level.

Furthermore, the proposed topology uses fewer switches 
in comparison with the SC-CMI in [17], and thus it can 
offer a higher efficiency, as illustrated in Fig. 7. A nine-level 
configuration with the peak output voltage of 320 V and the 

Topology
Number of Components per Voltage Level 

Switches

2(l  1)
2(l + 2)
2l  1
l + 1

1
(l  1)/2
(l  1)/2
(l  1)/2

(l  1)/2
12(l  1)

(l + 1)/2
(l  1)/2

Diodes Transformers Capacitors

CTMI
HFLMI
SC-CMI in [17]
Proposed SC-CHMI

TABLE II
Comparison of the Single-Source CMI Topologies

98
97
96
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94
93
92

0                    0.4                   0.8                  1.2                   1.6
P (kW)

The proposed SC-CHMI
The SC-CMI in [17]

E
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(%
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Fig. 7.  Efficiencies of the SC-CMI in [17] and the proposed SC-CHMI under 
various output power.
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components in Table III is assumed. As shown in Fig. 7, the 
proposed SC-CHMI offers a higher efficiency compared to 
the SC-CMI. The reason is that the proposed topology uses 
fewer switches, and thus switches are in the current path and 
the conduction power loss is lesser than that of the SC-CMI. 
It is worth mentioning that the SC-CMI and the proposed 
SC-CHMI provide higher efficiency in comparison with the 
CTMI and HFLMI topologies, due to eliminating the use of 
transformers.

III. Simulation Results

In order to investigate the performance of the proposed SC-
CHMI, an eleven-level configuration is simulated in Matlab/
Simulink, which is depicted in Fig. 8.  The LS-SPWM strategy 
is applied to compute the switching signals. The simulation 
parameters are listed in Table IV. The charging inductor and 
the capacitors are selected based on the calculations in (17) and 
(18). However, although the Lch value obtained from (18) can 
avoid overvoltage under the no load condition, we choose a 

Component Characteristic 

Switches in the cells FDP86102LZ 
Switches in the unfolder cell FQA30N40 
Diode VS-60EPU04PbF 
Resistance of the charging inductor 30 mΩ 
Equivalent series resistance (ESR) of capacitors 18 mΩ 
Input voltage 80 V 
Switching frequency 6 kHz 

TABLE III
Components Characteristics for Efficiency Analysis

Lch

Vout

D1 D2

C1 C2 C3 C4

C5
S1

S′1
S′2

S′L1S′L2
SL1SL2

S′3 S′5

S2 S3 S5

D3 D4 D5

Fig. 8.  Eleven-level configuration of the proposed topology.

TABLE IV
Characteristic of Simulated Model

higher value for Lch, in order to effectively mitigate the inrush 
current. Three scenarios including no-load, purely resistive, 
and resistive-inductive loading conditions, are considered to 
demonstrate the performance of the proposed SC-CHMI.

Firstly, the no-load condition is simulated to investigate 
the overvoltages of the capacitors, which are depicted in Fig. 
9(a). The peak voltage at the output is 630 V, which is twice 
the nominal voltage. This overvoltage under the no-load 
condition may damage the utilized components. Therefore, it 
is important to apply a soft starting strategy in order to avoid 
the overvoltage. There are several soft starting strategies 
[22]. One strategy is to increase the input voltage gradually 
and let the capacitors be charged gradually up to the rated 
voltage. In grid-connected mode, the gate signals are blocked 
for several cycles in order to get the capacitors charged to the 
rated voltage through the grid. The other solution is to connect 
a freewheeling diode to Lch. This diode would provide a 
freewheeling path for the charging current as the voltage across 
the capacitors reaches the nominal value. 

Using the soft starting strategy, the output and capacitors 
voltages are shown in Fig. 9(b) under the no-load condition, in 
which, the input voltage is gradually exerted to the inverter. It 
helps to keep the output voltage in the desired range as shown 
in Fig. 9(b). Moreover, the eleven-level configuration can boost 
the input dc voltage, with the input and output peak voltages 
being 65 V and 311 V, respectively. In addition, the capacitors 
are automatically charged up to the expected voltage value, 
without using any supplementary circuit. 

The fast Fourier transform (FFT) analysis of the output 
voltage without an output filter under no-loading is exhibited in 
Fig. 9(c).

In the proposed SC-CHMI, the input current is mainly 
affected by the output active power. Therefore, a pure resistive 
load of 0.5 kW is considered, to investigate the dc side current. 
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Fig. 9.  Voltages of the capacitors and the output voltage at the start-up under 
no loading. (a) without and (b) with the soft-start strategy, and (c) FFT analysis.

DC voltage 65 V 
Peak value of the output voltage  311 V 
Fundamental frequency of the output voltage  50 Hz 
L  0.1 mH 
C1, C2 470 µF 
C3, C4 1200 µF 
C5 2200 µF 
Switching frequency 6 kHz 

Component Value 
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Fig. 10(a) shows the output voltage and the load current. The 
input current is shown in Fig. 10(b), with and without the 
charging inductor in the proposed topology. As observed in 
Fig. 10, the input inrush current is significantly limited by 
the charging inductor. Moreover, the impact of the charging 
inductor on the capacitor charging currents is shown in Figs. 
10(c) and (d). The results in Fig. 10 indicate that the charging 
inductor prevents the undesirable charging inrush currents.

The capability of the proposed SC-CHMI in providing 
reactive power, in accordance with the IEEE Standard 1547 
[23], is evaluated with an inductive-resistive load of 0.461 
kVA with the power factors (PF) of PF = 0.87. The output 
voltage and load current as well as the capacitor voltages 
under the mentioned load condition are depicted in Fig. 
11(a) and (b), which shows that the proposed SC-CHMI can 
provide the required reactive power. As seen in Fig. 11(b) 
the capacitors in the uppermost cells experiences a higher 
voltage ripple compared with the lowermost capacitors. 
Furthermore, comparing the current in Fig. 11(a) with that in 
Fig. 10(a), it is evident that due to the inductive feature of the 
load, the high-frequency components of the load current are 
filtered out. Therefore, the load current is a purely sinusoidal 
waveform under inductive-resistive loading condition.

In order to assess the performance of the proposed topology 
with the front-end dc-dc boost converter under heavy loading 
condition, a purely-resistive load of 5 kW is considered. The 
developed voltages under the mentioned loading condition 
by considering the front-end boost converter and without it 
are, respectively, shown in Figs. 12 (a) and (b). Comparing 
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Fig. 10.  Performance of the proposed SC-CHMI under purely resistive loading. (a) load current and output voltage, (b) input current with and without the charging 
inductor, (c) and (d) charging currents of the capacitors with and without employing the charging inductor.
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Fig. 11.  Simulation results under inductive-resistive loading. (a) Load current 
and output voltage, and (b) voltages of the capacitors.

Figs. 12 (a) and (b), it can be seen that the voltage drop 
caused by the on-state impedances and voltages of the 
components is properly compensated by using the front-end 
dc-dc converter.
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Fig. 13.  Lab-scaled experimental setup of the proposed eleven-level inverter.

TABLE V
Electrical Parameters and Components Specifications of the Prototype

  Component Specification  Electrical parameter Value 

Main Switches IRFP250
TLP250
3300 µF
0.36 mH

RB238T100

Pure resistive load
Inductive-resistive load

Reference ac voltage
Input dc voltage

Switching frequency

500 W
650 VA PF=0.89

220 V, 50 Hz
65V

5 kHz

 
Opto-coupler 
Capacitors   
Charging inductor   
Diodes   

IV. Experimental Results

In the following, a lab-scale eleven-level prototype is developed 
to investigate the viability and performance of the proposed 
SC-CHMI. The switching signals are computed using the 
digital signal processor DSP-F28335 and the LS-SPWM 
switching method. The implemented prototype is depicted in 
Fig. 13, and the components are shown in Table V.

Similar to the simulations, three scenarios are investigated 
for the proposed SC-CHMI topology. In the first scenario, 
the performance of the prototype is tested under a no-load 
condition. The output voltage and its FFT analysis in the 

first scenario (i.e. no loading) are shown in Figs. 14(a) and 
(b), respectively. The proposed topology has successfully 
developed the qualitative ac voltage of 220 V from the input dc 
voltage of 65 V, proving its boosting ability. As shown in Fig. 
14(b), the frequencies of the voltage harmonics with the high 
magnitude are around the multiples of the switching frequency 
and thus far from the fundamental frequency. This is already 
proven in Section III, in which the switching frequency was 
6 kHz and the high frequency harmonics appear around the 
multiples of 6 kHz, as shown in Fig. 14. Consequently, these 
harmonics can easily be eliminated by using a small low-pass 
filter (LPF). Moreover, the switching frequency in MIs can be 
decreased with respect to the number of voltage levels. There 
are several optimized switching methods to further reduce 
the switching frequency, e.g. the synchronous optimal PWM 
method can reduce the switching frequency to ten times the 
fundamental frequency [24]. Nonetheless, it is not aimed 
to optimize the modulation method in this paper and thus 
the switching frequency is arbitrary chosen to be 5 kHz for 
demonstration. 

In the second scenario, the prototype is tested with a 500 
W purely-resistive load. As mentioned before, the charging 
current of the proposed SC-CHMI is directly related to the 
output active power. The capacitors experience high charging 
currents in the purely resistive loading condition, as depicted in 
Fig. 15(a). According to Fig. 15(a), the charging inductor in the 
dc side significantly limits the inrush current of the capacitors. 
Moreover, the ac components of the capacitor voltage ripples 
are shown in Fig. 15(b). The capacitor C5 takes part in all 
levels and thus experiences the largest voltage ripple, while 
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Fig. 14.  Experimental results of proposed eleven-level topology under no-
loading condition. (a) The output voltage and (b) FFT analysis of the output 
voltage.
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the capacitor C1 participates only in the highest level and thus 
experiences the lowest voltage ripple, as observed in Fig. 15(b). 
Moreover, the load current and the output voltage in the second 
scenario (i.e. purely-resistive loading) are shown in Fig. 15(c). 

In the third scenario, a resistive-inductive load with the 
power of 650 VA and the power factor of PF = 0.89 is used to 
evaluate the capability of the prototype in providing reactive 
power. The load current and output voltage are shown in Fig. 
15(d). It is obvious that the proposed SC-CHMI provides 
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Fig. 15.  Experimental verification of the proposed topology. (a) Charging 
currents of the capacitors, (b) the ac components of the capacitor voltages, 
(c) load current and output voltage under purly resistive loading, and (d) load 
current and output voltage under the resistive-inductive loading.

reactive power in the output. The simulation results and 
the experimental tests have confirmed the viability of the 
proposed SC-CHMI topology in providing reactive power and 
generating low-harmonic voltages with one dc source.

V. Conclusion

This paper proposed a new single-source switched-capacitor 
cascaded half-bridge multilevel inverter (SC-CHMI) topology. 
The proposed SC-CHMI requires only one dc source and 
a reduced number of switches. The proposed topology 
features boosting capability and provides higher efficiency. 
Furthermore, the proposed SC-CHMI topology has a modular 
structure and can be scaled-up to a desired voltage level. In 
order to eliminate the inrush currents in the charging stages of 
the proposed topology, the capacitors are charged through a 
charging inductor. The feasibility and viability of the proposed 
topology are verified through the simulation results as well 
as the lab-scaled experimental tests. The performance of the 
proposed SC-CHMI was evaluated in no-load, purely resistive, 
and resistive-inductive loading conditions. The results have 
confirmed the applicability and improved performance of 
the proposed SC-CHMI in terms of the capacitor charging 
currents, the input inrush current, the output current waveform, 
and the capability to provide reactive power.
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