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Abstract- In this concept, two types of DC-DC 

converters with modified structures and different 

control methods for generating AC output voltage are 

proposed. In the modified cascaded dual buck inverter, 

absence of split capacitors leads to increased reliability 

of the inverter. Also, a new structure is proposed for 

integrated dual buck-boost inverter. The proposed 

inverters are capable of obtaining maximum power 

from solar cells by themselves. To evaluate operations 

of the proposed inverters, they have been modeled and 

simulated in PSCAD/EMTDC for different modulation 

indexes. Simulation results confirm validity and 

effectiveness of the proposed inverters. 

AMONG various multilevel voltage-source 

inverters, the most commonly used and commercially 

available ones are the neutral-point-c1amped, flying 

capacitor and cascade H-bridge inverters. The cascaded 

inverters are capable of reaching higher output voltage 

level by using commercially standard lower voltage 

devices and components. They also feature a modular 

design concept which lessens the maintenance process 

and the cascade inverters are well suited for utility 

interface of various renewable energy sources, such as 

photovoltaic systems, fuel cells, battery energy storage, 

and electric vehicle drives, where separate DC Sources 

naturally exist. However, since most of cascaded 

inverters are based on a series connection of several 

single voltage source inverters (VSI) with two active 

devices in one leg, they suffer from shoot-through 

problems, which is the most dominating failure 

(drawback) of VSIs. In addition, for the hard-switched 

cascaded inverters operating at higher DC bus voltages, 

cause them to lose the benefit of using power MOSFETs 

as the active switching devices for efficiency 

improvement and fast switching speed when they are 

available at certain voltage and power level.The 

proposed concept is implemented to PV cell fed using 

matlab/simulink software. 

Keywords-cascaded dual buck inverter; integrated dual 

buck boost inverter; PV (photovoltaic) MPPT; split 

capacitors 

 

I INTRODUCTION 

Among various multilevel voltage-source inverters, 

the most commonly used  and  commercially 

available  ones  are  the neutral-point-c1amped,  

flying  capacitor  and  cascade  H-bridge inverters  

[1-4].  The cascaded inverters are capable of reaching 

higher  output  voltage  level  by  using  

commercially  standard lower  voltage  devices  and  

components.  They  also  feature  a modular  design  

concept  which  lessens  the  maintenance process  [5-

7]  and  [20,  21].  The  cascade  inverters  are  well 

suited  for  utility  interface  of  various  renewable  

energy sources,  such  as  photovoltaic  systems,  fuel  

cells,  battery energy storage,  and electric vehicle 

drives,  where separate  DC sources  naturally  exist  

[8- 15]  However,  since  most  of cascaded  inverters  

are  based  on  a  series  connection  of  several single  

voltage  source  inverters  (VSI)  with  two  active  

devices in  one  leg,  they  suffer  from  shoot-through  

problems,  which  is the  most  dominating  failure  

(drawback)  of  VSIs.  In  addition, for  the  hard-

switched  cascaded  inverters  operating  at  higher 

DC  bus  voltages,  cause  them  to  lose  the  benefit  

of  using power  MOSFETs  as  the  active  switching  

devices  for efficiency  improvement  and  fast  

switching  speed  when  they are available at certain 

voltage and power level.  

Sun et al. proposed  a  new  cascaded  dual  

buck  inverter based  on  single  dual  buck  inverter  

topology to address  the issues  mentioned  above  

[16].  Although  the  dual  buck  type inverters  are  

being  categorized  as VSIs,  but  they do  not  suffer 

from  shoot-through  problem  which  ultimately 

makes them more  reliable [17- 19].  System  

reliability  is  another  feature that  also  improves  

through  applying  the  cascaded  dual  buck inverter  

because  unlike  traditional types of  cascaded  

inverters, this  type  does  not  suffer  from  shoot-

through  concerns associated with each  building  

block.  Featuring almost  no  dead time  is  another  

great  capability  of  the  cascaded  dual  buck 

inverter  which  results  in  pushing  the  duty  cycle  

to  the theoretical  limit  and  fully  transferring  the  

energy  to  load  via total  PWM.  In addition,  the  

cascaded  dual  buck  inverter  can be  hard-switched  

while  utilizing  the  benefits  of  power MOSFETs at  

certain  power  levels.  But in this structure, there are 

two split capacitors. Voltage balancing of these 

capacitors is very important. If the voltages of these 

capacitors are not equal, even harmonics in output 

voltage will be produced leading to increased losses 

and decreased efficiency of the converter. In this 

paper, two DC-AC inverters,  called modified 

cascaded  dual  buck  and  new  integrated  dual  

buck-boost,  are proposed  that  can  solve  the  

aforementioned  problem.  The proposed  dual  buck  

inverter  can  solve  the  split  capacitors problem,  

and  the  integrated  dual  buck-boost  inverter  can 
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produce  proper  output  AC  voltage  with  minimum 

components. These inverters are still VSI and have 

all merits of them that mentioned earlier.  

II PROPOSED TOPOLOGIES AND 

OPERATING PRINCIPALES 

The proposed inverters are shown in Fig.3.1. 

As it can be seen  from  Fig 1 (a),  the  proposed  

Modified  Cascaded  Dual Buck  (MCDB)  inverter  

is  comprised  of  two  single  buck inverters  and  

two  low  frequency switches.  Also,  the  proposed 

novel  Integrated  Dual Buck-Boost  (IDBB) inverter  

is  based on a  single  buck-boost  DC-DC  converter  

with  four  switches added  to  it  (Fig 1 (b)).  It is 

important to note that all the switches in both 

inverters are the unidirectional switches. 

 
(a) 

 
(b) 

Fig 1 proposed (a) MCDB (b) IDBB, inverters 

 

a) Proposed Modified Cascaded Dual Buck 

Inverter: In  Fig 2,  different  operating  modes  that  

are  achievable using  the  proposed  MCDB  inverter  

have  been  illustrated.  For cases  (a)  and  (b),  the  

inverter  produces  positive  half  cycle  of the  AC  

output  voltage  and  cases  (c)  and  (d)  contributes  

for negative half cycle. In  Fig 2(a),  first,  the  

switches  Sp and  Spi  are  on simultaneously,  while  

the  others  are  off.  Therefore,  the inverter  can  

produce  positive  voltage  which  increases  the 

current of positive inductance  (Lp), linearly. 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 
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In Fig 2(b), only the switch Spi is on and the 

others are off, therefore the inverter produces positive 

voltage in the output, while the current of positive 

inductance (Lp), decreases linearly.  These two 

operation modes (positive half cycle of AC output 

voltage), are applied sequentially until positive half 

cycle of output voltage is finished. In other words, Spi 

is on throughout positive half cycle of output voltage, 

but Sp can be on or off and its duty cycle can be 

increased from zero to one in sine wave type to 

produce proper positive half cycle of AC output 

voltage. 

In negative half cycle, switching strategy is 

almost the same as positive section. Throughout 

negative cycle of AC output voltage, the Snl should 

be on and Sn should be on or off to increase or 

decrease the current of negative inductance (Ln). The 

duty cycle of Sn should be increased from zero to one 

in sine wave type as similar for Sp. 

The proposed  MCDB inverter  has two  

high  frequency ( Sp and  Sn)'  and  two  low  

frequency  switches  (Spi and Snl)' Spi and Snl are on  

in the positive and negative half cycles of generated  

output  AC  voltage,  respectively  (Fig.3.3 (a)). Duty 

cycle of switches Sp and Sn are shown in Fig.3.3 (b). 

As it can be seen, the duty cycles are decided from 

comparison between fundamental frequency sine 

wave with peak value of m and sawtooth carrier 

signal. Therefore m is introduced as follow: 

                  
(a)                                       (b) 

Fig.3.3 switching signals of the switches of proposed 
 MCDB inverter (a) switches Spl and Snl (b) switches 

Sp and Sn 

  (1) 

Vmax is the peak value of desired AC output 

voltage, and Vdc denotes the input DC voltage. The 

parameter m can attain a value in the range of 0 to 1 

in this inverter. 

b) Proposed integrated Dual Buck-Boost Inverter:  

As seen from Fig.3.4, the proposed IDBB 

inverter is comprised of a common buck-boost 

topology loop for charging of inductance (loop (1) in 

Fig 4), and four switches to change the output 

polarity (loop (2) in Fig 4).  

Duty cycle of switch G is decided from 

comparison between fundamental frequency sine 

wave with peak value of m and saw tooth carrier 

signal. Value of m is calculated from (1).  Also (Gpl, 

Gp2) and (Gn1, Gn2) pair switches are on 

simultaneously in the positive and negative half cycle 

of output voltage, respectively, in the complimentary 

state of G. 

 

 
Fig 4 Structure of proposed IDBB inverter 

 

III PV MPPT ANALYZEZ 

For inverters with PV sources, two direct 

and indirect strategies are possible for MPP Tracking. 

Figure 5 (a), shows the indirect method, in which the 

PV sources are joined to the inverter by means of 

another converter tracking the MPP. In direct 

methodology, the  MPPT is  being  done  by the  

inverter  itself  which has  been  depicted  in Fig 5(b). 

 

 
(a)                                (b) 

Fig 5 MPPT control methods (a) indirect method (b) direct method 

In indirect method, MPP can be tracked by 

one of common techniques presented in published 

literature. According to  Fig 5(b), if the direct 

connection is applied,  the  proposed inverters will  

be  able  to  track  the  maximum  power  point  of  

PV  panels by themselves.  

For instance, by considering  vm as  the  

peak  value  of desired  AC  output  voltage,  (2)  and  

(3)  can  be  written  for  the MCDB and  IDBB  

inverters,  respectively. 

                    (2) 

              (3) 
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Where, D is the duty cycle of switches and 

Vpv is the PV output voltage.  The parameter D 

should be appropriately chosen for satisfying the 

following equation. 

                                 (4) 

To  track  maximum  power  point  of  PV  

panels  by  inverter, the  following  equations  are  

applied  to  choose  suitable  values for  Dsp  ,Dsn and  

DG. 

                          (5) 

                               (6) 

                          (7) 

 

IV COMPONENTS DETERMINATION 

The relationship between voltage and current of 

inductor can be written as eq. (8). 

                                       (8) 

In  the  MCDB  inverter,  while  the  Sp is on, (Ton  =  

DT = 
 

 
 ),  (3.8) can be rewritten as follow:  

                           (9) 

In (9), VDC is the input DC source, Vout is 

the output voltage of buck converter, D is the duty 

cycle of switch Sp and f is the switching frequency.  

In the buck converter: 

                               (10) 

By replacing (10) in (9) and doing necessary 

simplifications, (11) is resulted: 

                                                   

                          (11) 

Where ΔiL is the acceptable current ripple. If 

the proposed inverter be considered to operate in the 

Continuous Current Mode  (CCM),  from  (11),  the  

minimum  value  of  L would  be calculated as (13) 

                              (12) 

                            (13) 

The Rout is the load resistance.  By considering the D 

to be zero: 

                         (14) 

Also in the IDBB inverter, while G is off, 

(Toff = (1-D) T =  
   

 
 ), (8) can be rewritten as 

follow:  

  (15) 

The Vout is the output voltage of buck-boost 

converter, D is the duty cycle of switch G and f is the 

switching frequency.  By considering that Iout is the 

average current of switch Spi or Snl current, (16) is 

resulted. 

                             (16) 

From (15) and (16), (17) is resulted. 

                           (17) 

Rout is the load resistance. The value of D 

can change from zero to one. For Continuous Current 

Mode (CCM) operation of the proposed inverter and 

proper value selection of L, the D is considered to be 

0.9. According to (17), minimum value of L can be 

calculated as (18). 

                          (18) 

A PHOTOVOLTAIC SYSTEM 

A photovoltaic system, converts the light received 

from the sun into  electric energy. In  this  system,  

semi conductive  materials  are  used  in  the  

construction  of  solar  cells, which  transform  the  

self  contained  energy  of  photons  into  electricity,  

when  they  are  exposed to sun light. The cells are 

placed in an array that is either fixed or moving to  

keep tracking the sun in order to generate the 

maximum power [9]. These systems are 

environmental friendly without any kind of emission, 

easy to use,  with simple designs and it does not 

require any other fuel than solar light. On the  other  

hand, they need large spaces and the initial cost is 

high. 

PV array are formed by combine no of solar cell in 

series and in parallel. A simple solar cell equivalent 

circuit model is shown in figure. To enhance the 

performance or rating no of cell are combine. Solar 

cell are connected in series to provide greater output 

voltage and combined in parallel to increase the 

current. Hence a particular PV array is the 
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combination of several PV module connected in 

series and parallel. A module is the combination of 

no of solar cells connected in series and parallel. 

 

The photovoltaic system converts sunlight directly to 

electricity without having any disastrous effect on our 

environment. The basic segment of PV array is PV 

cell, which is just a simple p-n junction device. The 

fig.1.4 manifests the equivalent circuit of PV cell. 

Equivalent circuit has a current source 

(photocurrent), a diode parallel to it, a resistor in 

series describing an internal resistance to the flow of 

current and a shunt resistance which expresses a 

leakage current. The current supplied to the load can 

be given as. 

 
Fig 6 Equivalent circuit of Single diode modal of a solar cell 

 
Where 

IPV–Photocurrent current, 

 IO–diode’s Reverse saturation current, 

V–Voltage across the diode, 

a– Ideality factor 

 VT –Thermal voltage  

Rs – Series resistance Rp –Shunt resistance 

 

 
IV MATLAB/SIMULATION RESULTS 

 
Fig 7 Matlab/simulation circuit of Modified Cascade 

Dual Buck converter  

 
Fig 8 Output voltage of inverter after inductance and 

output voltage of inverter before inductance, when the inverter 

connected to the load, R =IOn , for the case of (a) m=O.3 

 
Fig 9 Current waveform of inductance Lp and L" when 

the inverter connected to the load of R = 1on , for the case of   m 

=0.3 

 
Fig 10 Output voltage of inverter after inductance and output 

voltage of inverter before inductance, when the inverter connected 

to the load, R =IOn , for the case of  m=O.7 
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Fig 11  Current waveform of inductance Lp and L" when the 

inverter connected to the load of R = 1on , for the case of   m =0.7 

 
Fig 12 Output voltage of inverter after inductance and output 

voltage of inverter before inductance, when the inverter connected 
to the load of R=50n,L=50mH , for the case of (a) m=0.3  

 
Fig 13 Current waveform of inductance Lp and L" when the 

inverter connected to the load of R =50n,L =50mH , for the case of 

(a) m = 0.3 

 
Fig 14 Output voltage of inverter after inductance and output 

voltage of inverter before inductance, when the inverter connected 

to the load of R=50n,L=50mH , for the case of (a) m=0.7 

 
Fig 15 Current waveform of inductance Lp and L" when the 

inverter connected to the load of R =50n,L =50mH , for the case of 

(a) m = 0.7 

 
 

Fig 16 Matlab/simulation circuit of Modified Cascaded Dual Buck 
converter with PV 

 
Fig 17 simulation wave form of output voltage with PV 

 
Fig 18 simulation wave form of inductance current with PV  
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Fig 19 Output voltage and current of inverter and current of 

inductance, when the inverter connected to the load, R=lOn , for 

the case of (a) m =0.3 

 
Fig 20 Output voltage and current of inverter and current of 

inductance, when the inverter connected to the load, R=lOn , for 
the case of (a) m =0.7 

 
Fig 21 Output voltage and current of inverter and current of 

inductance, when the inverter connected to the load, 

R=50n,L=50mH , for the case of (a) m=O.3 

 
Fig 22 Output voltage and current of inverter and current of 

inductance, when the inverter connected to the load, 

R=50n,L=50mH , for the case of (b) m=O.7 

 
Fig 23 simulation wave form of Integrated Dual Buck-Boost 

(IDBB) voltage and current with PV 

V CONCLUSION 

This paper has proposed a modified cascaded dual 

buck inverter, absence of split capacitors leads to 

increased reliability of the inverter and also 

Integrated Dual Output Buck Boost converter. This 

converter having advantages of step up/step down dc-

ac converter includes system reliability, reduction of 

size of components and there by acquiring less mass 

for the whole converter. The dual buck type inverters 

are still VSI, but with the unique topology and 

operation, they do not have the shoot-through 

worries, which lead to greatly enhanced reliability. 

With phase-shifted PWM fed to different cascade 

units, zero crossing distortion is eliminated. The 

phase-shift control increases the equivalent switching 

frequency by N times that of single-unit inverter, 

which leads to lower current ripple. Those converters 

are capable of obtaining maximum power from solar 

cells by themselves. This could be well verified from 

the simulation results. The converter gives an 

efficiency of 89.95%.To proposed with Renewable 

energy source are more economical .The converter 

behavior has been simulated in PSCAD/IEMTDC, 

the output voltage of inverter for both presence and 

absence of inductance, respectively showed. 

 

 

 

 

REFERENCES 

[1] J.  S.  Lai an F. Peng, "Multilevel 

converters-A new breed of power 

converter," IEEE Trans.  Ind.  Electron, 

vol.32, no. 3, pp.  509-517, May/Jun. 1996.  

[2] J.  Rodriguez, J.  S.  Lai, and F.  Peng, 

"Multilevel inverters:  A survey of 

topologies, controls, and applications," IEEE 

Trans. Ind. Electron, vol. 49, no. 4, pp. 724-

738, Aug. 2002.  

[3]   M.  Malinowski, K. Gopakumar, J. 

Rodriguez, and M.  A.  Perez, "A survey on 

cascaded multilevel inverters," IEEE Trans. 

Ind. Electron, vol. 57, no. 7, pp.  2196-2206, 

Jul. 2010.  



   International Journal of Research 
 Available at https://edupediapublications.org/journals  

p-ISSN: 2348-6848 
e-ISSN: 2348-795X 

Volume 03 Issue 17 
November 2016 

 

Available online: http://internationaljournalofresearch.org/  P a g e  | 1665 

[4]   L. G. Franquelo, J.  Rodriguez, 1.  T.  Leon, 

S.  Kouro, R.  Portillo and M. A.M.  Prats, 

"The age of multilevel converters arrives,” 

IEEE Ind. Electron. Mag., vol. 2, no. 2, pp. 

28-39, Jun. 2008.  

[5]   F.  Z.  Pengand, J .S. Lai,  "A  multilevel  

voltage-source  inverter  with separate  dc  

sources  for  static  V  AR  generation,"  in  

Proc. Conf.  Rec. IEEE -IAS Annu.  

Meeting, Lake Buena Vista, FL, Oct.  8-12, 

1995, pp. 2541-2548.  

[6]   F.  Z.  Peng and 1.  S.  Lai, "Dynamic 

performance  and control of a  static VAR  

compensator  using  cascade  multilevel  

inverters,"  in  Proc.  Conf. Rec.  IEEE-lAS  

Annu.  Meeting, San Diego, CA, Oct.  6-10, 

1996, pp. 1009-1015.  

[7]   F.  Z.  Peng, 1.  W.  McKeever,  and  

DJ.Adams,  "Cascade  multilevel inverters  

for  utility  applications,"  in  Proc.  Conf.  

Rec.  IEEE-IECON Annu. Meeting, New 

Orleans, LA, Nov. 9-14, 1997, pp. 437-442.  

[8]   H. Ertl, 1. W. Kolar, and F. C. Zach, "A 

novel multicell dc-ac converter for 

applications in renewable energy systems,” 

IEEE  Trans.  Ind. Electron. vol. 49, no. 5, 

pp. 1048-1057, Oct. 2002.  

[9]   O. Alonso, P.  Sanchis, E.  Gubia and L.  

Marroyo,  "Cascaded  H-bridge multilevel 

converter  for  grid  connected  photovoltaic  

generators  with independent maximum 

power  point tracking  of  each  solar  array,"  

in  Proc. 34th IEEE Power Electron. Spec. 

Conf., 2003, vol. 2, pp. 731-735.  

[10]   E.  Villanueva, P.  Correa, J. Rodriguez, and 

M.  Pacas,  "Control  of  a single  phase  

cascaded  H-bridge  multilevel  inverter  for  

grid-connected photovoltaic  systems,"  

IEEE  Trans.  Ind.  Electron. vol.  56, no.  II, 

pp. 4399-4406, Nov. 2009.  

[11]   F.  S.  Kang,  S.  1.  Park, S.  E.  Cho, C.  U.  

Kim, and T.  Ise,  "Multilevel PWM  

inverters  suitable  for  the  use  of  stand-

alone  photovoltaic  power grid-connected 

inverters for  photovoltaic modules," IEEE 

Trans. Energy Convers., vol. 20, no. 4, pp. 

906-915, Dec. 2005.  

[12]   L. M. Tolbert, F. Z. Peng, and T. G. 

HabetJer, "Multilevel converters for large 

electric drives,” IEEE Trans. Ind.  Appl., 

vol.  35, no.  1, pp. 36-44, Jan.lFeb. 1999.  

[13]   L. M. Tolbert, F. Z. Peng, T. Cunnyngham, 

and 1. N. Chiasson, "Charge Balance  

control  schemes  for  cascade  multilevel  

converter  in  hybrid electric vehicles,"  

IEEE  Trans. Ind. Electron., vol.  49, no.  5, 

pp.  1058-1064, Oct.2002.  

[14]   L.  Maharjan, T.  Yamagishi, H.  Akagi and 

1.  Asakura,  "Fault-tolerant operation  of  a  

battery-energy-storage  system  based  on  a  

multilevel cascade  PWM  converter  with  

star  configuration,"  IEEE  Trans.  Power 

Electron. vol. 25, no. 9, pp.  2386-2396, Sep. 

2010.  

[15]   L.  Maharjan, S.  Inoue, H.  Akagi,  and  J.  

Asakura,  "A  transforrnerless battery  

energy  storage  system  based  on  a  

multilevel  cascade  PWM converter,"  in 

Proc. IEEE  Power Electron. Spec. Conf., 

2008, pp. 4798-4804.  

[16]   P.  W.  Sun,  C.  Liu,  1.-S.  Lai,  and  c.-L.  

Chen,  "Cascade  dual  buck inverter  with 

phase-shift control,"  IEEE Trans. Power 

Electron., vol. 27, no. 4,Apr. 2012.  

[17]   J. Liu and  Y. Van, "A novel hysteresis 

current controlled dual buck half bridge 

inverter,"  in  Proc. IEEE PESC, 2003, pp. 

1615-1620.  

[18]   Z.  Yao,  L.  Xiao,  and  Y.  Van,  "Dual-

buck  full-bridge  inverter  with hysteresis  

current  control,"  IEEE  Trans.  Ind.  

Electron.,  vol.  56,  no.  8, pp. 3153-3160, 

Aug. 2009.  

[19]   Z.  Yao,  L.  Xiao,  and  Y.  Van,  "Control  

strategy  for  series  and  parallel output  

dual-buck  half  bridge  inverters  based  on  

DSP  control,"  IEEE Trans. Power 

Electron., vol. 24, no. 2, pp. 434-444, Feb. 

2013.  

[20]   M.  F.  Kangarlu  and  E.  Babaei,  "A  

Generalized  Cascaded  Multilevel Inverter  

Using  Series  Connection  of  Submultilevel  

Inverters,"  IEEE Trans. Power Electron., 

vol.  28, no. 2, pp. 625-636, Feb. 2013. 


