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Abstract—Hybrid Multi-Level Inverter(MLI) topologies are 

gaining attention over conventional ones due to their extended 

applications in the power, industrial and renewable energy 

sectors. MLIs are optimized which can provide compact size, 

reduced cost and higher efficiency compared to the 

conventional types. In this paper, a hybrid structure of novel 

three-phase seven-level inverter is proposed. This topology is a 

combination of cascade-connected two-level cells and H-bridge 

cells with flying capacitors (FCs). The operating principle and 

the balancing technique for the DC-link capacitors and FCs are 

also presented. The generation of various output voltage levels 

using Sinusoidal Pulse Width Modulation (SPWM) is presented. 

The comparative analysis is carried out to show the number of 

components in the proposed circuit configuration and their 

voltage ratings are considerably lower compared to the 

conventional and recently proposed topologies. The 

performance of the proposed topology is verified with 

simulation studies and also in the experimentation. The 

simulation and experimental results validate the effectiveness of 

the proposed topology and the control technique. 

 
Keywords—Multilevel inverters, Hybrid inverters, H-bridge, 

Flying capacitors. 

I.   INTRODUCTION 

MLI technology was started with the three basic topologies, 
namely, (i) Neutral point clamped converter (NPCC), (ii) 
Flying capacitor converter (FCC) and (iii) Cascaded H-
bridge converter (CHBC). The three-level (3-L) NPC [1] was 
introduced by Nabae et.al in the year 1981 to meet the high-
power demands of the industrial needs. Unequal power loss 
distribution and the requirement for a greater number of 
clamping diodes for higher voltage levels are its limitations. 
The FCC [2] is another MLI technology with energy storage 
facility. The requirement for bulky capacitors and the 
complex control algorithms for FC balancing puts a 
limitation on this converter. The CHBC [3] which is 
appropriate for renewable applications requires only power 
semiconductor devices in its structure. It does not require 
clamping diodes and flying capacitors in its structure. 
However, the necessity for independent sources in each H-
bridge cell increases the cost and complexity of the overall 
system.    
 

The problem of unequal loss distribution is nullified in 
the 3-L ANPC converter [4]. Several variants of FCCs [5-6] 
are reported in the literature which limits the requirement of 
bulky capacitors and simplifies the balancing techniques. 
The requirement of independent dc sources in CHBC can be 
reduced by choosing the dc sources of unequal magnitudes 
[7], this strategy results in a reduction of switching devices 
as well. 

In order to reduce the cost of the converter and to 
improve the efficiency of the system, the combinations of the 
classical converters and their several variants were reported 
in the literature. These converters are regarded as the hybrid 
MLIs. The combination of NPC and H-bridge converters is 
proposed in [8], in this topology, the NPC section acts as a 
level generation part and the H-bridge section acts as a 
polarity generation part. This topology generates five-level at 
the output with reduced current and voltage harmonics. 
However, it retains the disadvantages of NPC and it requires 
high voltage blocking switches in the H-bridge. The NPC 
section in recent times has been replaced with a T-type 
structure [9]. The requirement of higher blocking voltage 
switches in H-bridge is reduced by connecting an FC in it 
[10]. The combination of FC and H-bridge results in the 
reduction in blocking voltage of the switches and increase in 
the number of output voltage levels. The higher blocking 
voltage of the switches in H-bridge is reduced by another 3-L 
structure proposed in [11]. 

 
The proposed topology is a combination of Cascaded 

two-level structure and an H-bridge with FC. The proposed 
topology has the merits of reduced blocking voltage of the 
switches compared to [10] and reduced number of 
components compared to the classical converters. The 
proposed topology is fed from a single dc voltage source, the 
dc-link capacitors (C1 and C2) along with the dc source acts 
as a common dc-link for a three-phase system. The dc-link 
capacitor voltage and FC voltage balancing techniques are 
presented.  

II.   WORKING OF THE PROPOSED TOPOLOGY 

 
A. Seven-Level Operation 

Fig. 1 shows the proposed hybrid MLI which is able to 
generate a seven-level output voltage. The DC-link 
capacitors C1 and C2 are connected in series with a mid-point 
(O) acts as dc neutral. The dc source of magnitude Vdc 
charges C1 and C2 to a voltage of Vdc/2 each. According to 
the developed control logic, the FCs Cr, Cy and Cb in H-
bridges are charged to Vdc/4.  

 

The following modes of operation gives the method of 
generating seven-level output across the pole voltages VRO, 
VYO and VBO. The operating modes of the proposed MLI in 
its single-phase structure as shown in Fig. 2 is presented in 
detail as follows. 
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Fig. 1. Proposed seven-level hybrid inverter.

 
Fig. 2. Single-phase diagram of the proposed seven-level inverter. 
 

B. Modes of Operation 

Mode-A [VRO = 0]: Switches S2 and S3 are gated with 
continuous pulses, the combination of S5, S7 and S6, S8 are 
gated during positive and negative zero crossings 
respectively. 

Mode-B [VRO =Vdc/4]: Switch S3 is gated with a continuous 
pulse, the combination of switches S2, S6, S7 and S1, S5, S8 
are triggered during discharging and charging states of FC. 

Mode-C [VRO = Vdc/2]: Switches S1, S3, S5 and S7 are gated 
with a constant pulse to clamp the top capacitor voltage of 
the dc-link.  

  

(a)                                          (b) 
Fig. 3. Zero-level operating modes(a)VRO = 0+, (b)VRO = 0–. 

 
(a)                                          (b) 

 
(c)                                              (d) 

Fig. 4. Positive-level operating modes (a) VRO = VCr, (b)VRO = –VCr+VC1, 
(c)VRO =VC1, and (d)VRO =VCr+VC1. 

 
(a)                                                   (b) 

 
(c)                                                      (d) 

Fig. 5. Negative-level operating modes(a)VRO = –VCr, (b)VRO = VCr–VC2, 
(c)VRO = –VC2, and (d)VRO = –VCr–VC2. 

 
Mode-D [VRO = 3Vdc/4]: Switches S1, S3, S6 and S7 are 
triggered continuously to connect C1 and Cr voltages in 
series aiding.  

Mode-B’ [VRO = –Vdc/4]: The combination of switches S2, 
S3, S5, S8 and S4, S6, S7 are triggered during discharging and 
charging states of FC.  

Mode-C’ [VRO = –Vdc/2]: Switches S4, S6, and S8 are gated 
with a constant pulse to clamp the bottom capacitor voltage 
of the dc-link.  

Mode-D’ [VRO = –3Vdc/4]: Switches S4, S5, and S8 are 
triggered continuously to connect C1 and Cr voltages in 
series aiding.  

Figs. 3, 4 & 5 shows the current direction for the above 
said zero-level, positive-level and negative-level operating 
modes. The list of all operating modes along with the 
conducting devices and the effect of each switching state on 
the FC is represented in Table I. 

 
TABLE I. SWITCHING TABLE 

 
C- Charging, D- Discharging and N.E- No Effect, ×- don’t care, (a)- Status 
of FC, (b) Number of conducting devices/ph and (c) switching state 
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III.  MODULATION METHOD AND DC-LINK VOLTAGE 

CONTROL 

A. Sine-Triangle Comparison 

A Level-Shifted SPWM [12], [13] technique is adapted to 
generate the gate pulses in the inverter switches. The 
modulation method is shown in Fig. 6. The required pulse 
pattern to each switching device is generated using the logic 
blocks to produce the seven-level inverter output across the 
pole-voltages. 

 
Fig. 6. Sine-triangle comparison PWM. 

B. DC-link Capacitor Voltage Control 

A voltage controlling method [14] is adapted to control 
the DC-link capacitor voltages (VC1 and VC2) as shown in 
Fig. 7. It works by sensing one of the dc-link capacitor 
voltages, the error signal obtained by comparing with its 
desired value. This error signal is passed through a 
proportional-integral (P-I) controller, which generates a 
control signal to modulate the reference waveform 
accordingly to control the dc-link capacitor voltages. 

 

 
Fig. 7. DC-link capacitor voltage control. 

IV.  FLYING CAPACITOR VOLTAGE CONTROL 
 

The problem of FC voltage control arises during the 
switching states in which the FC is involved in the 
conduction path. As per Table I, the action of FC takes place 
during the voltage levels of ±Vdc/4 and ±3Vdc/4. The 
availability of both charging and discharging states controls 

the FC voltages during ±Vdc/4 levels. Since there is no 
presence of redundant switching states during ±3Vdc/4 
levels, therefore, the FC voltage control is possible by 
limiting the value of modulation index (ma). The variation of 
voltage ripple in the FC voltage with respect to (w.r.t) ma at 
different power factors (PFs) is shown in Fig. 8.  

 
Fig. 8. Variations of FC voltage ripple in phase-A w.r.t �� at different PFs. 

V.   COMPARISON OF THE PROPOSED TOPOLOGY WITH 

VARIOUS MLI CONFIGURATIONS 
 

The requirement of various components in the proposed 
topology w.r.t the classical and other recently proposed 
topologies is shown in Table II. It can be seen that the 
proposed configuration suppresses the requirement of 
clamping diodes, a huge number of FCs and independent 
sources in NPCC, FCC and CHBC respectively. It also has 
the advantages of reduced switch count and the reduced 
blocking voltage of the switches compared to recently 
proposed topologies in the literature. The need for Vdc 
switches is only three as compared to six in [10]. 

 
TABLE II. COMPARISON OF THE PROPOSED TOPOLOGY WITH VARIOUS 

TOPOLOGIES 

 

VI.  SIMULATION RESULTS 

The operation, working and the performance of the 
proposed 3-phase MLI is evaluated in MATLAB simulation 
and the simulation studies are carried out at 540 V DC-link 
voltage and 135 V FC voltage to obtain 400 V(L-L) three-
phase AC voltages. The gating pulses are generated using 
sine-triangle level shifted PWM technique. The output pole 
voltages of the proposed model are shown at a modulation 
index of 0.8. The working of the voltage controllers for 
balancing the dc-link capacitor voltages and FC voltages are 
also verified. Figs. 9(a)-(c) shows the inverter output results 
consisting of the pole-voltages, line-voltages, phase-R 
voltage and current. Fig. 9(d) shows the steady-state FC 
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voltages of all the three phases. It can be seen that the 
voltage ripple in FC voltages is small. Fig. 9(e) indicates the 
harmonic profile of the pole voltage of the proposed MLI at 
an ��of 0.8. It can be observed that the Total Harmonic 
Distortion (THD) value is 24.12%, which is within the 
specified limits as per the standards of seven-level 
operation.  
 

TABLE III. SYSTEM PARAMETERS 

Parameter Simulation Experiment 

DC-link Voltage  540 V 160 V 

FC Voltage 135 V 40 V 

DC-link Capacitance 1000 µF 1000 µF 

Flying Capacitance 1000 µF 1000 µF 

Output Power (PO) 3 kW 600 W 

Switching frequency (fsw) 4 kHz 4 kHz 

Fundamental Frequency (fm) 50 Hz 50 Hz 

 

 
(a) 

 
(b) 

 

(c) 

 

(d) 

 
(e) 

Fig. 9. Simulation results at �� = 0.8 (a) Pole-voltages, (b) Line-voltages, 
(c) Phase-R Voltage and Current, (d) Steady-state FC voltages, and (e) FFT 
analysis of VRO.   

VII.  EXPERIMENTAL RESULTS 

The experimental scale down prototype is developed for 
a lower dc-link voltage of 160 V. Figs. 10(a)-(c) are the 
three-phase pole-voltages, line-voltages, phase-R voltage 
and current at an ��  of 0.8. Fig. 11(a) shows the transient 
response of Phase-R FC voltage w.r.t load variation. The FC 
voltage ripple is decreasing w.r.t load. This shows that the 
proposed topology is able to handle the load variations with 
a small difference in voltage ripples. 

Fig. 11(b) shows the performance of the DC-link voltage 
controller, it is observed that the dc-link capacitor voltages 
become unbalanced when the controller is off and restores to 
the equal values (balanced) when the controller is switched 
on. Finally, Figs. 11(c) indicates the harmonic graph of the 
pole-voltage of the proposed topology at ��= 0.8.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 10. Experimental results at �� = 0.8 (a) Pole-voltages, (b) Line-
voltages, and (c) Phase-R voltage and current; Time scale (4 ms/div). 
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(a) 

 
(b) 

 
(c) 

Fig. 11. (a) Voltage across FC (Cr) w.r.t load change; Time scale (1s/div), 
(b) Voltages across the DC-link capacitors and current (iR) during the 
controller ON and OFF; Time scale (1s/div), and (c) FFT analysis of VRO at 
�� = 0.8. 

 

VIII.  CONCLUSION 
 

An innovative MLI configuration is proposed in this 
paper with a single dc source, reduced component count and 
reduced voltage rated devices as compared to conventional 
and recently proposed topologies in the literature. A sine-
triangle comparison PWM method is employed in which the 
dc-link capacitor and flying capacitor voltage balancing 
techniques are embedded. The balancing procedures are 
comprehensively presented. The steady-state simulation 
results are presented and the same is verified experimentally 
along with the dynamic variations in load and the operation 
of the controller. 
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