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___________________________________________________________________________

Abstract—Voltage source inverter is commonly used as the interface to connect the renewable energy 

source and the power grid. In this paper, a single-phase hybrid cascaded inverter is proposed. It is 

based on two kinds of power devices - MOSFET and IGBT. The cascaded inverter consists of three H-

bridges. The DC voltage of each H-bridge meets the proportional relationship of 1:2:4 and the three 

modules are connected in series at the AC side. The low voltage bridges are composed of MOSFETs, 

while the medium and high voltage bridges are composed of IGBTs. This hybrid cascaded inverter can 

output at most 15 voltage levels at the AC side with rather low switching frequency. At the same time, 

it can exhibit the advantages of different power devices and make the inverter operation flexible. 

Voltage gradational is adopted in the paper. It is shown that the conversion efficiency reaches up to 

98% and the output THD is less than 5% (meets requirement of the IEEE standards).  

___________________________________________________________________________ 

1. Introduction 

Voltage source inverter is commonly used as the interface to connect the renewable energy source 

and the power grid. In order to improve the performance of renewable energy system, the topology 

and control method of the inverter system need to be analyzed. In this work, a single-phase hybrid 

cascaded inverter is proposed. It is based on two kinds of power devices - MOSFET and IGBT. The 

cascaded inverter consists of four  H-bridges. The DC voltage of each H-bridge meets the proportional 

relationship of 1:2:4 and the four modules are connected in series at the AC side. The low voltage 

bridge is composed of MOSFETs, while the medium and high voltage bridges are composed of 

IGBTs. This hybrid cascaded  inverter can output at most  31 voltage levels at the AC side with rather 

low switching frequency. At the same time, it can fully exhibit the advantages of different power 

devices and make the inverter operation flexible. Voltage gradational  method  is adopted. It is shown 

that the conversion efficiency reaches up to 98% and the output THD is less than 5% (meets 

requirement of the  IEEE standards). Meanwhile, with different combination of switching states, the 

distribution of input active power in each H-bridge can be adjusted. As a result, for renewable energy 

system, larger control freedom is provided and the need of power balance is satisfied.  
According to the selected modulation method, the switching frequency in the four H-bridges 

are different. In V0 and 2V0 Hbridge, the DC bus voltage is lower and the switching frequency is 

higher, so power MOSFET is adopted. On the other hand, in 4V0 and 8V0 H-bridges, the DC bus 

voltage is higher and the switching frequency is lower, so IGBT is adopted. With the above 

combination of power switches, the advantages of different devices can be shown and the system loss 

is further lowered down. The high efficiency operation  of the inverter system can be reached. 

Compared with conventional two-level inverter, HCI has several advantages. They‟re flexible choice 

of devices, low voltage rating for each power switch, low output harmonic content, low switching 

frequency and so on. Its DC side can be easily connected to the micro-sources with DC voltage output.  
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2. Conventional 7 level  inverter 

 

 
 

Fig 1. Seven  level Casdede H Bridge inverter 

 

                       A CMC as shown in Fig 1 is easy to design and assemble because of the uniform circuit 

structure of the converter units and modularized circuit layout. Easy packaging is also possible in 

CMC topology as each level has the same structure, and there are no extra clamping diodes or voltage-

balancing capacitors.. The number of output voltage levels can then  be easily adjusted by changing 

the number of full-bridge converters. The CMC synthesizes a desired voltage from several 

independent DC voltage sources, which may be obtained from batteries, fuel cells or solar cells. 

In general, the output voltage of CMC is controlled as follows: 

i). By controlling the pulse width of the    output     voltage by fundamental frequency switching (FFS) 

method or PWM technique while keeping the magnitude of dc voltage fixed. 

ii). By controlling the magnitude of dc voltage while  keeping    the pulse width of output voltage 

fixed or by controlling the modulation index in case of PWM. 

iii). By controlling both the magnitude of dc voltage  and   the pulse width of the output voltage. 

      The basis of selecting the method of controlling the converter  output  voltage is 

dependent on the ability to control the THD. In this work, the second method will be adopted to 

control the inverter output voltage. The objective of achieving minimum THD is based  on     two  

switching methods, the fundamental frequency switching (FFS)    and  multi-carrier based   PWM 

technique. FFS modulation can be easily implemented for the CMC due to its unique structure. All 

switching angles can be calculated off-line and then stored in a   look-up   table   for  digital 

implementation. Compared with the carrier-based PWM schemes, FFS   features   low switching 

losses since all the IGBT switches operate at   fundamental frequency. As the expressions for 

switching angles are nonlinear and transcendental,  deriving  a   valid   solution over the   full   range  

of amplitude modulation index (ma) is not always possible.  

 

3.  Structure Of 15 Level HCI  

                      

The hybrid structure is shown in two aspects. Firstly, the DC buses have hybrid voltages. They are V0, 

2V0 and 4V0 respectively. Secondly, hybrid power devices are adopted.For DC buses with different 



International Journal of Emerging Trends in Engineering and Development                Issue 3, Vol.2 (March 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                    ISSN 2249-6149 

 Page 613 
 

voltages are employed, more voltage levels can be reached at the AC side, with rather lower switching 

frequency. As a result, the output harmonic loss and the switching loss are lower down. At the same 

time, for different kinds of power switches are employed, the performance of the inverter system can 

be further improved.This is based on Binary Logic of 1:2:3.According to the selected modulation 

method, the switching frequency in the three H-bridges are different. In V0 H bridge, the DC bus 

voltage is lower and the switching frequency is higher, so power MOSFET is adopted. On the other 

hand, in 2V0 and 4V0 H-bridges, the DC bus voltage is higher and the switching frequency is lower, so 

IGBT is adopted. With the above combination of power switches, the advantages of different devices 

can be shown and the system loss is further lowered down. The high efficiency operation of the 

inverter system can be reached. The structure of the HCI is composed of three H-bridges.  

 

Fig 2. Structure of HCI 

 

The realization process of voltage gradational modulation method can be shown as follow. Firstly, 

according to the actual required amplitude and frequency, confirm the ideal instantaneous voltage 

value. Secondly, divide the ideal instantaneous voltage by the reference voltage V0. Round the result 

and get the voltage level to the instantaneous voltage.Finally, confirm the concrete output voltage of 

each Hbridge and the concrete state of each power switch. 

                   

 

4.  Structure Of HCI And Its Modulation  Method Of  Fifteen  Level HCI 

 

          The structure of the HCI is composed of four H-bridges, as shown in Fig.3.4. They 

have isolated DC buses and the voltages are V0, 2V0 , 4V0 and 8V0 respectively. And at the AC side, 

three H-bridges are connected in series. Concretely, V0  and 2V0 H-bridge is based on MOSFET, 

while 4V0 and 8V0 H-bridges are based on V-IGBT.. In voltage gradational method, V is supposed to 

be the required voltage at the AC side. It is the superposition result of V0, 2V0, 4V0 and 8V0, as 

shown in (1).Here, coefficients w,x, y and z equal to 1, -1 or 0. „1‟, „-1‟ and „0‟ mean the H-bridge 

outputs positive, negative and zero DC bus voltage, respectively. It can be analyzed that to each 

needed voltage at the AC side, several superposition ways can be reached sometimes. For example, 

V0 has three superposition methods. They can be shown as 

V=1·V0+0·2V0+0·4V0                                                     (1) 

V=(-1)·V0+1·2V0+0·4V0                                                (2) 

and  

V=(-1)·V0+(-1)·2V0+1·4V0.                           (3) 

 In this way, some redundant states can be reached. The operation of HCI is more flexible .. 

V=w.V0+x.2V0+y.4V0+z.8V0                                  (4) 

The realization process of voltage gradational modulation method can be shown as follow. Firstly, 

according to the actual required amplitude and frequency, confirm the ideal instantaneous voltage 
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value. Secondly, divide the ideal instantaneous voltage by the reference voltage V0. Round the result 

and get the voltage level to the instantaneous voltage. Finally, confirm the concrete output voltage of 

each H bridge and the concrete state of each power switch.. The sum of the above two output voltage 

waveform has sevenlevel staircase. The ideal sinusoidal waveform minus the seven-level staircase 

waveform reaches the modulation wave in V0 H-bridge.  

 

4.1 Power Balance Control Method In  Fifteen Level HCI 

 

        In voltage gradational modulation method, there are several redundant 

superposition methods. The redundant states can be utilized.  one H-bridge can output three kinds of 

voltages. They‟re positive DC bus voltage, negative DC bus voltage and zero. Suppose the direction 

of the load current is shown in Fig.2 (When the direction of the load current changes, the same 

analyzing process can be reached.). When positive voltage is reached at the AC side,the DC bus 

provides active power and the capacitor is discharging. 

                

            .

5. Simulation Results 

 

5.1 Conventional Seven  Level Inverter 

                     

 In this Inverter all the ree Bridges  are  mosfet and have the constant voltages of 100V .It 

has the resistance of   10 ohm and the Inductance of 100 henry  

 

 

 
       

 
Fig.3 Output voltage and Current  of 7 Level CMI 

  

 
Fig. FFT Analysis 

 

Time in msec 
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5.2  FIFTEEN LEVEL HCI 

                   In this Inverter ,first  Bridge  is   mosfet and other two are IGBT,IT has  the Binary 

voltages in the ratio of 50:100:200 . 

It has the resistance of   10 ohm and the Inductance of 100 henry   

      

                                              

 

 

 

 

 

Fig. 5 Output voltage  and Current  of  15 Level HCI 

 

 
 

Fig. 5 FFT Analysis with voltage gradational method 

                           

          From Fig., it can be seen that this methods can reach staircase voltage waveform at 

the AC side. The base frequency is set to 50Hz. It can be seen that with the same modulation object, 

 

Time in msec 
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PWM carrier method has lower low-frequency output harmonic contents than voltage gradational 

method.  

 

6 COMPARISION 

 

Table 1:  Comparision between 7 Level,15 Level . 

 

 7 Level 15 Level 

Parameter R RL R RL 

THD 16.73 16.73 8.56 8.56 

Efficiency 94.4 96.4 96.4 97.3 

Utilisation Ratio 0.65 0.68 0.71 0.76 

No of Switches 12 12 12 12 

Spikes Nil Little Nil Little 

 

CONCLUSION 

In order to improve the performance of the renewable energy system,oyed. In this paper, the 

topology and modulation method of a single-phase HCI are discussed  Concretely, hybrid power 

devices are involved. In V0 ,2V0Hbridge,power MOSFET is adopted while in, 4V0 and 8V0 

Hbridges, IGBT is employed. The HCI is composed of three Hbridges.The DC voltage of each H-

bridge meets the proportional relationship of 1:2:4:8 and their AC sides are connected in series. As 

a result, it can output more voltage levels at the AC side with lower switching frequency. At the 

same time, voltage gradational method is adopted in the work.Based on the simulation results ,it 

can be concluded that high conversion efficiency (>98%) and good output performance (THD<5%) 

of HCI are reached.  
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