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Abstract 

In this photovoltaic based three phase nine level neutral point clamped inverter is proposed. When no transformer is used in a 

grid-connected photovoltaic (PV) system, a galvanic connection between the grid and the PV array exists. In these conditions, 

dangerous leakage currents (common-mode currents) can appear through the stray capacitance between the PV array and the 

ground. In order to avoid these leakage currents, different inverter topologies that generate no varying common-mode voltages, 

such as the half-bridge and the) full-bridge topologies, have been proposed. In transformerless systems, the PV module parasitic 

capacitance can introduce leakage currents in which the amplitude depends on the converter topology, on the pulse width 

modulation, and on the resonant circuit comprised by the system components. There is a strong trend in the photovoltaic inverter 

technology to use transformerless topologies in order to acquire higher efficiencies combining with very low ground leakage 

current. While safety requirements in transformerless systems can be met by means of external elements, leakage currents and 

the injection of dc into the grid must be guaranteed topologically or by the inverter’s control system. Modulation strategy is one 

of the most important issues for three-level neutral-point-clamped inverters in three-phase transformerless photovoltaic systems. 

It has a very simple structure, and the common-mode voltages can be kept constant with no need of complex space-vector 

modulation or multicarrier pulse width modulation. Based on the common-mode voltage model, modulation techniques are 

proposed to eliminate the leakage current in transformerless PV systems without requiring any modification on the converter. 

The simulation results are obtained using MATLAB/SIMULINK software.    

Keywords: Neutral point clamped inverter, transformerless photovoltaic system, common mode voltage, pulse width 

modulation 
________________________________________________________________________________________________________ 

I. INTRODUCTION 

TRANSFORMERLESS photovoltaic (PV) inverters have been getting additional and added concentration due to cost and size 

diminution, as well as efficiency improvement, compared with the conservative transformer ones [1]. A number of technical 

challenges may take place with increased grid-connected transformerless PV systems. At the same time, the inconsistent 

potential, also known as common-mode voltage (CMV), charges and discharges the stray capacitance which generates high 

leakage current. Besides safety issue, this leakage current increases grid current ripples, system losses, and electromagnetic 

interference. One of the majority important issues is how to diminish or abolish the leakage currents through the parasitic 

capacitor between the PV array and the ground. 

Nowadays, for high-voltage and high-power applications multilevel inverters are the most preferable concept due to their 

characteristics. Desired output voltage is accomplished by appropriate arrangement of multiple low dc voltage sources used at 

the input side. Output voltage becomes closer to a sinusoidal waveform as the number of dc voltage sources is increased. Good 

power quality, low switching losses, quasi sine wave form and electromagnetic compatibility due to the low dv/dt transitions are 

the some advantages of multilevel inverters. So many multilevel inverter topologies are present in the literature but cascaded H-

bridge structures, flying capacitor and diode-clamped converter are mostly used by the researchers. All other proposed 

configurations for multilevel converters are mostly derived from these three fundamental topologies. One of the key challenges 

in multilevel inverters is to diminish the number of power electronic switches while considering operational conditions. 

For three-phase neutral-point-clamped (NPC) transformerless PV systems, the modulation strategy should be cautiously 

considered to keep the constant common-mode voltages (CMV) to remove the leakage currents [3]. In general, there are two 
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distinctive modulation strategies for three-phase NPC inverters. One is the space vector modulation (SVM), and the other is the 

multicarrier pulse width modulation (PWM). SVM is more constructive from the viewpoint of the switching pulse pattern study, 

but it requires complex realization such as switching vector selection, duty cycles calculation, and vector sequence arrangement. 

On the other hand, the multicarrier PWM is more attractive for realization because it only needs to contrast the reference and 

carrier signal to generate the switching gating signals. Cavalcanti et al. [3] have offered a fascinating SVM method to remain 

CMV constant by using only the medium vectors and the zero vector to include the reference vector. In practice, however, its 

execution is not an easy task as discussed before. For the multicarrier PWM solution, the common voltage problems can be 

mitigated by rearranging the multicarrier according to the vector region, which increases the computational load. In order to 

conquer the abovementioned limitation, a single-carrier modulation strategy is proposed. It has a very trouble-free structure, and 

the constant CMV can be achieved, with no need of complex SVM or multicarrier PWM. 

 
Fig. 1: Three Phase three level Neutral-Point clamped inverter. 

II. MODULATION STRATEGIES 

Generally for m-level inverter the number of carrier waves is (   )  . The output magnitude is controlled by using 

index(  ), and frequency is controlled by controlling only reference wave frequency or frequency ration  . 

Index ma and frequency ratio is defined as                              
   

(   )  
  

   
  
  

 

Where    magnitude of carrier wave signal 

                 Magnitude of reference wave signal 

                 Level of inverter 

                  Reference wave frequency 

                  Carrier wave frequency 

III. PROPOSED TOPOLOGY 

The schematic diagram of the three-phase NPC inverter is shown in Fig. 1, where the system common-mode voltage VCM is 

defined as [3] 

    
           

 
                     (1)          

According to [3],     should be kept constant as    
 ⁄
 to eliminate the leakage current. Considering that    (i=A, B, C) has 

three possible values (        
 ⁄
,0), there are two ways to achieve the constant CMV, as listed in Table I.           
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Table -1: 

Development of Single-Carrier Modulation for Constant Common Voltage                                                  

Sa                                               

0 0 0 0 0 0 0 0 0    
 ⁄  

   
 ⁄  

   
 ⁄  

 
   

 
⁄  

1 0 0 1 0 0 0 0 1        
 ⁄  0    

 ⁄  

1 1 0 0 0 1 0 0 1    
 ⁄      0    

 ⁄  

0 1 0 0 1 1 0 0 0 0        
 ⁄  

   
 ⁄  

0 1 1 0 1 0 0 1 0 0    
 ⁄         

 ⁄  

0 0 1 0 0 0 1 1 0    
 ⁄  0        

 ⁄  

1 0 1 1 0 0 1 0 0     0    
 ⁄  

   
 ⁄  

1 1 1 0 0 0 0 0 0    
 ⁄  

   
 ⁄  

   
 ⁄  

   
 ⁄  

 Case I (Switching Strategy A):  A.

When the outer switches S1a,  ̅ , S1b,   ̅ ,S1c,   ̅ are OFF, and other inner switches are ON, VAN=VBN=VCN=VPN/2.Therefore, the 

CMV defined by (1) is constant as VPN/2.  

 Case II (Switching Strategy B): B.

For constant CMV of, (VAN+VBN+VCN)/3=VPN/2 another switching strategy is presented. Considering three possible values of 

(VPN,VPN/2, 0)  of ViN(i=A, B, C), the switching states should be configured to ensure that three possible values are evenly 

distributed among VAN,VBN and VCN, as listed in Table I. For example, when the switches of   ̅ ,  ̅ ,S1b,  ̅ ,S1c,S2c are OFF, and 

other switches are ON, VAN=VPN,VBN=VPN/2andVCN=0, as shown in line 3 of Table I. Therefore, the constant CMV of (1) can be 

achieved. In the same way, the other five switching states listed in Table I can achieve the constant CMV as well. 

In order to achieve the aforementioned switching strategy A and B, a new single-carrier modulation strategy is presented in 

Fig. 2, where the zero sequence signal is added to the reference signals to increase the voltage utilization. Detailed information 

about zero sequence signal calculator can be found. The modulation signals of Va,Vb and Vc are compared with the carrier to 

generate the logic (0 or 1) signals of Sa,Sb and Sc. The simple logic circuits behind three comparators are used to generate the 

specified gating signals to keep the constant CMV, regardless of output logic (0 or 1) of three comparators. 

 
Fig. 2: Proposed single-carrier modulation strategy. 

Note that there are eight possible states for Sa, Sb and Sc, as listed in Table I. Take line 2 for example, when Sa = Sb = Sc= 0, 

the switching states after the simple logic circuits in Fig. 2 will be determined as follows: S1a,  ̅ ,S1b,  ̅ ,S1c,  ̅  are OFF, and 
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other inner switches are ON. This switching state is in good agreement with Case I (switching strategy A). Therefore, the CMV 

is kept constant as 
   

 ⁄ . In the similar manner, the constant CMV can be achieved by other seven switching states, as listed in 

Table I.  

In summary, it is clear that the constant common-mode voltage can be achieved with the proposed single-carrier modulation 

strategy. 

Note that the switching signals of each phase, e.g., S1i and   ̅  (i=a, b, c) , have the relationship with the other phase due to the 

logic circuits in Fig. 2. This will lead to 30◦ phase shift from the modulation signal. A simple solution is to replace the previous 

modulation signals with the line-to-line reference signals, as shown in Fig. 3, where the coefficient “K” is used to avoid over 

modulation (e.g., K= 1/√3). 

 
Fig. 3: 30◦ phase shift compensation strategy. 

IV. MATLAB/SIMULINK RESULTS 

 
Fig. 4: MATLAB/SIMULINK circuit of three phase three level NPC inverter 

 
Fig. 5: Control Pulse Generation of 3Level SPWM 
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Fig. 6: output wave form of leakage currents for three level NPC 

 

 
Fig. 7: output wave form of phase voltage of three level NPC inverter 

 

 
Fig. 8: output wave form of three phase three level NPC inverter currents 

 

 
Fig. 8: MATLAB/SIMULINK circuit of three phase nine level NPC multilevel inverter 
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Fig. 9: Carrier Arrangement for Phase Disposition PWM Strategy 

 

Table -2: 

Switching Patterens for 9level Multi Level Inverter 

S.No On switches Off switches On switches Off switches Voltage levels 

1 S1,S2,S3,S4 D1,D2,D3,D4 Q1,Q2 Q3,Q4 +4     

2 S1,S2,S3,D4 S4,D1,D2,D3 Q1,Q2 Q3,Q4 +3     

3 S1,S2,D3,D4 S3,S4,D1, D2 Q1,Q2 Q3,Q4 +2     
4 S1,D2,D3,D4 S2,S3,S4, D1 Q1,Q2 Q3,Q4 +1     
5 D1,D2,D3,D4 S1, S2,S3, S4 Q1,Q2 Q3,Q4 0 

6 S1,D2,D3,D4 S2, S3,S4,D1 Q3,Q4 Q1,Q2 -4     
7 S1,S2,D3,D4 S3, S4,D1,D2 Q3,Q4 Q1,Q2 -3     
8 S1,S2,S3,D4 S4,D1,D2,D3 Q3,Q4 Q1,Q2 -2     

9 S1,S2,S3, S4 D1,D2,D3,D4 Q3,Q4 Q1,Q2 -1     
 

 
Fig. 9: output wave form of leakage currents of three phase nine level NPC inverter 

 
Fig. 10: output wave form of phase voltage of three phase nine level NPC multilevel inerter 
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Fig. 11: output wave form of three phase nine level inverter currents 

Table -3: 

Comparison of % THD in Output Waveforms 

Levels 
Without Filter THD% With filter THD% 

Voltage current Voltage Current 

Three Level 56.8 16.81 1.88 1.99 

Nine Level 16.97 5.38 0.318 0.307 

V. CONCLUSION 

A three phase three-level and nine level transformerless neutral-point-clamped inverters for PV systems with single-carrier 

modulation strategy have been presented. It has the attractive characteristic that, with no need of composite SVM or multicarrier 

pulse width modulation, the system common-mode voltage can be reserved constant, which is advantageous to the leakage 

current eradication. It also has a very effortless structure, which is simple to execute by digital signal processors or analog 

circuits. 
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