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ABSTRACT: This paper proposes another single-phase five-level converter dependent on switched capacitor
technique. The capacitor charging in the proposed converter is completed in a self-adjusting structure which
doesn't need closed-loop modulations or extra adjusting circuits. The proposed topology is a voltage booster
without utilizing end side H-bridge for changing burden voltage polarity. In this way, switching misfortunes and
absolute voltage worry of semiconductor parts lessen in the proposed converter. The performing methods of the
proposed topology, its modulation scheme, capacitors' adjusting examination, capacitance and misfortune
counts, and furthermore the improvement of the proposed converter for enhancing the nature of yield voltage
waveform are talked about in depth. In addition, the examination of the proposed structure with the other
staggered topologies shows that the proposed converter can diminish the quantity of semiconductor components
and the necessary secluded DC sources. At last, the recreation and trial results approve the fitting execution of
the proposed converter.
I.

INTRODUCTION
NPC suffers from some drawbacks such as
the problem of voltage unbalancing of DC-link
capacitors and high number
of required
semiconductors, especially when the number of levels
increases. These features limit their application in
industry [6, 7]. The volume and cost of FC converter
increases rapidly. Also, the FC multilevel converters
have some other drawbacks like complexity of the
capacitors’ voltage control and high switching losses
[6]-[8]. Due to modularity, symmetrical structure and
the simplicity of its control, there have been special
attention to the CHB inverter; however, the major
weak point of CHB inverter is the need to high
number of isolated DC sources for feeding H-bridge
cells [9].
Classical converters do not have the potentiality of
voltage boosting. The voltage boosting capability will
be essential when the converter is designed for
renewable energy generation systems. Compared with
the classic structures, this converter reduces
semiconductor elements; however, like CHB it
requires two DC power sources to produce a fivelevel waveform. [13] Presents the circuit of Fig.1.b,
which is based on a low switch count three-level pulse
width modulation (PWM) switching cell and a low
frequency switched bridge. It claims that the structure
reduces the number of isolated DC sources in
comparison with CHB with the same number of
semiconductors. [14] Introduces a single-phase fivelevel converter which consists of one H-bridge leg
and another NPC converter leg.
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Dependence on fossil energy resources along
with their cost increment necessitates huge
economical and human investments on new renewable
and sustainable energy sectors which reduce
greenhouse gas emissions. Various families of power
converters are designed for connecting these resources
to the distribution grid and/or local loads. Among
these converters, multilevel inverters play important
role in transforming DC voltage to high quality semisinusoidal AC voltage [1-3]. Compared with twolevel inverters, multilevel converters have significant
advantages. Increasing the number of voltage levels
causes reduction of output harmonic contents which
in turn reduces the output filter size.
This converter charges its capacitor in a selfbalance fashion, and reduces the number of isolated
DC source compared with CHB. It is worth
mentioning that none of the [12-14] structures have
voltage boosting potentiality. [15] Presents anew
active neutral point clamped converter that applies
seven semiconductor switches and three capacitors for
producing a five-level waveform This circuit produces
a maximum voltage equal to half of the input voltage
source in own output. In other words, it is a voltage
reducer. [9], [10] present seven-level and five-level
structures which are brought. They charge their
capacitors in self-balancing form without the need for
complicated modulations. Compared with the circuits
of Fig.1.as to Fig.1.d, the number of semiconductors
used in these two converters has been increased.
However, the main distinguishing advantage of these
topologies over mentioned ones is voltage boosting

capability. This paper proposes anew single-phase
multi-level converter for medium voltage/medium
power applications. The capacitors used in its
structure are balanced in desired voltages without
using any balancing circuits or complicated
modulations. In comparison with the classic
converters, voltage boosting and reduction of the
number of the required circuit elements are among the
advantages of this converter.
II.

LITERATURE REVIEW
A. Nabae, I. Takahashi, and H. Akagi,
proposed A new neutral-point clamped pulse width
modulation (PWM) inverter composed of main
switching devices which operate as switches for
PWM and auxiliary switching devices to clamp the
output terminal potential to the neutral point potential
has been developed. This inverter output contains less
harmonic content as compared with that of a
conventional type. Two inverters are compared
analytically and experimentally. In addition, a new
PWM technique suitable for an ac drive system is
applied to this inverter. The neutral-point clamped
PWM inverter adopting the new PWM techniques
show an excellent drive system efficiency, including
motor efficiency.
Q. A. Le and D. C. Lee, proposed a novel
topology of six-level inverters for a medium-voltage
high-control application is proposed, which comprises
of inward flying-capacitor inverter (FCI) units and
external two-level inverter units. The proposed
topology can diminish the quantity of gadgets,
segments, and disconnected sources contrasted and
the current ones on account of a similar number of
yield voltage steps, which result in a decrease of the
size and weight of the inverters. Likewise, the all-out
power loss of the proposed topology is lower than that
of the diode-clipped and flying-capacitor inverters.
Plus, the assessed expense of the proposed topology is
about 60.5% and 81.3% contrasted and the diodecinched inverters (DCI) and FCI, separately. What's
more, the adjustment method and the control
methodology for the DC-interface capacitor and
flying-capacitor voltages are produced for the
proposed topology. The viability of the proposed sixlevel inverter for the medium voltage applications has
been confirmed by reproduction results. Additionally,
the practicality of the proposed inverter has been
demonstrated by test results for the model at the lab.
V. Dargahi, A. K. Sadigh, M. Abarzadeh, M.
R. A. Pahlavani, and A. Shoulaie, proposes an
improved setup of twofold flying capacitor multi cell
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(DFCM) converter. The principle promotion vantages
of the proposed converter, contrasted with the
customary DFCM converter, are the multiplying of
the quantity of yield voltage levels and improvement
of the yield voltage recurrence range. This
advancement is accomplished by including just two
low-control switches and one dc voltage source,
whose voltage rating is a little portion of the principle
dc-connect voltage rating, to the customary design of
the DFCM converter. Be that as it may, the number
and voltage rating of high-recurrence switches and
capacitors and the quantity of high-recurrence
exchanging's during a full cycle are kept steady. The
multiplying of the quantity of yield voltage levels in
the proposed converter makes it conceivable to
diminish the quantity of cells, the quantity of flying
capacitors, just as their voltage rating and the measure
of put away vitality in flying capacitors. In addition, a
tweak strategy dependent on stage moved transporter
beat width balance is proposed to control the new
converter. Reenactment and estimated exploratory
outcomes are introduced to represent the presentation
of the proposed setup and its control procedure.
X. Sun, B. Wang, Y. Zhou, W. Wang, H. Du,
and Z. Lu, proposed a novel fell seven-level inverter
topology with a solitary information source
coordinating exchanged capacitor strategies is
introduced. Contrasted and the customary course
staggered inverter (CMI), the proposed topology
replaces all the different dc sources with capacitors,
leaving just a single H-connect cell with a genuine dc
voltage source and just includes two charging
switches. The capacitor charging circuit contains just
power switches, with the goal that the capacitor
charging time is autonomous of the heap. The
capacitor voltage can be controlled at an ideal level
without complex voltage control calculation and just
utilize the most widely recognized transporter stage
moved sinusoidal heartbeat width regulation (CPSSPWM) methodology. The activity rule and the
charging-releasing trademark investigation are talked
about in detail. A 1kW trial model is assembled and
tried to confirm the practicality and viability of the
proposed topology.
III.

PROPOSED METHODOLOGY
This paper proposes a new single-phase
multilevel converter for medium voltage/medium
power applications. The capacitors used in its
structure are balanced in desired voltages without
using any balancing circuits or complicated
modulations. In comparison with the classic

converters, voltage boosting and reduction of the
number of the required circuit elements are among the
advantages of this converter.
The proposed single-phase five-level
converter is shown which consists of a switchedcapacitor cell (SCC) and two half-bridge cells (HBC).
Two HBCs are located at the two sides of SCC and
transform voltage produced by SCC to the load
terminals. Note that, only one voltage source (with the
magnitude of VDC) is used in the proposed topology.
Photovoltaic cells, batteries, and fuel cells can be
applied as input voltage source in this structure. The
most important benefit of the presented circuit is its
voltage boosting capability. For achieving this goal,
one power supply, two capacitors, four diodes, and
seven power switches are required electric
components.
A. Circuit Topology
The proposed single-phase five-level converter is
shown in Fig.2, which consists of a switchedcapacitor cell (SCC) and two half-bridge cell (HBC).
Two HBCs are located at the two sides of SCC and
transform voltage produced by SCC to the load
terminals. Note that, only one voltage source (with the
magnitude of VDC) is used in the proposed topology.
Photovoltaic cells, batteries, and fuel cells can be
applied as input voltage source in this structure. The
most important benefit of the presented circuit is its
voltage boosting capability. For 1VDC input source, it
can produce a five-level AC output voltage with
voltage levels of 0, ±1VDC and ±2VDC. For
achieving this goal, one power supply, two capacitors,
four diodes, and seven power switches are required.
B. Capacitors’ Balancing Analysis
C1 and C2 capacitors can be charged with input
source through charging switches (i.e. Sa, Sb and Sc)
and left side HBC based on different switching states.
For charging C1, S1 and Sc are needed to be turned
on. In this state, C1 is parallelized with the source
through anti-parallel diode of Sb and is charged up to
1VDC voltage level. Note that when C1 is on
charging state, Sa and S2 switches are inactive.
Similarly, for charging C2, S2 and Sc are needed to be
turned on. In this state, C2 is parallelized with the
source through anti-parallel diode of Sa and is
charged up to 1VDC voltage level. Nota that Sb and
S1 switches are inactive during on charging mode of
C2. Therefore, ignoring voltage drop in charging path,
each capacitor is charged up to voltage value of input
source. These capacitors are discharged across the
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load which would be explained in subsequent section.
For preventing excessive of capacitors’ voltage drop
at discharging intervals, mathematical calculations
would be presented in section III with the purpose of
determining appropriate capacitance to constraint
voltage ripple in an allowable range.

Circuit arrangement of the proposed converter (V Load
= Va-Vb)
C. Generation of Output Voltage Levels
For the proposed five-level converter, switching states
and associated charging and discharging modes of
capacitors are listed in Table I. Note that, “1” and “0”
are indicative of ON and OFF states of mentioned
switches. Charging, discharging and no change mode
of capacitors are shown with “▲”, “▼” and “–”,
respectively. The required five voltage output levels
(0, ±1VDC, ±2VDC) are generated as follows:

D. Analysis of Switches Voltage Stress (VS)
By activating S1 (S2), the maximum voltage that S2
(S1) should tolerate is equal to the input source value
(i.e. 1VDC). When S3 (S4) becomes ON, the sum of
voltages of two capacitors (i.e. VC1+VC2) would be
across S4 (S3). Therefore, S3 and S4 should tolerate
maximum voltage of 2VDC. In a similar way, by
turning Sa (Sb) on, the maximum voltage which Sb
(Sa) should tolerate is equal to 1VDC. When S1 and
Sa (or Sb and S2) are active, the maximum voltage
that Sc should tolerate is equal to a capacitor’s voltage
(i.e. 1VDC).

E. Modulation Strategy
Different types of modulation methods are applied in
multilevel converters with the aim of generating a
semi-sinusoidal staircase output waveform [1]. In this
work, a phase disposition PWM (PD-PWM)
technique is used to provide gate signals for the
switches. The main advantage of this method is its
simplicity and lower total harmonic distortion [3]. For
IV.

proposed 5-level converter, four triangular carrier
waves (Vt1 to Vt4) are compared with a reference
sine wave (Vref) to produce proper fire pulses for the
switches. Carrier waves have the same frequency (ft)
and magnitude (At), but offset voltages are different
(see Fig.4). For instance, when Vref >Vt1, based on
the switching pattern listed in Table I, S1, Sa and S4
switches are turned on to produce +2VDC level.

SIMULATION AND EXPERIMENTAL VERIFICATIONS
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V.
CONCLUSION
In this paper, a solitary stage five-level exchanged
capacitor converter is proposed, which is mix of an
exchanged capacitor cell (SCC) and two halfconnect cell (HBC). The capacitors' charging in the
proposed topology is completed in self-adjusting
structure and the charging time is autonomous of
the heap. The principle thought of the proposed
setup is to decrease the quantity of intensity
gadgets alongside boosting ability. Contrasted with
other five-level converters, the proposed topology
decreases the quantity of DC power supplies,
semiconductor switches, diodes, size and cost of
the framework. Basic design, simple control and
voltage supporter are the principle advantages of
the proposed converter. Operational methods of
proposed topology and its balance system,
capacitors' charging investigation and voltage
worry of the switches, capacitance and power
misfortunes estimations are exhibited top to
bottom.
VI.
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