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Abstract— This paper proposes a five-level inverter topology based on an H-Bridge structure with 

four switches connected to the DC-Link. A new PWM method uses only one carrier signal which is 

based on a POD (Phase Opposition Disposition) modulation technique. The switching sequence for 

stabilizing the capacitor voltage is also determined. Additionally, to improve the number of the voltage 

level minimum number of components are required. Working principle of the proposed inverter is 

justified using simulation. At first, the simulation of the proposed circuit is carried out using pulse 

generators to obtain the 5 levels of voltage. Secondly, single carrier POD technique is used to obtain the 

voltage levels. The sinusoidal current and voltage waveforms are obtained using an LC filter and they 

are compared. This can be also extended to nine level inverters with the same number of H-bridge 

switches.   

Keywords— PWM, Multi-level Inverter, POD technique, PV array. 

I. INTRODUCTION 

Grid connected inverter systems are becoming more effective in fulfilling the growing demand for 

renewable energy sources. The following conditions should be satisfied for grid-connected operation: the 

inverter has to create a pure sinusoidal output voltage and the inverter output current should hold low total 

harmonic distortion (THD). Traditionally, in grid-connected operation, a two-level inverter is used. In a two-

level inverter, the inductance of the output filter inductor need to be high enough or the switching frequency 

should be high to satisfy the required THD. The two-level inverter complications are removed by introducing 

multi-level inverters (MLIs) for grid connected inverter.  

The multi-level inverters can be classified into three types: neutral point clamped (NPC), flying 

capacitor(FC), and cascaded type. The switching frequency and device voltage rating can be reduced 

compared to those of a conventional two-level inverter for the identical output voltage. Therefore, IGBT 

switching loss can be minimized and consequently, the inverter system effectiveness can be improved [1]-[4].  

In this proposed multi-level inverter topology, a circuit using four switches is connected to the dc-link 

based on H-bridge topology. For generating PWM signals for inverters it uses only one carrier signal which 

makes it simple. Further, to balance the voltage of dc-link the switching sequence is determined. Finally, using 

Matlab simulation the suggested topology of the MLI is verified. 

II. MULTI-LEVEL INVERTER 

Consider the inverter circuit, if Vdc is DC voltage source then some nodes are generated by capacitors 

connected in series from energy tank of the inverter to which multi-level inverters can be connected. The DC 

voltage across capacitor is given by, 
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                                 Em = Vdc/(m-1)           (1) 

Where m is the number of voltage levels. The level is the number of nodes which are accessible by the 

inverter. There are (m-1) capacitors in an m-level inverter. The output voltage across load and ground input 

node voltage and current can be referred to input terminals with reference to ground point corresponding 

currents from each node of the inverter. Bidirectional switching devices are required in each node for actual 

realization. In this topology, the switching devices must be less in number, it should be able to tolerate high 

input voltages for high power applications and the switching frequency for the switching devices should be 

low. In a very high power conversion processing system, the utilization of multilevel concept is considered to 

be an advantageous option. The benefits of this multilevel technique incorporate better power quality, 

enhanced electromagnetic compatibility (EMC), minimal switching losses, and high voltage capability.[5]-

[6]. 

In multilevel power converters, from several low discrete voltage levels, a high output voltage can be 

obtained. Despite the difficulties of static and dynamic voltage sharing that occur in series-connected devices, 

the voltage capacity of the devices present can be improved by several times. The complications of large 

voltage transients due to the reflections on cables, which can harm the motor windings and cause other 

difficulties are effortlessly restricted and the spectral performance of the multilevel waveform is enhanced. 

Various types of multi-level circuits are involved. The series H-bridge design, followed by the diode 

clamped converter which uses a bank of series capacitors. In the flying capacitor design, the capacitors are 

suspended rather than having the series connection. Another multilevel design consists of the parallel 

connection of inverter phases via interphase reactors. In this design, the whole dc voltage is jammed by 

semiconductors but the load current is shared. By cascading the fundamental topologies a number of 

combinational designs have been developed. The power quality produced by these designs for a certain 

number of semiconductor devices are greater than that of the fundamental topologies because of the 

magnifying impact of the number of levels. 

The neutral-point-clamped (NPC) PWM topology is the earliest of the practical multilevel topologies. In 

this topology, the voltages across the switches become half of the dc-link voltage and the first group of voltage 

harmonics is concentrated on twice the switching frequency. In topologies with any number of levels, the 

same principles can be extended for use which is used in the basic three-level topology. 

On the other hand, practical involvement with this topology exposed some technical complexities that 

make it difficult for its application in high-power converters such as it demands high-speed clamping diodes 

that have to carry full load current and are caused to experience severe reverse recovery stress. Even though 

there are methods to improve this difficulty this leaves a critical issue. The clamping diodes have increased 

voltage stress for topologies with more than three levels which might require a series connection of diodes. 

This makes the designing difficult, reliability reduces and cost increases. For NPC topologies with greater 

than three-levels the problem of holding charge balance of the capacitors is vulnerable. NPC topologies with 

greater than three levels are mainly used for static VAR compensation circuits despite being capable of 

operating efficiently with high power factor loads. 

The diode-clamped topology can be replaced by its best substitute the flying capacitor multilevel topology. 

The clamping diode problems of the diode-clamped multilevel topologies are removed and the dV/dt stress 

across the devices reduces naturally and additional switching states are created that helps in maintaining the 

charge balance in the capacitors. There are sufficient switching states in the flying capacitor topology to 

maintain the charge balance in the single isolated leg with converters having any number of levels despite 

unidirectional phase current. Even for the dc/dc converters, this topology becomes more attractive. The 

problems increases in controlling the whole circuit due to the dc-link capacitor charge controller and more 

capacitance is needed compared to that of the equivalent diode clamped topology. Furthermore, these 
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capacitors will carry a very large rms value of currents. There is a possibility for parasitic resonance among 

decoupling capacitors. 

The modularity of this configuration provides simpler maintenance and offers a very appropriate way to 

include idleness into the system. In the multilevel inverter, a desired voltage can be produced from several 

distinct voltage sources of dc voltages utilizing cascaded inverter using independent dc sources, which 

possibly can be achieved from fuel cells, batteries or solar cells. The structure in recent times turns out to be 

trendy in adjustable speed drive and ac power supply applications. Additional voltage balancing capacitors or 

clamping diodes are not required in this inverter. The formation of a single-phase m-level inverter is displayed 

in the diagram below. In this hybrid method, the number of outputs can be boosted without adding any new 

components and needs only dc sources with distinct voltage levels [7]-[10]. 

III. PROPOSED INVERTER CIRCUIT 

The proposed inverter circuit is the single-phase five-level inverter. The schematic circuit of the suggested 

inverter is displayed in Fig. 1.The semiconductor devices can be fully utilized when the high voltage of dc-

link is applied. Because of this fact, the proposed circuit topology is preferred. An another essential feature of 

the multilevel scheme is the reduction of harmonic content due to several levels of the output voltage. 

 

Fig. 1. Proposed single phase five level inverter circuit 

Because of simple commutation sequence, the output phase voltages can change freely between two 

arbitrary voltage levels and it requires no extra commutation circuitry. During the transient time, in order to 

maintain the voltage stress of both main switches and main diodes within unit level voltage En the 

commutation procedure between some levels should be divided into each one level commutation of unit 

change of voltage. By first turning off the most upper (lower) main switch in one-state and turning on the 

opposite lower (upper) main switch in off-state after a required dead time the one level commutation is 

performed. Even for different turn-off times, these commutation sequence provides efficient utilization of 

switching devices. 

IV. MODULATION TECHNIQUES FOR MULTI-LEVEL  INVERTER 

Voltage-type PWM inverters are extensively used in motor drivers and power supplies. The solid state 

power converters are supported with newly developed advanced circuits which the voltage type PWM 

inverters suitable for high speed and self-turn-off switching devices. Their operation is steady and can be 

easily controlled. 
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The sinusoidal pulse width modulation (SPWM) and space vector PWM are frequently used methods. They 

are assessed on the basis of the inverter’s output current, switching losses inside the inverter, total harmonic 

distortion (THD) of the voltage, inverter maximum output voltage for a specified DC rail voltage and the peak 

to peak ripple in the load current. SPWM is used in the suggested inverter as it presents a simple method to 

regulate frequency, amplitude and harmonic distortion of the output voltage.  

In the SPWM arrangement, the width of the pulses is varied to adjust the output voltage by turning the 

switch on and off several times during each half-cycle. By choosing the number of pulses per half-cycle and 

the type of modulation for the pulse widths the lower order harmonics can be minimized. Using filters higher 

order harmonics can be removed. Producing a sinusoidal inverter output voltage with no low-order harmonics 

is the main aim of using SPWM arrangement. By providing the sampling frequency higher than the 

fundamental output frequency of the inverter this objective can be achieved.  

SPWM is considered to be one of the basic methods to reduce harmonics existing in the quasi-square wave. 

There are two main defined parameters in the modulation techniques:  

1) The frequency ratio P = fc/fm. 

2) The modulation index Ma = Am/Ac, where fm denotes the carrier frequency, fc denotes the reference 

frequency, Ac denotes the carrier signal amplitude and Am denotes the reference signal amplitude. 

Many pulses per half-cycle are employed in this method of modulation. Relative to the amplitude of a sin-

wave estimated at the axis of the identical pulse the width of each pulse is changed. The gating signals are 

produced by comparing a sinusoidal reference signal with a triangular carrier wave. The inverter output 

frequency, the peak amplitude and the modulation index, M are governed by the frequency of the reference 

signal and then consequently the RMS output voltage. The traditional SPWM technique, which is based on 

the principle of comparing a triangular carrier signal with a sinusoidal reference waveform. 

The RMS output voltage can be adjusted by changing the modulation index M. The area of each pulse 

matches nearly to the area under the sine-wave between the adjacent midpoints of off periods on the gating 

signals. 

In multilevel case, SPWM technique with three different disposed triangular carriers were suggested as: 

all the carriers exceeding the zero value reference are in phase among them, but in opposition with those 

below (PO disposition), all the carriers are alternatively in opposition (APO disposition), all the carriers are 

in phase (PH disposition) and multi-carrier modulation technique. In the suggested inverter circuit, the phase 

opposition disposition technique is used.  

MODES OF GENERATION OF PWM SIGNALS FOR DC LINK SWITCHES 

Mode 1: A signal subtracted from the reference signal by Vc is compared with the carrier signal. If Vref - Vc > 

Vcarier, then the switches Tp+ and Tn- are turned on. If the Vref  - Vc < Vcarrier then the switches Tp+ or Tn- is 

turned off alternatively.  

Mode 2: The reference signal is directly compared with a carrier signal. If Vref  > Vcarrier, then the switch Tp+ 

or Tn- is turned on alternately. If Vref < Vcarrier then the switches Tp+ and Tn- are turned off . 

Mode 3: -Vref is compared directly with a carrier signal. If –Vref>Vcarrier, then Tp+ or Tn- is turned on 

alternately. If –Vref  < Vcarrier, then all switches Tp+ and Tn- are turned off . 

Mode 4: A signal subtracted from –Vref by Vc is compared with the carrier signal. If –Vref - Vc > Vcarrier then 

all switches Tp+ and Tn- are turned on . If –Vref - Vc < Vcarrier then the switch Tp+ or Tn- is turned off 

alternately. 
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Fig. 2. The switching pattern of the proposed technique 

V. SIMULATION RESULTS AND DISCUSSION 

The parameters are used for the simulation circuit as follows 

Parameters Value 

DC link capacitor 2200 mF 

Filter inductor 300 uH 

Filter capacitor 150 uF 

Switching frequency 5 kHz 

Output Frequency 60 Hz 

Irradiance G 600 W/m^2 

Open circuit voltage 70 V 

Photo voltaic current 120 A 

Ideal factor 30 

Number of cells in 

series 

6 

Short circuit current 17 A 

Series Resistance 1 MΩ 
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Fig. 3. Output voltage of 5 level Inverter using pulse generator 

 

Fig. 4. Output current and voltage waveform using filter for R load using pulse generator 

 

Fig. 5. Output current and voltage waveform using filter for RL load using pulse generator

 

Fig. 6.  Simulink model for single phase 5 level multilevel inverter for R load using POD technique 
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Fig.7. Subsystem for generation of pulses based on POD single-carrier technique 

 

    
Fig.8. Generation of Pulses for H-bridge switches 

 

Fig.9. Generation of pulses for Tp+ and Tp- 

 

Fig. 10.  Generation of pulses for Tn+ and Tn- 

 

Fig. 11. Output voltage and current waveforms of 

inverter using POD technique with R-load 

 
Fig. 12. Output voltage and current waveforms using 

filter for RL load using POD technique 
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Fig.13. Simulink model of PV fed multilevel circuit using POD technique 

 

 
Fig. 14.  Output voltage and current waveform of PV 

array fed Multilevel inverter for R load  

 
Fig.15.  Output voltage and current waveform of PV 

array fed multilevel inverter using RL load

TABLE I 

SWITCHING STATES OF THE SWITCHES USING PULSE GENERATOR 

Phase 

Delay 

Voltage 

Levels 

Tp+ Tp- Tn+ Tn- TA+ TB+ TA- TB- 

0 0V off on on off on off off on 

0.0025 4.5V on off on off on off off on 

0.0025*2 9V on off off on on off off on 

0.0025*3 4.5V off on off on on off off on 

0.0025*4 0 off on on off off on on off 

0.0025*5 -4.5V off on off on off on on off 

0.0025*6 -9V on off off on off on on off 

0.0025*7 -4.5V on off on off off on on off 
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Fig.16.  THD analysis of output voltage waveform 

without filter 

 

Fig.17.  THD analysis of output voltage waveform with 

filter 

 

VI. CONCLUSION 

This paper suggested an MLI topology based on an H-bridge inverter with four switches connected to the 

dc-link. The benefits of suggested MLI over the conventional inverters are: The suggested inverter has less 

number of devices than the conventional multi-level inverters which makes the suggested system more 

consistent and economical compared to the conventional two-level and multilevel inverters. Switching losses 

of the four switches (Ta+, Ta-, Tb+, Tb-) are negligible as they have low switching frequency. The PWM 

signals for 4 switching devices (Tp+, Tp-, Tn+, Tn-) are produced using only one carrier signal. Additionally, 

it can be easily expanded to 9-level or higher level with a minimum number of the active device component. 

The benefits of the suggested structure are simple structure and low power components. This structure is 

appropriate for the purposes such as hybrid vehicle applications, grid power supply, generation of solar power. 
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