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Abstract—Multilevel inverter (MLI) is a new breed of power converter that is suited for high power applications. The various 

topologies of MLI are diode –clamped, capacitor clamped and cascaded H-bridge inverter. This paper focuses on Neutral point 

clamped inverter. The main contribution of this paper is the proposal of new modulation techniques for three-phase transformer less 

neutral point clamped inverters to eliminate leakage currents in photovoltaic systems. Various modulation methods have been 

reported for the MLI, but this paper emphasis on inverted sine PWM (ISPWM) technique. The Inverted Sine Pulse-Width 

Modulation (ISPWM) technique reduces the number of carriers and enhances the fundamental output voltage particularly at lower 

modulation index ranges with reduction in Total Harmonic Distortion (THD), and switching losses. The performance evaluation of 

the proposed PWM strategy for three-phase multilevel inverter is done using MATLAB and the optimum switching frequency with 

minimized total harmonic distortion and switching loss is determined. 
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I. INTRODUCTION 

In recent years, the increasing demand for energy has stimulated the development of alternative power sources such as 

photovoltaic (PV) modules, fuel cells, and wind turbines. The PV modules are particularly attractive as renewable sources due 

to their relative small size, noiseless operation, simple installation, and to the possibility of installing them closer to the user.In 

PV modules, the output voltage has a low dc amplitude value. In order to be connected to the grid, the PV modules output 

voltage should be boosted and converted into an ac voltage. This task can be performed using one or more conversion stages 

(multi-stage). Many topologies for PV systems are multi-stage, having a dc-dc converter with a high-frequency transformer that 

adjusts the inverter dc voltage and isolates the PV modules from the grid. However, the conversion stages decrease the 

efficiency and make the system more complex. The transformer less centralized configuration with one-stage technology uses 

only one inverter and a large number of series-connected PV modules, called strings, are used in order to generate sufficient 

voltage to connect to the grid. In PV systems where series modules are connected to a conventional two-level inverter, the 

occurrence of partial shades and the mismatching of the modules lead to a reduction of the generated power. To overcome these 

problems, the connection of the modules can be made using a multilevel converter. The multilevel converter maximizes the 

power obtained from the arrays, reduces the device voltage stress, and generates output voltages with lower total harmonic 

distortion (THD). 

                                    Avoiding transformers is a benefit of multilevel inverters and normally neutral point clamped (NPC) 

inverters are not used with transformers. However, in PV applications, the transformer less systems have problems related to 

leakage currents, thus it is necessary to pay special attention to this issue. The main disadvantage of the topologies without 

transformer is the connection of the PV array to the grid without galvanic isolation. Thus, the fluctuations in the potential 

between the PV array and ground give rise to capacitive leakage current and these currents can cause grid current distortion and 

losses in the system. Three-phase two-level inverters are not suitable for transformer less PV applications because of the high 

leakage currents that appear due to the conventional pulse-width modulation.The ISPWM technique has a better spectral quality 

and a higher fundamental component compared to the conventional sinusoidal PWM without any pulse dropping. Also, there is 

a reduction in the total harmonic distortion (THD) and switching losses. An inverted sine wave of high switching frequency is 

taken as a carrier wave and is compared with that of the reference sine wave. The pulses are generated whenever the amplitude 

of the reference sine wave is greater than that of the inverted sine carrier wave.PIC microcontroller is used to obtain the gating 

pattern for the individual IGBTS. The total harmonic distortion for the different values of switching frequencies is obtained and 

is found to be lesser than the conventional method. The switching losses are calculated for various switching frequencies, and 

from the THD and switching loss values, the optimum switching frequency is obtained.  
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   II. Neutral-Point-Clamped (NPC) Multilevel Inverter 

 

One of the multilevel structures that has gained much attention and widely used is the Neutral-Point- Clamped multilevel 

inverter or also known as Diode Clamped multilevel inverter. This structure was first proposed by Nabae et. al in 1980 

(Krug et. al., 2004; Marchasoni and Mazzucchelli, 1993). Figure 1 shows the 3-level NPC inverter. Basically, NPC 

multilevel inverters synthesize the small step of staircase output voltage from several levels of DC capacitor voltages. An m-

level NPC inverter consists of (m-1) capacitors on the DC bus, 2(m-1) switching devices per phase and 2(m-2) clamping 

diodes per phase. Figure 1 shows the structure of 3-level NPC. The DC bus voltage is split into 3 levels by using 2 DC 

capacitors, C1 and C2. Each capacitor has Vdc/2 volts and each voltage stress will be limited to one capacitor level through 

clamping diodes The output voltage, VAN has three states as given in Table 1.  

 
The number of levels can be extended to a higher level by additional switching devices and with these additions, the inverter 

will be able to achieve higher AC voltage, producing more voltage steps that will be approaching sinusoidal with minimum 

harmonics distortion(1). During inverter operations, the switches near the centre tap are switched on for a longer period 

compared to the switches further away from the centre tap as given in the switching states in Table 1. As the switch is 

further away from the centre tap the switching time is shorter. Another difference between the conventional 2-level and 

multilevel NPC is the clamping diode. In case of 3-level NPC inverter, clamping diode, D1 and D4 clamped the DC bus 
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voltage into three voltage level, +Vdc/2, 0 and -Vdc/2Diode, D4 balances out the voltage sharing between S4in and S4out, 

with S4in blocking the voltage across C1 and S4out blocking the voltage across C2 

                       NPC inverter has the following advantages as listed below: For a high m-level, the distortion level of the 

harmonics content is so low that the use of filter is unnecessary, Constraints imposed on the switches are low because the 

switching frequency may be lower than 500Hz, Reactive power flow can be controlled, Efficiency is high because all 

devices are switched at fundamental frequency, Control method is simple for a back-to-back intertie system. While the 

disadvantages are: The number of clamping diodes becomes excessively high with the increase in level, It is becoming more 

difficult to control the power flow of the converter. 

III.POWER ELECTRONICS IN PHOTOVOLTAIC (PV) SYSTEMS 

           PV power supplied to the utility grid is gaining more and more visibility, while the world’s energy demand is steadily 

increasing. With reduction in the system cost (PV modules, dc/ac inverters, cables, fittings and manpower), the PV 

technology has the potential to become one of the main renewable energy sources for the future electricity supply. PThe PV 

cell is an all-electrical device, which produces electrical power when exposed to sunlight and connected to a suitable load. 

Without any moving parts inside the PV module, the tear-and-wear is very low. Thus, lifetimes of more than 25 years for 

modules are easily reached. However, the power generation capability may be reduced to 75 80% of nominal value due to 

ageing.  

                 A typical PV module is made up around 36 or 72 cells connected in series, encapsulated in a structure made of, 

e.g., aluminum and tedlar. A simplified electrical model of the PV cellis depicted in Fig. 3. Several types of proven PV 

technologies exist, where the crystalline (PV module light-to-electricity efficiency:10%-15% ) and multi crystalline(9%-

12%) silicon  cells are based on standard microelectronic manufacturing processes. Other types are: thin-film amorphous 

silicon has 10% efficiency, thin-film copper indium diselenide has 12% efficiency, and thin-film cadmium telluride has 9% 

efficiency .Novel technologies such as the thin-layer silicon has 8% efficiency and the dye-sensitized nano-structured 

materials has 9% efficiency are in their early development. The reason to maintain a high level of research and development 

within these technologies is to decrease the cost of the PV-cells, perhaps on the expense of a somewhat lower efficiency. 

This is mainly due to the fact that cells based on today’s microelectronic processes are rather costly, when compared to other 

renewable energy sources. 

IV.MODULATION STRATEGIES FOR MLI 

       There are many control techniques employed for multilevel inverters. However they can be classified into three main 

categories: 

• Fundamental frequency switching 

• Space vector PWM 

• Sinusoidal PWM (Multicarrier PWM). 

In the fundamental switching scheme, the switching angles are calculated and later they are transferred to a digital system. 

This technique eliminates low order harmonics in order to reduce the distortion in the output voltage. The space vector 

control technique can be used to obtain the optimal commutation state for the switches and due to their complexity it is 

implemented in a Digital Signal Processor (DSP). The implementation of this technique becomes more complex when the 

number of levels in the inverter is increased. This technique is obtained mainly to the diode clamped topology to solve the 

problems of unbalanced voltages in the dc bus. 

 
4.1. Multicarrier PWM Technique 

            The multicarrier PWM method uses several triangular carrier signals, keeping only one modulating sinusoidal signal. 

If an ‘n’ level inverter is employed, ‘n-1’ carriers will be needed. The carriers will have the same frequency and the same 

peak to peak amplitude and are disposed so that the bands they occupy are contiguous. The zero reference is placed in the 

middle of the carrier set. The modulating signal is a sinusoid of frequency 50 Hz. At every instant each carrier is compared 

with the modulating signal. Each comparison gives one if the modulating signal is greater than the triangular carrier, zero 

otherwise. The results are added to give the voltage level, which is required at the output terminal of the inverter. 

Multicarrier PWM method can be categorized into 2 groups. 1) Carrier disposition methods (CD) where the reference 

waveform is sampled through a number of carrier waveforms displaced by contiguous increments of the reference waveform 

amplitude, 2) Phase shifted PWM method, where the multiple carriers are phase shifted accordingly.  
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V. INVERTED SINE PWM FOR MULTILEVEL INVERTER 

     ..The proposed unipolar control strategy replaces the triangular based carrier waveform by inverted sine wave. The 

inverted sine PWM has a better spectral quality and a higher fundamental voltage compared to the triangular based PWM. 

The application of unipolar PWM to inverted sine carrier results in the reduction of carrier frequencies or its multiples and 

significant reduction in switching losses. So, the advantage of inverted sine and unipolar PWM are combined to improve the 

performance of the hybrid multilevel inverter. The inverted sine carrier PWM (ISCPWM) method uses the sine wave as 

reference signal while the carrier signal is an inverted (high frequency) sine carrier that helps to maximize the output voltage 

for a given modulation index. From the Fig.2. it is clear that the pulses are generated whenever the amplitude of the 

reference sine wave is greater than that of the inverted sine carrier wave. 

              The advantages of  inverted sine pulse width modulationare: It has a better spectral quality and a higher 

fundamental component compared to the conventional sinusoidal PWM (SPWM) without any pulse dropping, The 

ISCPWM strategy enhances the fundamental output voltage particularly at lower modulation index ranges, There is a 

reduction in the total harmonic distortion (THD) and switching losses, The appreciable improvement in the total harmonic 

distortion in the lower range of modulation index attracts drive applications where low speed operation is required, 

Harmonics of carrier frequencies or its multiples are not produced. 
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VI. CONCLUSION 

In this paper, modulation techniques designed for three phase. Transformer less photovoltaic systems are proposed. The 

techniques guarantee constant common-mode voltage, improving the behavior of the neutral point clamped inverter in terms 

of leakage currents without additional hardware. From the simulation and experimental results, several features of the 

proposed modulation strategy from the aspect of phase voltage have been identified. The phase voltage yields better spectral 

performance for unipolar ISPWM compared to the conventional PWM and this reduces the need for output filter. By 

employing this new technique it has been proved that the fundamental voltage is improved throughout the working range 

and is greater than the voltage obtained using conventional method which employs triangular carriers for modulation. 
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