
 

 

 
Abstract- The concept of multilevel inverters introduced 

about 20 years ago entails performing power conversion 

in multiple voltage steps to obtain improved power 

quality, lower switching losses, better electromagnetic 

compatibility, and higher voltage capability. The 

benefits are especially clear for medium-voltage drives in 

industrial applications and are being considered for 

future naval ship propulsion systems. Several topologies 

for multilevel inverters have been proposed over the 

years; the most popular cascaded H-bridge apart from 

other multilevel inverters is the capability of utilizing 

different dc voltages on the individual H-bridge cells 

which results in splitting the power conversion amongst 

higher-voltage lower-frequency and lower-voltage 

higher-frequency inverters. Considering the cascaded 

inverter to be one unit, it can be seen that a higher 

number of voltage levels are available for a given 

number of semiconductor devices. In this paper a Novel 

5 level Hybrid H-Bridge is proposed. Considering the 

system as separate inverters, the cascaded design can be 

regarded as a combination of a bulk power (higher-

voltage) inverter and a conditioning (lower-power) 

inverter. In this paper, the design procedure for single 

cell based on cost and losses optimization is carried out. 

The selection of a single cell is based on SSOA (safe 

operating Area) and Thermal Rating .The selection of 

capacitor and heat sink is also carried out. A 

SIMULINK based model is developed and Simulation 

results are presented.  
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I.  INTRODUCTION  

With the advancement of power electronics and 

emergence of new multilevel converter topologies, it is 

possible to work at voltage levels beyond the classic 

semiconductor limits. The multilevel converters achieve 

high-voltage switching by means of a series of voltage 

steps, each of which lies within the ratings of the individual 

power devices. Among the multilevel Converters [1-4], the 

cascaded H-bridge topology (CHB) is particularly attractive 

in high-voltage applications, because it requires the least 

number of components to synthesize the same number of 

voltage levels.  

 

Additionally, due to its modular structure, the hardware 

implementation is rather simple and the maintenance 

operation is easier than alternative multilevel converters. 

The multilevel voltage source inverter is recently applied in 

many industrial applications such as ac power supplies, 

static VAR compensators, drive systems, etc. One of the 

significant advantages of multilevel configuration is the 

harmonic reduction in the output waveform without 

increasing switching frequency or decreasing the inverter 
power output [5-11]. The output voltage waveform of a 

multilevel inverter is composed of the number of levels of 

voltages, typically obtained from capacitor voltage sources. 

The so-called multilevel starts from three levels. As the 

number of levels reach infinity, the output THD approaches 

zero. The number of the achievable voltage levels, however, 

is limited by voltage unbalance problems voltage clamping 

requirement, circuit layout, and packaging constraints. 

II. PROPOSED NOVEL CONVERTER 

A   Full H-Bridge 
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Fig.1 shows the Full H-Bridge Configuration. By 

using single H-Bridge we can get 3 voltage levels. The 

number output voltage levels of cascaded Full H-Bridge are 

given by 2n+1 and voltage step of each level is given by 

Vdc/n. Where n is number of H-bridges connected in 

cascaded. The switching table is given in Table 1. 

Figure. 1 Full H-Bridge 
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Table 1. Switching table for Full H-Bridge 

 

 

 

 

 

 
 

 

  

 

 

 

 

 

B   Hybrid H-Bridge 
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Fig. 2 shows the Hybrid H-Bridge configuration. 

By using single Hybrid H-Bridge we can get 5 voltage 

levels. The number output voltage levels of cascaded Hybrid 

H-Bridge are given by 4n+1 and voltage step of each level 
is given by Vdc/2n. Where n is number of H-bridges 

connected in cascaded.  The switching table of Hybrid H-

Bridge is given in Table 2. 

 
Table 2. Switching table for Hybrid H-Bridge 

 
Switches Turn On Voltage Level 

Sa, S1 Vdc/2 

S1,S2 Vdc 

S4,D2 0 

Sa,S3 -Vdc/2 

S3,S4 -Vdc 

 

III. PWM FOR HYBRID H-BRIDGE 

 

 

 
Figure. 3 Hybrid H-Bridges 

 

Two reference signals Vref1 and Vref2 will take turns 

to be compared with the carrier signal at a time. If Vref1 

exceeds the peak amplitude of carrier signal Vcarrier, then 

Vref2 will be compared with the carrier signal until it reaches 

zero. At this point onward, Vref1 takes over the comparison 
process until it exceeds Vcarrier. Switches S3 and S2 will be 

switching at the rate of the carrier signal frequency, while S1 

and S4 will operate at a frequency that is equivalent to the 

fundamental frequency.  

 

IV. DESIGN OF PROPOSED NOVEL HYBRID H-BRIDGE 

INVERTER 

 

A      Device Current 

 

The IGBT and DIODE currents can be obtained 
from the load current by multiplying with the corresponding 

duty cycles.  Duty cycle, d = ½(1+Kmsinωt) 

Where, m = modulation  index  K = +1 for IGBT,  -1 for 

Diode. 

iph =  
Where i = RMS value of the load (output) current, 

           Ø = Phase angle between load voltage and current. 

Then the device current can be written as follows. 

 
The average value of the device current over a cycle is 

calculated as  

 
  

 

 The device RMS current can be written as 

 

Switches Turn ON Voltage Level 

S1,S2 Vdc 

S3,S4 -Vdc 

S4,D2 0 

Figure. 2 Hybrid H-Bridges 
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B      IGBT Loss Calculation 

 

IGBT loss can be calculated by the sum of switching loss 

and conduction loss. Where conduction loss can be 

calculated by, 

                                                                    

                              

                                                                  

     

Values of Vceo and rceo at any junction temperature can be 

obtained from the output characteristics (Ic vs. Vce) of the 

IGBT as shown in Fig .4. 

 
  

Figure 4 IGBT output characteristics 

 

The switching losses are the sum of all turn-on and turn-off 

energies at the switching events 
                                                    

 Assuming the linear dependence, switching energy 

 
 Here VDC is the actual DC-Link voltage and Vnom is the 

DC-Link Voltage at which Esw is given. Switching losses 

are calculated by summing up the switching energies. 

 

         

                                                                       

 Here „n‟ depends on the switching frequency. 

  

  

 

After considering the DC-Link voltage variations switching 

losses of the IGBT can be written as follows. 

 

      

                                        

So, the sum of conduction and switching losses gives the 

total losses. 

 
                          

 
C     Diode Loss Calculation 

 

The DIODE switching losses consists of its reverse 

recovery losses and the turn-on losses are negligible.   
 

                                                                                              

                                                       

So, the sum of conduction and switching losses gives the 

total DIODE looses. 

 

 
 

     

                                                       

The total loss per one switch (IGBT+DIODE) is the sum of 

one IGBT and DIODE loss. 

 
    

 

D.     Thermal Calculations 

                                                                              

 The junction temperatures of the IGBT 

and DIODE are calculated based on the device power losses 

and thermal resistances. The thermal resistance equivalent 

circuit for a module is shown in Fig 5. In this design the 

thermal calculations are started with heat sink temperature 

as the reference temperature. So, the case temperature from 
the model can be written as follows. 

 
 

Here Rth(c-h) = Thermal resistance between case and heat 

sink 

 

PT = Total Power Loss (IGBT+DIODE) 

IGBT junction temperature is the sum of the case 

temperature and temperature raise due to the power losses in 

the IGBT. 

 
 

DIODE junction temperature is the sum of the case 

temperature and temperature raise due to the power losses in 

the DIODE. 
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The above calculations are done based on the average power 

losses computed over a cycle. So, the corresponding thermal 

calculation gives the average junction temperatures. In order 

to make the calculated values close to the actual values, 

transient temperature values are to be added to the average 

junction temperatures. 

 
Figure. 5 Thermal resistance equivalent circuit 

E. DC-Capacitor Selection 

 The required capacitance for each cell depends 

on the allowable ripple voltage and the load current. The 
rms ripple current flowing into the capacitor can be written 

as follows and the ripple current frequency is double the 

load current frequency (Novel Hybrid H-Bridge). 
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Fig. 6 Novel Hybrid H-Bridge converter 

 

Since the value of „L‟ is very small, the above equation can 
be written as below. 

 

 

 

Here „m‟ is the modulation index.  

 

Here  

 
 

 

 

V. MATLAB/SIMULINK MODELING AND SIMULATION 

RESULTS  

Fig. 7 and 9 shows the Matlab/Simulink model of 

Hybrid H-bridge and cascaded Hybrid H-bridge converters 

respectively. 

 
Figure. 7 Matlab/Simulink model of Hybrid H-bridge 

Fig. 8 shows the five level output of Hybrid H-Bridge. The 

corresponding PWM output is shown in Fig.9. 
 

 
 

Figure.8  Five Level Output  of Hybrid H-bridge 
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Figure.9  Five Level PWM Output  of Hybrid H-bridge 

 

 
Figure. 10 Matlab/Simulink model of Casaded Hybrid H-bridge 

 

 

Figure. 11 Seven Level Output of Hybrid H-bridge 

 

Fig. 11 shows the 11-level output of cascaded 

Hybrid H-Bridge.  

 

 

VI. CONCLUSION 

This paper presents Hybrid H-Bridge multilevel 

converter. The proposed converter produces more voltage 

levels with less number of switches compared to H- bridge 
configuration. This will reduce number of gate drivers and 

protection circuits which in turn reduces the cost and 

complexity of the circuit. In this paper, the design procedure 

for single cell based on cost and losses optimization is 

carried out. The selection of a single cell is based on SSOA 

(safe operating Area) and Thermal Rating .The selection of 

capacitor and heat sink is also carried out. A SIMULINK 

based model is developed and Simulation results are 

presented. Finally PWM based output is shown. 
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