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Abstract: Multilevel inverters (MLIs) have become a favoured option for medium voltage and high power DC to AC
conversion applications to assure high power level cascade type inverter which accepts multiple/single DC sources
and offers combined AC output for appropriate voltage and frequency. MLIs provide various benefits over two-level
inverters, including lower dv/dt, the capacity to handle greater voltage levels, a quasi-sinusoidal output waveform, and
lower Total Harmonic Distortion (THD), among others. The biggest problem in adopting the MLI is the increasing
number of switches and it's design. MLIs based on switched capacitors (SC) for boost-type DC-AC converters often
demonstrate a trade-off among switch voltage rating and switch count. This work introduces a new 5-level(5L) SC
inverter by adding a switched capacitor module into the usual 3L neutral point clamped inverter leg(NPC). The SC
unit consists of one bidirectional switch and two capacitors capable of withstanding one-quarter of the DC voltage.
When compared to typical 5L inverters, such as standard NPC and active NPC designs, the new approach in addition
reduces the amount of switches but also shorten the topology. The proposed FLSCI has been examined by using several
PWM techniques. The simulation and hardware results showed that the presented FLSCI is ideal for a broad variety
of applications.
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1. Introduction

Increasing the switching frequency in a simple two-level inverter reduces the output voltage's
harmonics, resulting in increased voltage stresses and switching losses due to a reduction in the output
voltage's step count. The drawbacks of the two-level inverter pique interest in multilayer inverters
(MLIs). MLI was introduced in 1991, and its progress has been rapid over time.

MLIs are widely used in several industries today, especially for medium voltage and high power
applications [1]. MLIs produce a staircase waveform that closely resembles a sinusoidal signal and
has less harmonic distortion by using more DC supply and switches [2]. Over conventional two-level
inverters, MLIs provide a number of advantages, including a greater basic output voltage, a reduced
switching loss and common mode voltage, a decrease in EMI, and a decrease in THD [3]. Because to
these advantages, MLIs are applicable to a variety of applications, including HVDC, FACTS, electric
vehicles, and solar power systems. The most common ML topologies are the CHB inverter, created
by Peng et al., the flying capacitor (FC) inverter, found by Meynard et al., and the NPC inverter,
discovered by Nabae et etc. FC utilizes capacitors in a ladder structure, while NPC uses diodes. NPC
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and FC both need more power components to achieve greater inverter levels, and they also suffer
with voltage imbalance [3]. In the CHB topology, H-bridge cells are linked in series, and the modular
architecture is established by requiring each cell to have its own DC source. This CHB architecture
is advantageous for both single-phase and three-phase power conversion. CHB MLIs are suited for
PV applications and are one of the three core MLI topologies.

However, the total amount of output levels of these MLIs is limited by various inherent restrictions.
NPC, for example, uses 12 clamping diodes in addition to eight active power switches, while FC
utilizes six capacitors for each phase of 5L structure. Auxiliary circuits are also required to balance
the voltages of the four DC rail capacitors utilized in the 5L NPC. The term "electronic commerce"
refers to the sale of elec-tronic goods. Numerous innovative structures of 3-ph 5L inverters are created
in latest years to overcome the aforementioned restrictions. The 5-level classical active NPC inverter
described in [4] in particular incorporates parts of 3L ANPC and 3L FC.

The 5L nested NPC inverter presented in [5], on the other hand, utilizes two FC and 2 bidirectional
power switches. Here actuality, the standing voltage for each switch in the nested NPC is the identical
as in the classic ANPC. And T-type nested NPC 5L inverter shown in [6] has fewer bi-directional
switch than in NNPC, however it needs wide advanced control technology. These cutting-edge
inverters have fewer components than ordinary 5L FC and NPC inverters. To make sure that voltage
re-mains maintained about one-quarter with respect to DC voltage, the voltage across capacitor
should be maintained, such that a difficult management method is necessary.

Furthermore, [7] present a 5L asymmetric hybrid HB inverter made of a bridge leg and a T-model leg
to diminish the switching device count. In [8] develops a hybrid 5L-ANPC FB inverter for single-
phase applications. Because each of the 2 inverters has 2 asymmetric legs, their 3-phase extensions
need six legs. To regulate the MLIs, many modulation approaches are available in the literature [9—
11].

In this work, the aim is to directly derive a new 5L inverter among the existing 3L NPC design
utilizing the minimum supplementary circuit. By instantly inserting a SC unit into a 3L NPC phase-
leg, a novel 5L inverter is built based on this notion. As a consequence, mature 3L NPC modules
might be used to build the novel 5L inverter. Furthermore, this innovative inverter features an inherent
balanced capacitor, an easy circuit design and control method, a low common-mode voltage (CMV)
and switching frequency.

This paper is organized with V sections; Section-I deals with the introduction and literature part of
exiting work. The proposed FLSCI is explained in detail in section I1. The simulation results of FLSCI
and discussion are reported in section Ill. The experimental analysis and comparative analysis of
proposed FLSCI is reported in section IV and finally concluded in section V.

2. Proposed Five-Level Switched Capacitor Inverter (FLSCI)

Figure 1 depicts the proposed FLSC inverter. Its phase leg is created immediately by putting a SC
unit into the usual 3L NPC phase-leg composed of Si, Sz, S4, Ss D1 and D». The SC unit is made up
of 4 capacitors C1, Co, C3 and C4 as well as one bidirectional switch Sz, which is often made up of
two anti-series linked transistors.C1, Coare DC link capacitors. The suggested FLSC inverter may be
realized by merging several commercial 3L NPC module among a less voltage switched capacitor
module. This is quite useful in terms of reducing design difficulties and expediting
commercialization. To ease analysis, all components used in the 5L inverter are considered to be
perfect, and because all capacitors are so large, their voltages may seem constant. For each phase of
FLSCI, five switches S; to Ss are used, as illustrated in Fig. 1. At any one moment, just one of Sy, Sz
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or Ss3 is switched ON, while the other two are turned OFF. The two switches, S4 and Ss function in a
complimentary way.
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Figure 1. Proposed five level switched capacitor inverter (FLSCI)

Table 1. Switching logic of proposed FLSCI Topology

Voltage Level S1 S2 Ss Sa Ss Cs Cs
+0.5Vpc 1 0 0 1 0 C C
+0.25Vpe 0 1 0 0 D N
0 0 0 1 1 0 C C
-0.25Vpc 0 1 0 0 1 N D
-0.5Vpc 0 0 1 0 1 C C

Table 1 shows the switching logic of presented FLSCI. It should be noted that 0 and 1 reflect the OFF
and ON states of the associated switches, correspondingly. The states of capacitors are denoted by
the letters N, D and C' which stand for idle, discharging and charging respectively. Figure 2 depicts
the state circuits for different voltage levels.

3. Simulation Results

In this work, to validate the proposed FLSCI topology, MATLAB simulation analysis is carried out.
Different PWM techniques are used to produce pulses to the switches in FLSCI. The simulation
parameters are considered as: RL load (R=100Q2 & L=110mH), DC supply is 600V and sampling
time is 1/2500sec. The SCNLBI phase current and voltage wave forms for diverse values of
modulation indices by using sinusoidal pulse width modulation (PWM) [12], offset PWM [13], total
harmonic injection(THI) PWM[14] & space vector PWM[15] are shown in Fig.4 at unity modulation
index, which confirm the validation of presented FLSCI topology.
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Figure 2. Conduction path of proposed FLSCI for different voltage levels
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Figure 3. FLSCI inverter load current and voltage (a) SPWM (b) Offset PWM and (c) SVPWM

and (d) THI-PWM techniques.
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4. Hardware Results

In order to validate the proposed FLSCI topology, hardware results have been presented for different
modulation techniques such as sinusoidal PWM, Offset PWM THI PWM and SVPWM techniques.
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Figure 4. Proposed FLSCI hardware load voltage by using (a) SPWM technique, (b) THI-PWM
technique and (c) Offset PWM technique and (d) SVPWM Technique.
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The parameters considered for hardware results are same as simulation parameters. The FLSC
inverter phase voltage by using SPWM, THI-PWM, Offset PWM and SVPWM techniques are shown
in Fig .4 at unity modulation index. These results validate the effectiveness of proposed FLSCI
topology. The comparison of proposed FLSCI topology in terms of switch count, capacitors count,
diode count, voltage stress, voltage gain and self balancing capability with the existing 5L MLIs and
three conventional MLIs is shown in Table 2. As the proposed 5L MLI topology requires lower
components such that number of gate driver circuit’s requirement also less, which makes overall cost
and complexity to design the proposed 5L ML is less compared to existing such 5L MLIs.

Table 2. Comparison of various FL MLIs

No. of No. of No. of Output Maximum Self

Topology Switches Capacitors Diodes voltgge blocking balangipg

gain voltage  capability
CHB MLI 8 0 0 1 1 --
FC MLI 8 10 0 1 1 No
DC MLI 8 4 6 1 1 No
[16] 7 1 4 2 4 Yes
[17] 8 1 0 2 4 Yes
[18] 6 2 0 1 2 No
[19] 8 2 0 1 2 No
[20] 12 5 0 1 1 No
[21] 6 1 2 1 3 No
[22] 8 1 0 1 3 No
[23] 6 1 0 1 3 No
[24] 8 1 0 1 3 No
Proposed FLSCI 6 2 2 1 2 Yes

5. Conclusion

A new 5L inverter is constructed in this work by incorporating a low-voltage switched capacitor unit
consisting of a two-way switch and a couple of capacitors forms a typical 3L NPC phase-leg. In
contrast to a traditional 5L neutral point clamped topology, that equalizes DC link voltage across
capacitors with additional balancing circuits or advanced logical algorithms, the unique design
diminishes the components count while maintaining reactive power capabilities. The comparison
analysis reveals the effectiveness of the presented FLSCI topology in terms of lower components like
power switches, diodes and capacitors, inherent balance, voltage boosting and blocking capability.
Different PWM techniques such as SPWM, THIPWM, Offset PWM and SVPWM have been
implemented on FLSCI. MATLAB simulation and hardware results show the validation and
effectiveness of presented FLSCI topology.
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