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Abstract—This letter proposes a hybrid multicarrier pulse widt h 
modulation (H-MCPWM) technique to reduce leakage current in a 

t ransformerless cascaded multilevel inverter for photovoltaic (PV) 
systems. The transformerless PV inverter topology has the advan- 
t ages of simple structure, low weight and provides higher efficiency. 

However, t he topology makes a p ath for leakage current to flow 
t hrough parasitic capacitance formed between the PV module and 
t he ground. A modulation technique has significant impact to re- 

duce the leakage current without adding any extra component.  T he 
p roposed H-MCPWM technique ensures low leakage current in t he 
t ransformerless PV inverter system with simplicity in implement a- 

t ion of the modulation technique using lesser number of carriers .  
Exp erimental prototype developed in the laboratory demonstrat es  
t he performance of the proposed modulation technique in reducing 

t he leakage current .  

Index T erms—Cascaded H-bridge multilevel inverter, hybrid 
multicarrier pulse width modulation (H-MCPWM), leakage cur- 

rent reduction, t ransformerless  p hot ovolt aic (PV) sy s t em. 
 

I. INTRODUCTION 

HE total power generation from the photovoltaic (PV) sys- 

tem is relatively small as compared to other common en- 

ergy resources due to its high installation cost. Reducing the 

PV system cost and increasing its efficiency have attained 

greater research interest. One of the solutions to reduce 

the cost of the PV power system is to remove transformer 

required in the output of the PV inverter [1]–[3]. Most of 

the national elec- tricity regulatory authority made it 

compulsory to use trans- former above certain threshold 

power in the system because it ensures galvanic isolation. 

However, the use of transform- ers increases weight, size,  

 

The commercial transformerless centralized PV 

inverter has been successfully connected in roof-top 

projects with ratings above 10 MW and it is 

recognized by IEEE 1547 and other standards. This 

encourages the possibility to use transformer- less 

inverter topology for high-power applications [13]. 

Next- generation PV inverter has reached higher power 

ratings with modularity, and redundant topologies will 

be adopted in the design for reliability of the inverter. 

This use of cascaded H-bridge multilevel inverter 

opens up the option to eliminate the transformer from 

the PV system. In general, following two well-

established modulation techniques are available for the 

multilevel inverter topologies which provide constant 

common mode voltage: space vector modulation 

(SVM) and multicarrier pulse width modulation 

(MCPWM). The SVM technique is more constructive 

from the view of switching timings. The switching 

sequence and modula- tion can be decided by the users, 

but it requires regress effort for implementation [15]–

[18]. In [19], the author has demonstrated the use of 

SVM to reduce the leakage current in transformer- less 

PV inverter topology by placing zero active vectors at 

ap- propriate switching instants. However, selection of 

switching states is not easy for practical 

implementation.  

In [21], the authors have reported the effect of common 

mode voltage using bipolar and unipolar modulation 

schemes on the neutral point clamped multilevel inverter 

and cascaded H-bridge multilevel inverter. As the level of 

cascaded H-bridge multilevel inverter increases, it is 

expected to get reduction in leakage current, and 

further studies are required to know the relation  

 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/


International Journal  of Research 
Available at 

https://edupediapublications.org/journals

p-I SSN: 2348 -6848  
e-I SSN: 23 48-795X 

Vol ume 04  I s s ue 03  
Ma rc h 2017  

Available online:  https://edupediapublications.org/journals/index.php/IJR/ P a g e  | 556

cm 

evaluation of the proposed modulation technique. The leakage 

current is generated in the parasitic capacitance formed between 

the PV module and the ground, where common mode voltage 

is also induced at the same point as shown in Fig. 1. The com- 

mon mode voltage of any electrical circuit is the mean value of 

voltage between the outputs and a common reference point. 

The negative terminal of the dc bus, i.e., terminal N is called 

here as common reference point for upper H-bridge inverter. 

Similarly, for lower H-bridge inverter, N′  is the common ref- 

erence point. The parasitic capacitance formed for the lower 

H-bridge and upper H-bridge is assumed to be the same, be- 

cause both the H-bridges are supplied from the similar rated PV 

modules [11]. The common mode voltage (CMV) and leakage 

current in the two H-bridges are also same; hence, the capaci- 

tive currents flow from point N to ground and N′  to ground is 

considered equal. The common mode voltage Vcm for the upper 

full-bridge (H-bridge) inverter is defined as follows [3]: 

Vα N + Vβ N

Vcm = (1) 

2 

Fig. 1. PV-supported transformerless single-phase five-level cascaded multi- 
level inverter. 

between the modulation strategy and the leakage current. The 

cascaded H-bridge multilevel inverter has the advantages of 

less leakage current as compared to the conventional single 

H-bridge inverter due to reduced value of dc-link voltage per 

bridge. The common multicarrier modulation techniques used 

in the transformerless cascaded H-bridge multilevel PV inverter 

topologies introduce common mode voltage. 

II. be written from Fig. 1:

Vcm + Vα N − VL − VO  = 0 (2) 

Vcm + Vβ N + VL − Vα′ β ′ = 0. (3) 

The output voltage Vo has little effect on parasitic capacitance 

and hence it is neglected. It is assumed that the filter inductance 

Ls  is considered the same in the two H-bridges for simplicity 

of the analysis and hence the voltage drop VL due to the induc- 

tance Ls  in the two H-bridges is also assumed equal [3]. The 

expression of the common mode voltage can be obtained in (4) 

by adding (2) and (3) as follows: 

2Vcm + Vβ N + Vα N − Vα′ β ′ = 0. (4) 

Using (4), the common mode voltage can be expressed as 

follows: 

Vα ′ β ′ − Vα N − Vβ N

COMMON MODE VOLTAGE Vcm = . (5) 
2 

Fig. 1 shows the PV-supported single-phase five-level cas- 

caded H-bridge inverter topology, where two H-bridges are con- 

nected in cascade and provides a common output. The configu- 

Now considering convention that the leakage current will flow 

from PV module to ground or vice versa as per the standards 

IEEE 80 [22], the sign of common mode voltage can be reversed 

ration of two cascaded H-bridges adds the output voltage of the as V ′ = −Vcm and abbreviated now onward as CMV in this
upper and lower bridges to generate five-level stepped output 

voltage at the ac side, i.e., VPV , VPV /2, 0, −VPV /2, and −VPV . 
It is assumed that the grid does not contribute common mode 

voltage in the system [9]. The converter topology and modu- 

lation method have significant contribution in leakage current 

generation. Therefore, the transformerless cascaded multilevel 

inverter shown in Fig. 1 is connected to a simple resistive load for 

paper. Equation (5) is useful for determining the common mode 
voltage in various intervals of the reference period. 

To minimize the leakage current flow through the para- 

sitic capacitance, the common mode voltage is required to 

be maintained minimum during the switching instances. The 

minimum step value of the common mode voltage is defined 

by VPV /(n − 1) in the MCPWM technique [18]. In phase 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/


International Journal  of Research 
Available at 

https://edupediapublications.org/journals

p-I SSN: 2348 -6848  
e-I SSN: 23 48-795X 

Vol ume 04  I s s ue 03  
Ma rc h 2017  

Available online:  https://edupediapublications.org/journals/index.php/IJR/  P a g e  | 557  

cm 

TABLE I 

SWITCHING INSTANTS OF THE H-MCPWM T ECHNIQUE FOR CONSTANT COMMON MODE VOLTAGE

Logic conditions Switches on upper H-bridge Switches on lower H-bridge Common mode voltage 

Mode-1: (0 to T/2) S 1 1  S 1 4  S 1 3  S 1 2  S 2 1  S 2 4  S 2 3  
S 2 2 V ′ 

c  m 

V c 1 > V r e f < V c 2 1 1 0 0 0 0 1 1 2V P V /4 

V c 1 > V r e f > V c 2 0 1 0 1 0 0 1 1 V P V /4 

V c 1 < V r e f > V c 2 0 0 1 1 0 0 1 1 2V P V /4 

Mode-2: (T/2 to T) S11 S14 S13 S12 S21 S24 S23 S22 – 

V c 2 > V r e f < V c 1 1 1 0 0 0 0 1 1 2V P V /4 
V c 2 > V r e f > V c 1 1 1 0 0 1 0 1 0 V P V /4 

V c 2 < V r e f > V c 1 1 1 0 0 1 1 0 0 0 

disposit ion multicar rie r pulse width modulatio n (PD- 

MCPWM), the common mode V ′ varies in the band range 

of ±VPV /2. However, in this modulation method, total (n−1) 
number of carrier signals are used, where n is the inverter level. 

The proposed H-MCPWM is the modified version of the phase 

opposite disposition (POD) pulse width modulation technique, 

where the number of carriers required is half of that required 

in POD PWM and therefore computational burden is reduced. 

In this modulation method, the carrier signals used are in-phase 

with each other. The phase of all the carriers is shifted by 180° 

after each half-cycle. Table I shows the different switching in- 

stants and their corresponding magnitude of CMV. It has six 

switching instants, in which one instant has zero CMV, three in- 

stants have 2VPV /4, and two instants have VPV /4, CMV. There 
is no voltage transition in zero CMV. The CMV may take the 

values depending upon the inverter switch states selected since 

the voltage-source inverter cannot provide pure sinusoidal volt- 

ages and has discrete output voltage levels synthesized from 

the output voltage of the PV [10], [23]. The voltage transition 

depends upon the direction of the current in the inverter; hence, 

the proposed H-MCPWM modulation technique ensures the re- 

duced common mode voltage generation in the band limit of 

maximum ±VPV /4. The switching pattern of the proposed H- 
MCPWM technique for five-level cascaded multilevel inverter is 

illustrated in Fig. 2. The operation of the proposed H-MCPWM 

is divided into two modes of operation, i.e., mode-1 and mode-2, 

as explained next. 

A . Mode-1 (0 to T/2) 

In this mode, all the carrier signals are in-phase with each 

other, the three-level voltages, i.e., 0, −VPV /2, and −VPV , are 
generated using following switching scheme: 

1) When the reference signal Vref is smaller than the carrier 
signals Vc1 and Vc2 , then the switches S11 , S14 , S23 , 
and S22 are turned ON and the complimentary switches, 
S13 , S12 , S21 , and S24 , are turned OFF. In this situation

Vα N = VPV /2, Vβ N = 0, and the output voltage is Vαβ =
+VPV /2.

2) When the reference signal Vref is greater the carrier sig- 
nal Vc2 , and lesser than the carrier signal Vc1 , then the
switches S14 , S12 , S23 , and S22 are turned ON and the

Fig. 2.    Switching pattern of the proposed H-MCPWM technique for 
the five- level cascaded multilevel inverter. 

1) When both the carrier signals, Vc1 and Vc2 , are
smaller than the reference signal Vref , then the
switches, S13 , S12 , S23 , and S22 , are turned ON

and the complimentary switches, S11 , S14 , S21 ,
and S24 , are turned OFF. In this situation Vα N = 0,

Vβ N = VPV /2, and the output voltage is Vαβ =
−VPV /2.

B. Mode-2 (T/2 to T) 

In this mode, all the carrier signals are phase shifted by 

180°, the three-level voltages, i.e., 0, +VPV /2, and +VPV

, are gener- ated using following switching scheme. 

1) When the reference signal Vref is smaller than the
carrier signals Vc1 and Vc2 , then the switches,
S11 , S14 , S23 , and S22 , are turned ON and the
complimentary switches, S13 , S12 , S21 , and S24 ,

are turned OFF. In this situation Vα′ N ′ = 0, Vβ ′ N ′ =
+VPV /2, and the output voltage is Vα′β ′ = −VPV

/2.
2) When the reference signal Vref is greater the

carrier sig- nals Vc1 , and lesser than the carrier
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the switches, S11 , S14 , S21 , and S23 , are turned ON

and the complimentary switches, S13 , S12 , S22 , and 
S24 , are turned OFF. In this situation Vα′ N ′ = +VPV /2, 
Vβ ′ N ′ = +VPV /2, and the output voltage is Vα′ β ′ = 0. 

3) When both the carrier signals, Vc1 and Vc2 , are smaller 
than the reference signal Vref , then the switches, S11 , 
S14 , S21 , and S24 , are turned ON and the complimentary 
switches, S13 , S12 , S23 , and S22 , are turned OFF. In this 

situation Vα′ N ′ = VPV /2, Vβ ′ N ′ = 0, and the output volt- 
age is Vα′ β ′ = +VPV /2. 

The summary of the switching instants employed in two 
modes of operation is presented in Table I. It is clearly visi- 

ble from the previous discussion that the proposed H-MCPWM 

technique is able to generate five-level inverter output voltage 

and attain reduced common mode voltage in the band of maxi- 

mum ±VPV /4, which is superior to the conventional MCPWM 
technique. 

III. RESULTS AND DISCUSSIONS 

To validate the proposed H-MCPWM technique, a prototype 

model is developed in the laboratory. The system parameters 

used for the experimental studies consist of four AKSHAYA 

ASP-1250 solar PV modules (each module is rated for 50 W), 

dc-link capacitance (2200 µF), ground resistance (10 Ω), par- 
asitic capacitance (100 nF), switching frequency (3 kHz), and 

inductance (5 mH). The Mitsubishi make intelligent power mod- 

ules (IPM), PM50RSD120 having IGBT switches is chosen for 

the H-bridge inverter. The multicarrier modulation techniques 

are implemented on XILINX XC3S1400A, field-programmable 

gate array (FPGA), which generates the gating signals for the 

switches of the IPM. 

Fig. 3(a)–(c) shows the inverter output voltage, common 

mode voltage, output current and leakage current, respec- 

tively, for the PD-MCPWM, POD-MCPWM, and proposed H- 

MCPWM techniques, for the five-level inverter. It can be seen 

from the figure that the output voltages of the inverter have 

five voltage steps, i.e., +40 V, +20 V, 0, −20 V, and −40 V. 
It can be observed from Fig. 3(a) and (b), respectively, that 

the CMV is 35.2 V (peak) in the PD-MCPWM technique and 

26.0 V (peak) in the POD-MCPWM technique. The proposed 

H-MCPWM technique produces CMV of 24.5 V (peak) as ob- 

served from Fig. 3(c). It is in good agreement with the theoretical 

aspects explained in the previous section that the PD-MCPWM 

technique varies in the band range of ±VPV /2 and hence, fur- 
ther reduction of CMV is not possible due to uncontrollable 

switching states. The H-MCPWM offers reduced magnitude of 

CMV to the band limit of maximum ±VPV /4. The proposed 

Fig. 3. Inverter output voltage, common mode voltage, inverter output current, 
and leakage current for (a) PD-MCPWM, (b) POD-MCPWM, and (c) proposed 
H-MCPWM techniques. 

TABLE II 
COMPARISON OF DIFFERENT MULTICARRIER PWM T ECHNIQUES 

H-MCPWM provides reduced CMV during all the switching 
instants; hence, it renders low leakage current flow through the 

parasitic capacitance. 

The simulation results comparison of different multicarrier 

PWM techniques, PD and POD-MCPWM [24], and the pro- 

posed H- MCPWM, regarding total harmonic distortion of the 
inverter output voltage and current, common mode voltage, leak-

Content PD-MCPWM POD-MCPWM H-MCPWM 

Total harmonic distortion% (voltage) 30.29% 30.96% 27.41% 

Total harmonic distortion% (current) 4.71% 5.12% 4.25% 

Common mode voltage High Low Low 

Leakage current (peak) 0.3 A 0.24 A 0.24 A 

Leakage current (rms) 0.098 A 0.078 A 0.070 A 
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Fig. 4. FPGA device utilization summary report: (a) MCPWM (both PD and 
POD) techniques, and (b) proposed H-MCPWM technique. 

output voltage of 120 V across the dc link of each H-bridge, 

parasitic capacitance (0.1 µF), modulation index (0.9), filter in- 

ductance (1.8 mH), and load (20 Ω). The table clearly shows the 

advantage of the proposed H-MCPWM as compared to the other 

multicarrier PWM techniques. Also the proposed H-MCPWM 

has less computational burden, as compared to the conven- 

tional MCPWM. To show this, the digital processor utilization 

summary report for XILINX XC3S1400A FPGA is shown in 

Fig. 4(a) and (b), respectively, for the MCPWM (same for both 

PD and POD) and for the proposed H-MCPWM techniques. 

I V. CONCLUSION

This letter  proposes H-MCPWM  technique employed in 

transformerless cascaded multilevel inverter for the PV systems. 

The proposed modulation technique attains reduced common 

mode voltage with simplicity in implementation of the modula- 

tion technique. It has been illustrated that the proposed modula- 

tion technique has less leakage current as compared to the two- 

and three-level inverters. It is also observed that the proposed 

H-MCPWM offers less total harmonic distortion as compared 

to the conventional modulation methods. It uses only two carrier 

signals to generate the five-level inverter output which otherwise 

is four in other multicarrier modulation techniques. 

REFERENCES 

[1] R. Gonzalez, J. Lopez, P. Sanchis, and L. Marroyo, “Transformerless 

inverter for single-phase photovoltaic systems,” IEEE Trans. Power Elec- 
tron., vol. 22, no. 2, pp. 693–697, Mar. 2007. 

[2] Y. Wensong, L. Jih-Sheng, H. Qian, and C. Hutchens, “High-efficiency 
MOSFET  inverter with H6-type configuration for photovoltaic nonisolated 

AC-module applications,” IEEE Trans. Power Electron., vol. 26, no. 4, pp. 
1253–1260, Apr. 2011. 

[3] Y. Zhou, W. Huang, P. Zhao, and J. Zhao, “A transformerless grid- 
connected photovoltaic system based on the coupled inductor single-stage 
boost three-phase inverter,” IEEE Trans. Power Electron., vol. 29, no. 3, 
pp. 1041–1046, Mar. 2014. 

[4] L. Zhang, K. Sun, Y. Xing, and M. Xing, “H6 transformerless full-bridge 
PV grid-tied inverters,” IEEE Trans. Power Electron., vol. 29, no. 3,  
pp. 1229–1238, Mar. 2014. 

[5] T . Kerekes, R. Teodorescu, P. Rodriguez, G. Vazquez, and E. Aldabas, “A 
new high-efficiency single-phase transformerless PV inverter topology,” 
IEEE Trans. Ind. Electron., vol. 58, no. 1, pp. 184–191, Jan. 2011. 

[6] E. Koutroulis and F. Blaabjerg, “Design optimization of transformerless 
grid-connected PV inverters including reliability,” IEEE Trans. Power 
Electron., vol. 28, no. 1, pp. 325–335, Jan. 2013. 

[7] L. June-Seok and L. Kyo-Beum, “New modulation techniques for a leak- 
age current reduction and a neutral-point voltage balance in transformer- 
less photovoltaic systems using a three-level inverter,” IEEE Trans. Power 
Electron., vol. 29, no. 4, pp. 1720–1732, Apr. 2014. 

[8] Z. Li, S. Kai Sun, F. Lanlan, W. Hongfei, and X. Yan, “A family of neutral 
point  clamped full-bridge topologies for transformerless photovoltaic grid- 
t ied inverters,” IEEE Trans. Power Electron., vol. 28, no. 2, pp. 730–739, 
Feb. 2013. 

[9] Y. Bo, L. Wuhua, G. Yunjie, C. Wenfeng, and H. Xiangning, “Improved 

transformerless inverter with common-mode leakage current elimination 
for a photovoltaic grid-connected power system,” IEEE Trans. Power 
Electron., vol. 27, no. 2, pp. 752–762, Feb. 2012. 

[10] M. M. Renge and H. M. Suryawanshi, “Five-level diode clamped inverter 
to eliminate common mode voltage and reduce dv/dt in medium voltage 
rating induction motor drives,” IEEE Trans. Power Electron., vol. 23, 
no. 4, pp. 1598–1607, Jul. 2008. 

[11] Y. Zhou and H. Li, “Analysis and suppression of leakage current  in 
cascaded-multilevel-inverter based PV systems,” IEEE Trans. Power Elec- 
tron., vol. 29, no. 10, pp. 5265–5277, Oct. 2014. 

[12] R. Gonzalez, E. Gubia, J. Lopez, and L. Marroyo, “Transformerless single 
phase multilevel-based photovoltaic inverter,” IEEE Trans. Ind. Electron., 
vol. 55, no. 7, pp. 2694–2702, Jul. 2008. 

[13]  (2014). [Online]. Available: http://www.sungrowpower.com 

[14] S. Gautam and R. Gupta, “Switching frequency derivation for the cas- 
caded multilevel inverter operating in current control mode using multi- 
band hysteresis modulation,” IEEE Trans. Power Electron., vol. 29, no. 3, 
pp. 1480–1489, Mar. 2014. 

[15] A. M. Hava and E. Un, “A high-performance PWM algorithm for 
common-mode voltage reduction in three-phase voltage source invert- 
ers,” IEEE Trans. Power Electron., vol. 26, no. 7, pp. 1998–2008, Jul. 
2011. 

[16] K. Zhou and D. Wang, “Relationship between space-vector modulation 
and three-phase carrier-based PWM: A comprehensive analysis,” IEEE 
Trans. Ind. Electron., vol. 49, no. 1, pp. 186–196, Jan. 2002. 

[17] L. P. Chiang, D. G. Holmes, Y. Fukuta, and T . A. Lipo, “Reduced 
common-mode modulation strategies for cascaded multilevel inverters,” 
IEEE Trans. Ind. Appl., vol. 39, no. 5, pp. 1386–1395, Sep./Oct. 2003. 

[18] L. Poh Chiang, D. G. Holmes, and T. A Lipo, “Implementation and control 
of distributed PWM cascaded multilevel inverters with minimal harmonic 
distortion and common-mode voltage,” IEEE Trans. Power Electron., 
vol. 20, no. 1, pp. 90–99, Jan. 2005. 

[19] C. C Hou, C. C. Shih, P. T . Cheng, and A. M. Hava, “Common-mode 
voltage reduction pulsewidth modulation techniques for three-phase grid- 
connected converters,” IEEE Trans. Power Electron., vol. 28, no. 4, 
pp. 1971–1979, Apr. 2013. 

[20] G. Xiaoqiang, M. C. Cavalcanti, A. M. Farias, and J. M. Guerrero, 
“Single-carrier modulation for neutral-point-clamped inverters in three- 
phase transformerless photovoltaic systems,” IEEE Trans. Power Elec- 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/
http://www.sungrowpower.com/


International Journal  of Research 
Available at 

https://edupediapublications.org/journals

p-I SSN: 2348 -6848  
e-I SSN: 23 48-795X 

Vol ume 04  I s s ue 03  
Ma rc h 2017  

Available online:  https://edupediapublications.org/journals/index.php/IJR/ P a g e | 560

tron., vol. 28, no. 6, pp. 2635–2637, Jun. 2013. 
[21] O. Lopez, R. Teodorescu, and J. Doval-Gandoy, “Multilevel 

transformer- less topologies for single-phase grid-connected 
converters,” in Proc. 32nd Annu. Conf. IEEE Ind. Electron., Nov. 2006, 
pp. 5191–5196. 

[22] IEEE Guide for Safety in AC Substation Grounding, IEEE Std. 80-
2000, New York, NY, USA, 2000. 

[23] R. M. Mohan and S. M. Hiralal, “Multilevel inverter to reduce 
common mode voltage in AC motor drives using SPWM 
technique” J. Power Electron., vol. 11, no. 1, pp. 21–27, Jan. 2011. 

[24] D. G. Holmes and T . Lipo, Pulse Width Modulation for Power 
Converters: Principles and Practice. Piscataway, NJ, USA: IEEE Press, 
2003. 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/



