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Abstract: 

Multilevel Inverters offer high power capability, associated with lower output harmonics and lower commutation losses. Their main 

disadvantage is their complexity, requiring a great number of power devices and passive components. This paper proposes a 

multilevel inverter topology using an H-bridge output stage with two diode embedded bidirectional switches. The new topology 

produces a significant reduction in the number of power devices and capacitors required to implement a multilevel output. The 

proposed seven level inverter topology requires only seven controlled switches, twelve diodes and three capacitors to produce seven 

levels of output voltage. The proposed system has been modeled and simulated using the semolina in the MATLAB. 
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  I.INTRODUCTION 

In recent years, photovoltaic (PV) systems have received 

unprecedented attention due to the concerns about adverse 

effects of extensive use of fossil fuels on the environment and 

energy security. Despite this high interest, grid connected PV 

systems are still outnumbered  by the power generation schemes 

based on oil, natural gas, coal ,ear, hydro & wind. So far, PV 

systems of capacities on the order of tens of megawatts have 

been installed and interfaced to the grid main ly at the primary  

distribution level. A single-phase grid-connected inverter is 

usually used for residential o r low-power applications of power 

ranges that are less than 10 kW [1]. With the growing interest in 

solar energy and adoption of national polices in favor of green 

energy, a significant increase in the number of large – size PV 

plants,    with significant impact on the existing power grid is 

expected. The two main components of a PV system with  

potential for improvement are PV modules and power electronic 

inverters. Multilevel inverters are promising; they have nearly 

sinusoidal output-voltage waveforms, output current with better 

harmonic profile, less stressing of electronic components owing 

to decreased voltages, switching losses that are lower than those 

of conventional two-level inverters, a smaller filter size, and  

lower EMI, all of which make them cheaper, lighter, and more 

compact [4].Various topologies for multilevel inverters have 

been proposed over the years. Common ones are diode-clamped, 

fly ing capacitor or mult icell, cascaded H-bridge, and modified  

H-bridge mult ilevel. 

This  paper  recounts  the  development  of   modified H-bridge 

single-phase multilevel  inverter  as shown in figure 1  that  has  

two diode embedded bidirectional switches and a new  pulse 

width- modulated (PWM) technique. 

 

 
FIGURE 1 

 PROPOSED SINGLE-PHASE SEVEN-LEVEL GRID-

CONNECTED INVERTER FOR PHOTO- VOLTAIC 

SYSTEMS 

 

Three reference signals  that  are   identical  to  each  other  with  

an  offset  that is  equivalent  to  the  amplitude  of  the  

triangular  carrier  signal  were  used  to  generate  the  PWM  

signals. The topology was applied to a grid-connected 

photovoltaic system with considerations for a maximum-power-

point tracker (MPPT) and a current-control algorithm. 

 

II. MODELLING OF PV ARRAY 

The building block of PV arrays is the solar cell, which is 

basically a p-n junction that directly converts light energy into 

electricity. The current source Ipoh represents the cell photo 

current; Raj is used to represent the non-linear impedence of the 

p-n junction. Rash and Rs are used to represent the intrinsic 

series and shunt resistance of the cell respectively.  It has a 

equivalent circuit as shown below in Figure.2.  
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FIGURE.2.EQUIVALENT CIRCUIT OF A PV CELL  

 

Usually the value of Rash is very large and that of Rs is very 

small, hence they may be neglected to simplify the analysis. PV 

cells are grouped in larger units called PV modules which are 

further interconnected in series-parallel configuration to form 

PV arrays or PV generators. The PV mathematical model used 

to simplify our PV array is represented by the equation: 
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where I is the PV array output current; V is the PV array output 

voltage; ns is the number of cells in series and nap is the number 

of cells in parallel; q is the charge of an electron; k is the 

Boltzmann’s constant; A is the p-n junction ideality factor; T is 

the cell temperature (K); Iris is the cell reverse saturation 

current. The factor A determines the cell deviation from the 

ideal p-n junction characteristics; it ranges between 1-5 but for 

our case A=1.92 The cell reverse saturation current Iris varies 

with temperature according to the following equation: 
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Where Try is the cell reference temperature, Err is the cell 

reverse saturation temperature at Try and EG is the band gap of 

the semiconductor used in the cell.  

The photo current Ipoh depends on the solar radiation and cell 

temperature as fo llows:             
      

   

   
                      

(3)whereas is the cell short-circuit current at reference 

temperature and radiation, Kid is the short circuit current 

temperature coefficient, and S is the solar radiation in mW/cm2.  

 The PV power can be calculated using as follows: 
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III. ROPOS ED MULTILEVELINVERTER TOPOLOGY 

 

The proposed single-phase seven-level inverter was developed 

from the five-level inverter in [5]–[9]. It comprises a single-

phase conventional H-bridge inverter, two b idirect ional 

switches, and a capacitor voltage divider formed by C1,C2 , and 

C3 , as shown in Figure1. The modified H-bridge topology is 

significantly advantageous over other topologies, i.e., less power 

switch, power diodes, and less capacitor for inverters of the 

same number of levels. 

Photovoltaic (PV) arrays were connected to the inverter via a 

dc–dc boost converter. The dc–dc boost converter was required  

because the PV arrays had a voltage that was lower than the grid 

voltage. High dc bus voltages are necessary to ensure that power 

flows from PV arrays to the grid. A filtering inductance L f was 

used to filter the current injected into the grid. Proper switching  

of the inverter can produce seven  

 

TABLE I 

OUTPUT VOLTAGE ACCORDING TO THE SWITCHES’ 

ON – OFF CONDITION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      

 

FIGURE 3 SEVEN-LEVELOUTPUTVOLTAGE (VA B) AND 

SWITCHINGANGLES 

 

IV. PWM MODULATION 

 

A new PWM modulation technique was introduced to generate 

the PWM switching signals. Three reference signals (Vref1 , 

Vref2, andVref3) were compared with a carrier signal (Carrier). 

The reference signals had the same frequency and amplitude and 

were in phase with an offset value that was equivalent to the 

amplitude of the carrier signal. The reference signals were each  

compared with the carrier signal.  If Vref1 had exceeded the 

peak amplitude of Carrier, Vref2 was compared with carrier   

until it  had exceeded the peak  amplitude of Scarier[7] 

Then, onward, Vref3 would take charge and would be compared 

with Carrier until it reached zero. Once Vref3 had reached zero, 

Vref2    would be compared until it reached zero. Then, onward, 

Vref1 would be compared with Scarier .Figure 4 shows the 

resulting switching pattern. Switches S1, S3, S5 andS6 would be 

switching at the  rate  of the carrier signal frequency, whereas S2  

and S4 would operate at a frequency that was equivalent to the 

fundamental frequency. For one cycle of the fundamental 

frequency, the proposed inverter operated through six modes.  

Figure 3 shows the per- unit output-voltage signal for one cycle.  

 

The six modes are described as follows: 

Ode 1: 0 <ωt< θ1   and θ4  <ωt< π  

Mode 2: θ1 <ωt< θ2  and θ3  <ωt< θ4 

Mode 3: θ2  <ωt< θ3 

VO  S1 S2 S3 S4 S5 S6 

Vdc ON OFF OFF ON OFF OFF 

2 

Vdc/3 

OFF OFF OFF ON ON OFF 

Vdc/3 OFF OFF OFF ON OFF ON 

0 OFF OFF ON ON OFF OFF 

0* ON ON OFF OFF OFF OFF 

- 

Vdc/3 

OFF ON OFF OFF ON OFF 

-2 

Vdc/3 

OFF ON OFF OFF OFF ON 

- Vdc OFF ON ON OFF OFF OFF 
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Mode 4: π <ωt< θ5    and θ8  <ωt< 2π  

Mode 5: θ5  <ωt< θ6  and θ7  <ωt< θ8 

Mode 6: θ6  <ωt< θ7 .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 FIGURE 4 SWITCHING PATTERN FOR THE SEVEN-

LEVEL INVERTER 

 

VCONTROLS YSTEM 

The two main tasks of the control system as shown in Figure 

5aremaximization of the energy transferred from the PV arrays 

to the grid, and generation of a sinusoidal current with minimum 

harmonic d istortion, also under the presence of grid voltage 

harmonics. The proposed inverter utilizes the perturb-and-

observe (P&O) algorithm for its wide usage in PT owing to its 

simple structure and requirement of only a few measured 

parameters. It periodically perturbs (i.e., increment or 

decrement) the array terminal voltage and compares the PV 

output power with that of the previous perturbation cycle. If the 

power was increasing, the per durat ion would continue in the 

same direct ion in henextcycle; otherwise, the direction would  

be reversed. This means that the array terminal vo ltage is per 

turbed every MPPT cycle; therefore, when the MPP is reached, 

the P&O algorithm will oscillate around it. 

The P&O algorithm was implemented in the dc–dc boost 

converter.As the dc-link voltage Vcaws controlled in  the dc–ac 

sevenlevel PWM inverter, the change of the  duty cycle changes 

the voltage at the output of the PV panels.  

 
FIGURE 5  

SEVEN-LEVELINVERTERWITHCLOSED-

LOOPCONTROLA LGORITHM 

 

 

A PID controller was implemented to keep the outputvoltage of 

the dc–dc boost converter (Vdc) constantly comparing Vic and 

Vedic ref and feeding the error into the PID controller, which  

subsequently tries to reduce the error. In this way, themed   can 

be maintain data constant value and at more than√2of Grid to 

inject power into the grid. 
To deliver energy to the grid, the frequency and phase of the 

PV inverter must equal those of the g rid; therefore, a g rid  

synchronization  method is needed .  

 

MATLAB SIMULINK MODEL AND RES ULTS  

MATLAB SIMULINK simulated the proposed configuration 

before it was physically implemented in a prototype. The PWM 

switching patterns were generated by comparing three reference 

signals (Vref1, Vref2, and Vref3) against a triangular carrier 

signal (see Figure  7).  

 Subsequently, the comparing process produced PWM switching 

signals S1 – S6 as shown in Figures. 8-10.       One leg of the 

inverter operated at a high switching rate that was equivalent to 

the frequency of the carrier signal, while the other leg operated 

at the rate of the fundamental frequency  

(i.e ., 50 Hz). Switches S5  and S6  also operated at the  rate of 

the carrier signal.   Figure 11 shows the simulat ion result of 

inverter output voltage Vinv . The dc-bus voltage must always 

be higher than √2 of Vgrid   to inject current  into the grid, or 

current will be injected from the grid into the inverter.The dc-

bus voltage was set at 300V.Therefore operation is 

recommended to be between Ma= 0.66 and Ma = 1.0. Vinv  

comprises seven voltage levels, namely, Vdc , 2Vdc /3, Vdc /3, 

0, −Vdc , −2Vdc /3, and −Vdc /3. The current flowing into the 

grid was filtered to resemble a pure sine wave in phase with the 

rid voltage (see Figure  12). As Igrid is almost a pure sine wave 

at unity power factor, the total harmonic distortion  (THD) can  

be  reduced. 

 

FIGURE 6 

SIMULINKMODELOFSEVEN-LEVELINVERTER 

WITHCLOSED-LOOPCONTROLA LGORITHM 
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FIGURE  7 PWM SW ITCHING SIGNAL GENERATION                                                        

                       

                                                                                                                         
            FIGURE 8 PWM SIGNALS FOR S1 AND S3 

 

             FIGURE 9 PWM SIGNALS FOR S2 AND S4 

 

 

             FIGURE 10 PWM SIGNALS FOR S5 AND S6. 

                     

 
 

          FIGURE 11 INVERTER OUTPUT VOLTAGE (VINV) 

          
 

FIGURE 12 GRID VOLTAGE (VGRID) AND GRID 

CURRENT (IGRID). 

 

VI CONCLUSION 

Multilevel inverters are widely used in high power industrial 

applications due to its simple modular structure, ease of control. 

It offers improved output waveforms and lower THD. This 

paper has presented a new mult ilevel topology with the 

bidirectional auxiliary switches work as  expected, generating the 

required seven level output using only six power switches. It 

utilizes three reference signals and a triangular carrier signal to 

generate PWM switching signals. By controlling the modulation 

index, the desired number of levels of the inverter’s output 

voltage can be achieved. The less THD in the seven-level 

inverter compared with that in the five- and three-level inverters 

is an attractive solution for grid-connected PV inverters. 
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