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Letters

Quadruple Boost Multilevel Inverter (QB-MLI) Topology
With Reduced Switch Count

Atif Iqbal , Senior Member, IEEE, Marif Daula Siddique , Member, IEEE, B. Prathap Reddy , Member, IEEE,
and Pandav Kiran Maroti , Member, IEEE

Abstract—Multilevel inverter concepts (MLIs) with switched
capacitor (SC) are emerging due to their scope in sustainable energy
systems as well as high-voltage applications. In the SC technique,
required voltage levels can be achieved with the lesser number
of dc sources in combination with the capacitor voltage. In this
perspective, the design of high-gain MLI with reduced sources as
well as switch count is a challenging task. This letter proposes a
single-source-driven quadruple boost multilevel inverter topology
(QB-MLI) with lesser order of resources over the other SC MLIs.
The proposed QB-MLI is capable to produce nine levels of voltage
in output by effectively balancing the two capacitor’s voltage with
the associated control logic. The different SC MLIs are compared
to verify the pros and cons with respect to the contribution of
the proposed QB-MLI topology. Detailed experimental results at
various test conditions of a laboratory set-up have been presented
to validate the performance of the proposed QB-MLI.

Index Terms—Boost capability, multilevel inverter (MLI),
reduced switch count, quadruple topology.

I. INTRODUCTION

ONE of the most prevalent approaches for the power conver-
sion from dc to ac, which is involved in the photovoltaic

(PV) cells and fuel cell types renewable energy system (RES),
is multilevel inverters (MLIs). Higher voltage operation with
low-voltage stress on switches, reduced dv/dt, and improved
harmonic profile of the output voltage constitute key advan-
tages of MLIs. The three conventional types of MLIs, i.e.,
cascaded H-bridge (CHB), flying capacitor (FC), and neutral
point clamped (NPC) have been proposed over the last few
decades. The number of isolated dc sources in CHB, capacitors
in FC, and clamping diodes in NPC are accumulative for the
increase in output levels. In addition, the topologies with FC and
NPC configurations necessitate external circuits and complex
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control algorithms in order to assert the balance of the voltage of
capacitors. With the RES, the boosting of the voltage is required
for the higher voltage applications. In order to achieve a higher
magnitude or boosted output voltage, a dc–dc boost converter
after input or transformer is required on the load side. All these
lead to complicated, voluminous, and expensive inverter systems
[1], [2].

A new practice to overcome the abovementioned shortcom-
ings, multilevel inverters based on the switched-capacitor con-
cept has been reported in [3]–[11]. The switched-capacitor (SC)
MLI can efficiently increase the voltage levels at the output
along with boosting the input voltage. In [3], a single dc source
topology was proposed without the use of a backend H-bridge.
The topology in [3] has lower voltage stress on the individual
switches, but the number of capacitors and power switches also
increases as the voltage levels increase. In [4] and [5], two 9-level
SC-MLI with single source configuration have been proposed,
in which the balancing of capacitor voltage is achieved without
using auxiliary circuits and complicated control. However, their
voltage boosting factor is only 2. The inverter was recommended
in [6] with a voltage boost increase of 4 using a lower count of
capacitors and switches, but in this topology, two switches are
rated for higher voltage blocking. In [7], a single source SCMLI
was introduced with a quadruple voltage gain, where the inverter
requires the higher order of switches and that is rated for ≤2
times of input dc voltage.

Many topologies with an appropriate agreement for a diversity
of applications with the higher voltage gain are reported in
[8]–[11]. In [9]–[11], backend H-bridge is used to generate
a negative voltage level. The four switches of H-bridge must
maintain the peak load voltage stress and are, therefore, not
suitable for the applications requiring high voltage. To improve
the abovementioned disadvantages, a new quadruple boost mul-
tilevel inverter topology (QB-MLI) has been proposed with
a reduction in the number of switches and capacitors. The
proposed MLI is suitable for low-voltage involved renewable
energy sources such as photovoltaics, fuel cell-driven electric
vehicles, and other applications with the involvement of low
to high voltage requirements. The performance validation of
the proposed QB-MLI has been done with the experimental
prototype. The comparative analysis of the proposed QB-MLI
over other SC-based MLIs in the literature with respect to the
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Fig. 1. Proposed quadruple boost topology.

TABLE I
SWITCHING STATES FOR THE PROPOSED QB-MLI

Notations: 0 = OFF state of the switch, 1 = ON state of the switch, ─ = no change in
capacitor voltage, C/D = charging and discharging of capacitor.”

switching devices, passive elements, and other performance
indices is presented.

II. PROPOSED TOPOLOGY

A. Description of the Proposed QB-MLI

The circuit configuration of the proposed inverter is shown in
Fig. 1. With the utilization of 11 switches and one diode as power
semiconductor devices, the proposed topology generates 9-level
waveform with a quadruple voltage gain. Out of 11 switches,
the switches S4 and S7 are configured as reverse blocking (RB)
switches, i.e., a switch without its antiparallel diode, and the
remaining other switches are configured as a switch with its
antiparallel diode. The quadruple voltage gain is achieved with
two capacitors having a voltage rating of Vdc and 2Vdc with
Vdc being the magnitude of the source voltage. The proposed
inverter can be suitable for the applications like, solar PV, fuel
cell, battery power applications, industrial drives, etc., as shown
in Fig. 1. The equivalent switching circuit with the current flow
for the positive voltage levels is shown in Fig. 2. The negative
voltage levels can be visualized from the switching logic given
in Table I.

Fig. 2. Current flow for all positive voltage levels of the proposed QB-MLI.

B. Self-Voltage Balancing of Capacitors C1 and C2

As the voltage/current sensor(s) are absent, self-voltage bal-
ance is one of the most desirable characteristics of SC-based
converters. Capacitors C1 and C2 attend self-balanced using a
technique based on the series-parallel connection in the pro-
posed QB-MLI. As given in Table I, the capacitor C1 and dc
source are in parallel connection at the output voltage levels
of zero, ±Vdc, and ±3Vdc. The C1, therefore, charges up to
the voltage level Vdc. During the voltage level of ±2Vdc, the
series connection of the capacitor C1 and dc source is parallel
with the load and capacitor C2, it helps to charge C2 to voltage
level 2Vdc. For the ±3Vdc output voltage, both C1 and C2 are
charged and discharged, respectively. Finally, both capacitors
are discharged at the ±4Vdc level. Fig. 3 shows the pattern of
charging and discharging of capacitors C1 and C2 for the positive
voltage levels. The overall charge path time constant (due to
parasitic elements) is relatively lesser than the time interval
of each voltage level and, thus, guarantees rapid charging of
the capacitors C1 and C2. However, the voltage of C1 and C2

begins to decrease from their nominal value during the discharge
period to the next charge period. Therefore, taking into account
the corresponding maximum discharge time of C1 and C2, the
minimum capacitance value required to allow for an adequate
voltage ripple (ΔV) for the peak load current (Io,peak) with f
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Fig. 3. Staircase output voltage with pattern of capacitor voltage.

Fig. 4. Switching logic for gate pulse generation.

being the frequency of the output voltage is as follows:

C1 =
Io,peak

π×f×ΔV ×ΔT1

C2 =
Io,peak

π×f×ΔV ×ΔT2

}
(1)

whereΔT1 = t′4 − t4 is the duration of the voltage level of 4Vdc

and ΔT2 = t′3 − t3 is the duration of the voltage levels of 3Vdc

and 4Vdc.

C. Modulation Technique

The inverter is modulated with the sinusoidal pulsewidth mod-
ulation, where one sine reference (Vref) having a peak magnitude
of one and eight level-shifted carrier waves equally distributed
between –1.0 to 1.0 have been used. Fig. 4 shows the switching
logic for the proposed QB-MLI. For varying the output voltage
magnitude, the magnitude of reference is varied to change the
modulation index. With this arrangement, the modulation index
is the same as the peak magnitude of the reference signal.

Fig. 5. Efficiency comparison.

III. COMPARATIVE ASSESSMENT

For a fair comparison, the proposed MLI is compared with the
other MLI having the same number of levels with the quadruple
voltage gain and is presented in Table II. The main objective
of the proposed topology is to generate a high-quality output
voltage waveform using a lower number of components. In the
proposed topology, ten switches have been used to generate the
nine-level output voltage waveform with a voltage gain of 4.
The topologies presented in [6] and [10] require a lower number
of controlled devices; however, the number of diodes in the
topology presented in [6] and [10] are higher compared to the
proposed topology. For attaining the quadruple voltage gain,
the proposed topology requires two capacitors of the voltage
rating Vdc and 2Vdc each, whereas the topology in [6] requires
three capacitors out of which two capacitors need to be of 2Vdc

and one of Vdc voltage rating. An additional capacitor of higher
rating results in the higher cost, losses, and complexity to control
their charging/discharging. In the proposed QB-MLI, only two
capacitors are used, which is the same as the topology of [7];
however, the number of switches in [7] is 12, whereas only 10
switches have been used in the proposed QB-MLI.

The number of conducting devices in the charging loop of
the capacitors, i.e., NSC is another important parameter for the
SC-based topologies. The devices in the charging loop need to
be of higher current rating to handle the capacitor’s charging
current. For the proposed topology, only four devices of higher
current ratings are required, whereas for the other topologies
presented in [3], [6]–[11], a higher number of devices is required
in the charging loop. The higher number of NSC leads to higher
costs and losses.

The total number of conducting devices during each voltage
level is indicated by total conducting devices (TCD). From
Table II, it can be concluded that the proposed QB-MLI has
the minimum number of conducting devices during each level.
However, the total standing voltage per unit (TSVpu) is also less
as compared to other MLI except [3], [7], and [8]; however, these
topologies require a higher number of components.

To further assess the proposed QB-MLI, a cost function (CF)
has been defined as described by [4] the following:

CF = Nsw +Nd +Nc(1×NC_V dc + 2×NC_2V dc)

+Nsc + αTSVpu + βTCDavg (2)
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TABLE II
COMPARISON TABLE FOR DIFFERENT NINE-LEVEL TOPOLOGIES WITH QUADRUPLE VOLTAGE GAIN

Nsw/Ngd/Nd/Ncom/Nc/VRC = Number of switches/number of gate driver circuit/number of diodes/total number of components (Nsw+Nd)/number of capacitor/voltage
rating of capacitors, Nsc = number of devices in charging loop, TSVpu = total standing voltage in per unit, TCD = total conducting device.

where α and β represent the weight coefficients of TSVpu and
TCDavg, respectively. The values of α and β are not equal, and
if both values selected are more than 1, then TSVpu and TCDavg

are considered dominant for the comparison; otherwise, the cost
of the switch, capacitor, and gate driver circuit has dominance for
the CF if the values ofα and β are less than 1. The estimated cost
of the proposed MLI is calculated with different combinations
of the α and β value and the same is tabulated in Table II. It is
observed that the CF value for the proposed QB-MLI is lower
as compared to other discussed MLI.

Furthermore, efficiency plots of different topologies used for
the comparison have been provided in Fig. 5. The efficiency for
different topologies has been computed using PLECS software
in which the topologies are thermally modeled for the power
loss analysis. For all topologies, the same parameters have been
used for the efficiency estimation, i.e., Vdc = 50 V, C= 2200 μF,
and carrier frequency = 5 kHz. From Fig. 5, the peak efficiency
of the proposed topology is 98.2%. Furthermore, the efficiency
of the proposed QB-MLI is higher than all other topologies due
to the lower component count of lower voltage ratings as well as
lower conduction losses. Therefore, from Table II and Fig. 5, the
performance of the proposed QB-MLI is better than the other
topologies used for the comparison.

IV. RESULTS AND DISCUSSION

To validate the effectiveness of the proposed quadruple boost
multilevel inverter, a PCB-designed circuit is implemented in the
laboratory with discrete components like switches, capacitors,
diodes, etc., and is shown in Fig. 6. The proposed topology has
been tested for a rating of 500 W. The key components as well
as parameters used for performing the experiment are given in
Table III. The experimental results for a modulation index (MI)
of 1.0, with RL load are shown in Fig. 7(a), where the results
are shown for an open-circuited load, RL load (80 Ω–80 mH),
and step change in RL load (two parallel-connected RL loads,
80 Ω–80 mH). From this figure, it is seen that the output voltage
(Vo) has nine-levels, the voltage of capacitors C1 and C2, i.e.,
VC1 and VC2, are balanced, with their voltages being 50 and 100
V, respectively. The peak voltage/current (Io) is 200 V/2.5 A
and 200 V/5 A for the loads 80 Ω–80 mH and 40 Ω–40 mH,
respectively. The experimental results for a change in load type

Fig. 6. Experimental prototype of proposed QB-MLI topology.

TABLE III
EXPERIMENTAL PROTOTYPE DETAILS

from R load to RL load with MI = 1.0 are shown in Fig. 7(b),
where the results are given for loads 80 Ω and 80 Ω–80 mH,
respectively. From this figure, it can be seen that with the R load
the voltage and currents are in-phase and with the RL load the
currents lag the voltage.

The proposed nine-level QB-MLI has also been experimen-
tally validated for RL load (40 Ω–40 mH) with various modula-
tion indices (i.e., 1.0, 0.75, 0.50, and 0.25, respectively) as shown
in Fig. 8(a). In this figure, it can be seen that the diminution in
the MI reflects in the number of levels of output voltage, i.e.,
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Fig. 7. Experimental results of a proposed nine-level inverter with change in
(a) RL load, (b) load type [Vo = 100 V/div, VC1 = 100 V/div, VC2 = 100 V/div,
and Io = 5 A/div].

nine-levels, seven-levels, five-levels and three-levels for MI =
1.0, 0.75, 0.50, and 0.25, respectively. The current magnitude
will come down with a reduction in MI since the load remains
the same. The experimental results of a proposed inverter for an
RL load with the MI = 1.0 and change in frequency from 50 to
100 Hz are shown in Fig. 8(b). The results shown in Figs. 7 and
8 are the evidence that the proposed 9-level QB-MLI is capable
to operate effectively under various operating conditions like a
step change in load, change in load type, a step-change in MI,
and change in the frequency. Moreover, at these test conditions,
the capacitor voltages are balanced with the proposed control
logic.

The experimental prototype efficiency study for 100–500 W
output power has given in Fig. 9, where the efficiency and power
loss curve has been shown with respect to output power. From
Fig. 9, it can be observed that the efficiency is inversely propor-
tional to power loss of the proposed converter. The experimental
efficiency of the proposed topology is 96.25% at an output power
of 100 W, and an efficiency of 94.3% was measured at an output
power of 500 W. The experimental efficiency (shown in Fig. 9)
is slightly lesser than the simulation efficiency (shown in Fig. 5),
because of the, first, ideal active and passive components in the
simulation, second, mismatch of effective internal resistance of
semiconductor devices (internal as well as parasitic elements)
in simulation as well as experimental.

Fig. 8. Experimental results of a proposed nine-level inverter with a change in
a (a) step change in MI and (b) frequency [Vo = 100 V/div, VC1 = 100 V/div,
VC2 = 100 V/div, and Io = 5 A/div].

Fig. 9. Experimental efficiency and power loss curve.

V. CONCLUSION

In this letter, an improved circuitry of a single dc source-based
SC multilevel inverter topology was proposed to attain higher
voltage gain. The proposed QB-MLI was comprised of a lesser
number of switching components with lower voltage ratings.
The proposed QB-MLI gave a quadruple gain in output voltage
by effectively utilizing the two capacitors and one low-voltage dc
source. The inherent balancing of capacitors was done according
to the switching logic of the proposed MLI. The comparison
study in terms of the component count, cost function, and
efficiency have shown the merits of the proposed QB-MLI
over other SC-based MLIs. The experimental test results at
various operating conditions demonstrated the effectiveness of
the proposed circuit operation.
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