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Abstract: A structure of Hybrid Boost Converter (HBC) 

is designed and developed for mitigating power quality 

issues like harmonics, voltage stress and power spectral 

density at the multiples of switching frequency. It 

consists of the boost converter, snubber modules and H-

bridge inverter configuration. Compared with 

conventional Boost Two-Level Inverter (BTLI), the 

proposed system employs the reduction in voltage stress, 

power quality issues and inverter end filter components.  

To obtain better quality of AC power output, Multi 

Carrier Sinusoidal Pulse Width Modulation (MCSPWM) 

technique is developed for HBC. To mitigate power 

quality issues, optimized firing pulses are generated 

using MCSPWM algorithm and the equivalent 

embedded C coding is fetched into micro controller. 

Individual voltage and current harmonics have been 

analyzed for various load conditions. A simulation and 

prototype model of the proposed HBC is developed and 

the system performance is validated.  

Keywords: Hybrid converter; snubber modules; H-

bridge inverter; multi carrier sinusoidal pulse width 

modulation. 

 

1.   Introduction 

In recent years, power electronics have been one of 

the most active areas in research and development. 

Different configurations of power converters have 

been designed to interface the renewable resources 

for domestic and industrial power applications.           

Traditional power electronic inverters are Voltage 

Source Inverter (VSI) and current Source Inverter 

(CSI).  The peak DC link voltage in two-level and 

three-level inverter is 1.5 times higher than nominal 

voltage. Hence, the inverter switches are forced 

commutated. Soft switching techniques have been 

developed to reduce voltage stress and switching 

loss (1). In addition to this, to reduce voltage stress 

Multilevel Inverter (MLI) configurations are also 

considered as a new breed of power converter 

options for high power applications (2)-(6). The 

efficiency and the handling of MLI systems are 

degraded because of more number of controlled 

power switches and DC sources. To reduce the 

switch count, source count and driver circuit 

utilization, certain modifications can be made in the 

two-level inverter and CMLI. To obtain the nominal 

output voltage in conventional VSI system, DC to 

DC converter or a magnetic component like 

transformer is proposed in between the DC sources 

and inverter circuits.  

To obtain quality of power output, power 

electronics engineers have paid great attention to 

Stepped DC Link Inverter (SDCLI) as a new kind of 

power converter. SDCLI are emerging as the new 

strain of power converter options for high power 

applications. SDCLI can provide an efficient 

alternative to high power applications, providing a 

high quality output voltage, increasing the efficiency 

and robustness, and reducing the electromagnetic 

interference. SDCLI is not only used for achieving 

higher power rating but also enables the use of 

renewable energy sources such as PV, wind and fuel 

cells. The DC input voltage is boosted to the 

nominal voltage level by the boost chopper network 

(7)-(10). This results in reduction of magnetic 

component like transformer, number of DC sources 

and power switches. 

The novelty of the proposed work is to encourage 

SDCLI instead of conventional inverter systems, 

thereby reducing the voltage stress, harmonics, 

switching loss and filter components. The significant 

features of the hybrid converters are reviewed in 

several literature papers (11)-(23).  



To obtain better quality of AC power (with 

reduced harmonic content), MCSPWM switching 

strategy is developed for converter switching (24)-

(30). This paper is organized as six sections are as 

follows; Introduction of the converters is reviewed 

in Section 1. Structure of HBC system is addressed 

in Section 2. MCSPWM switching technique is 

reviewed in Section 3. Performance of BTLI and 

proposed HBC are addressed in Section 4. 

Comparative analysis on BTL and HBC is described 

in Section 5. Section 6 concludes the paper.   

 

2.   Hybrid boost converter 

The proposed structure consists of two asymmetrical 

DC voltage sources. The output voltage of each 

snubber module is always unidirectional. An H-

bridge inverter is added parallel to the output of 

series connected snubber systems. H-bridge switches 

S1 and S2 are switched ON for obtaining the positive 

half cycle, S3 and S4 switches are turned ON for 

obtaining the negative half cycle of AC output 

voltage. Each snubber module consists of two power 

semiconductor switches. The equivalent structure of 

HBC is shown in  Fig. 1. 
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Fig. 1.  Equivalent circuit of HBC 

Number of levels of HBC configuration can be 

expressed as;  

1)1(2  Sm
level

N   (1) 

Number of switches of HBC can be expressed as; 

nms
Switch

N  42   (2) 

Where,  

m - number of H-bridge inverter 

s - number of DC source 

n - number of boost chopper unit  

 

To obtain AC output from two DC sources, the 

proposed system can be operated for 6 modes of 

operation.  

Mode 1and 4 operation 

In mode 1and 4 operation, the source voltage Vdc1 is 

boosted to Vob1 by activating the boost chopper 

switch (Sa). The positive and negative cycles AC 

output voltage is synthesized by activating the 

snubber switches S6 and S7 and H-bridge switches S1 

and S2, S3 and S4 respectively.  

Mode 2 and 5 operation 

In mode 2 and 5 operation, the source voltage Vdc2 is 

boosted to Vob2 by activating the boost chopper 

switch (Sb). The positive and negative cycles AC 

output voltage is synthesized by activating the 

snubber switches S5 and S8, and H-bridge switches S1 

and S2, S3 and S4 respectively.  

Mode 3 and 6 operation 

In mode 3 and 6 operation, the source voltage Vdc1 

and Vdc2 is boosted to Vob1 +Vob2 by activating the 

boost chopper switches (Sa and Sb). The positive and 

negative cycles AC output voltage is synthesized by 

activating the DC link switches S6 and S8, and H-

bridge switches S1 and S2, S3 and S4 respectively.   

At Mode 1 and 4 operations, the input voltage of H-

bridge inverter can be expressed as follows; 
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At Mode 2 and 5 operations, the input voltage of H-

bridge inverter can be expressed as follows; 
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At Mode 3 and 6 operations, the input voltage of H-

bridge inverter can be expressed as follows; 
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Change in inductor currents can be expressed as 

follows; 
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Design of L1 and L2 can be expressed as; 
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The voltage across the snubber module can be 

expressed as; 

0201
VV

dclink
V     (10) 

The voltage stress across the inverter switches can 

be expressed as; 

mindclink
V

Stress
V    (11) 

Where, 

 Vo1 is the output voltage of boost chopper I 

Vo2 is the output voltage of boost chopper II 

3.   Multi Carrier Sinusoidal Pulse Width 

Modulation Switching Technique 

The MCSPWM switching pattern is developed to 

trigger the HBC switches. For developing the firing 

pulses, triangular signal acts as a carrier signal and 

sinusoidal signal acts a reference signal as shown in 

Fig. 2.   

Each triangle signal is compared with the reference 

signal, when the magnitude of reference signal (Vref) 

is greater than triangle signals (Vtri1,Vtri2 and Vtri3) 

the pulses P1, P2 and P3 are generated can be 

expressed as follows; 

1triref1 VVP     (12) 

22 triref VVP     (13) 

33 triref VVP     (14) 

 

The total PWM switching time period of the 

snubber switches of S5, S7 and S6, S8 are 2.4 ms and 

7.6 ms respectively. The switching frequency of 

snubber switches of S5, S7, S6 and S8 are 9 kHz, 7.14 

kHz, 7.14 kHz and 8.33 kHz respectively. The 

switching states of HBC system is summarized in 

Table 1.   
Table 1.  Switching States of HBC 

 

4.   Performance Evaluation of BTLI and 

Proposed HBC Systems  

4.1.   Single Phase Boost Two-Level Inverter 

System 

 

Fig. 3. Simulation model of BTLI System  

 

The simulation model of BTLI system is shown 

in Fig. 3. The entire circuit is simulated using 

SIMULINK tools and its performance has been 

investigated. Fig. 4 shows the simulated output 

voltage of BTLI system.  

 

Fig. 4.  Inverter Output Voltage of BTLI System  
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Fig. 5. Output Voltage Power Spectral Density of BTLI 

fed Drive Load 

The power spectral density for the output voltage 

of BTLI fed drive load system is shown in Fig. 5. 

The switching frequency of two-level inverter is 2 

kHz. At 2 kHz, the power spectral density for the 

output voltage of BTLI fed drive load is 28 dB/Hz. 

Similarly, at 4 kHz, the power spectral density for 

the output voltage of BTLI fed drive load is 24 

dB/Hz. From the PSD analysis, it is understood that 

the density of power is maximum at the multiples of 

switching frequency which leads to more switching 

loss. Also, the analysis clearly elucidate that the two-

level inverter system has high switching stress.  

Mathematical coding for measuring power spectral 

density is as follows:  

 

signal=vlisn.signals.values; 

N=length(signal); 

Fs=2e3; // Switching frequency  

T=1/Fs; // Total time period  

t=(0:N-1)*T; // On time period 

NFFT=2^nextpow2(N); // Spectrum length 

Y=fft(signal,NFFT)/N;  

f=Fs/2*linspace(0,1,NFFT/2+2); 

plot(f,2*abs(Y(1:NFFT/2+2)))  // 

Z=Y(1:NFFT/2+3); 

Z1=20*log10(Z/1e-6); 

plot(f,Z1(1:NFFT/2+3)) 

%plot(f,Y (1:NFFT/2+1)) 

title('Single Sided Amplitude Spectrum of vlisn') 

xlabel('Frequency in Hz') 

ylabel('|Signal(f)|') 
  

Voltage harmonics at the multiples of switching 

frequency has been examined using FFT algorithm. 

The voltage harmonics at the switching frequency of 

BTLI fed drive load systems are shown in Fig. 6.  At 

2 kHz, the magnitude of voltage harmonics of BTLI 

fed drive load is 72 V. Similarly, at 4 kHz, the 

magnitude of voltage harmonics of BTLI fed drive 

load is 42 V. From the harmonic analysis, it is 

understood that the BTLI has high power loss at the 

multiples of switching frequency.   
 

 
Fig. 6. Voltage Harmonics at the Switching Frequency of 

BTLI fed Drive Load  
 

Fig. 7 shows the experimented output voltage of 

BTLI fed drive system. The obtained result has the 

voltage magnitude and frequency of 240 V, 50 Hz 

respectively.  The power spectral density for the 

experimented output voltage of BTLI fed drive load 

system is shown in Fig. 8. At 2 kHz, the power 

spectral density for the output voltage of BTLI fed 

drive load is 36 dB/Hz, Similarly, at 4 kHz, the 

power spectral density for the output voltage of 

BTLI fed drive load is 28 dB/Hz.   

 

 
 

Fig. 7.  Experimented Inverter Output Voltage of BTLI 

fed Drive Load 
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Fig. 8. Experimented Output Voltage Power Spectral 

Density of BTLI fed Drive Load 

 

4.2.   Single Phase Boost Hybrid Converter 

System- Simulation Model and Analysis  

 

The simulation model of HBC fed AC load 

system is shown in Fig. 9. The entire circuit is 

simulated using SIMULINK tools and their 

performance is evaluated. Two asymmetrical DC 

sources (38 V and 76 V) are connected with boost 

chopper unit I and 

boost chopper unit II. The output of boost 

chopper units (110 V and 215 V) are connected with 

respective DC link modules. The outputs of DC link 

modules are synchronized with H-bridge inverter 

system. The output voltage and load current of HBC 

fed drive load system is shown in Fig. 10 and Fig. 11 

respectively.        

 

 
Fig. 9.   Simulation model of HBC fed AC load system 

 

 
Fig. 10.  Inverter Output Voltage of BCDCLHBI fed 

Drive Load System 

 

 
 

Fig. 11.  Load Current of HBC 

 

  
Fig. 12.   Power Spectral Density of Output Voltage of 

HBC fed Drive Load  
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Table 2.  PSD analysis of BTLI system 
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Converter 

System 

Switching 

Frequency 

(kHz) 

Power 

Density 

(dB/Hz) 

 

Boost Hybrid 

Converter  

10 18 

20 8 

30 4 

Table 3.  PSD analysis of HBC system  

The power spectral density for output voltage of 

HBC fed drive load system is shown in Fig. 12 . The 

switching frequency of proposed HBC is 10 kHz. At 

10 kHz, the power spectral density for the output 

voltage of HBC fed drive load is 18 dB/Hz. 

Similarly, at 20 kHz, the power spectral density is 8 

dB/Hz. From the PSD analysis, it is understood that 

the density of power at the multiples of switching 

frequency in the HBC system gets reduced 

compared to BTLI system. Also, the analysis clearly 

elucidate that the HBC system has reduced 

switching stress compared to BTLI system. The PSD 

analysis of BTLI and HBC systems are tabulated in 

Table 2 and Table 3 respectively.  

 

 
Fig. 13.   Multiples of Switching Harmonics of Output 

Voltage of HBC  

 

The voltage harmonics at the multiples of switching 

frequency of HBC is shown in    Fig. 13. At 10 kHz, 

the magnitude of voltage harmonics of HBC drive 

load is 23 V. Similarly, at 20 kHz, the magnitude of 

voltage harmonics is 8 V. From the harmonic 

analysis, it is understood that the proposed converter 

has reduced power loss, harmonics and reduced 

switching stress at the multiples of switching 

frequency. The individual harmonics analysis of 

output voltage and load current of the proposed 

converter is shown in Fig. 14 and Fig. 15 

respectively.   

 

 
 Fig. 14.   Individual Harmonics of HBC fed Drive Load 

 
            Fig. 15.   Individual Current Harmonics of HBC 

fed Drive Load 

4.3.   Single Phase Boost Hybrid Converter 

System- Experimental Model  

The prototype model of HBC consists of power 

supply unit, controller unit, driver unit and converter 

unit. The microcontroller unit provides the control 

signals to the MOSFET driver circuit. The snubber 

module and H-bridge inverter systems are designed 

using IRF840 power MOSFET. The floating channel 

can be used to drive an N-channel enhancement type 

power MOSFET in the high side configuration 

which operates up to 500 or 600 V. In the prototype 

model, MCSPWM based seven-level staircase AC 

output voltage is synthesized. The equivalent circuit 

of HBC system is shown in Fig. 16. Driver unit 

consists of ICL7667 integrated circuits and its 

biasing components. For isolating the low voltage 

operated control circuit from the high power circuit 

an opto-coupler is used. Isolation process is achieved 

by 6N135 integrated circuits. 
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Fig. 16.   Hardware Circuit of Hybrid Boost Converter  

4.4.   Single Phase Boost Hybrid Converter 

System- Soft Switching Capability  

The voltage across the H-bridge inverter switches 

are shown in Fig. 17 and Fig. 18. From the obtained 

waveforms, it is understood that the H-bridge 

inverter switches are getting triggered at every zero 

crossing points of DC link voltage. Hence, the 

voltage stress across the H-bridge inverter switches 

is getting reduced. Fig. 19 shows the output voltage 

of HBC system. Harmonic analysis also made for 

the output voltage and load current of the proposed 

HBC using ALM make ALM 10 PQ analyzer. 

 

 

Fig. 17.   Soft Switched Output Voltage of Inverter 

Switch S3 and S4  

 

 
 

Fig. 18.   Soft Switched Output Voltage of Inverter 

Switch S1 and S2  

 

 

Fig. 19. Output Voltage of HBC   

The power spectral density of the experimented 

output voltage of HBC fed drive load system is 

shown in Fig. 20. At 20 kHz, the power spectral 

density for the output voltage of BTLI fed drive load 

is 15 dB/Hz. Similarly, at 20 kHz, the power spectral 

density for the output voltage of BTLI fed drive load 

is 5 dB/Hz. From the spectrum, it is inferred that the 

proposed system has reduced lower order harmonics. 

The experimental output voltage THD spectrum of 

the proposed system is also shown in Fig. 21.  From 

the spectrum, it is clearly observed that the output 

voltage THD is 9.7%. The simulated results are 

validated with the experimented results. The 

proposed system is recommended for solar powered 

UPS system. From the harmonics analysis it is 

inferred that magnitude of lower order harmonics are 

low and hence the inverter end filter component is 

eliminated in the proposed HBC system. This adds 

one of the remarkable advantages of the proposed 

converter.    

 

Design Procedure  

ΔIL1 = (Vdcl* K1)/ fs*L1 (Based on Vdc1) 

                                 = (36*0.67)/ 10*103*2e-3 

                                  = 1.2 A 

 

ΔIL1 = (Vdcl* K1)/ fs*L1 (Based on Vdc2) 

                                 = (76*0.67)/ 10*103*2e-3 

                                  = 1.2 A 

Design of Inductor L1  
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Fig. 20. Experimented Output Voltage Power Spectral 

Density of HBC  

 

 
Fig. 21. Output Voltage THD Spectrum of HBC 

 

5. Comparative Analysis  

Performance analysis is made between BTL and 

HBC with respect to the parameters such as; 

individual harmonics, Total Harmonic Distortion 

(THD), PSD, soft switching operating area, voltage 

stress and inverter end filter requirements. From the 

analysis, it is inferred that the proposed HBC has 

reduced switching loss of 42.26 % and has wide soft 

switching area with reduced voltage stress, inverter 

end filter components.  

 

6.   Conclusion 

Certain power quality investigations such as 

harmonics analysis, PSD analysis and THD analysis 

were conducted on both BTL and HBC and it is 

inferred that the proposed HBC systems shows 

remarkable output results. Simulation and prototype 

models of HBC systems have been implemented and 

various parameters are analyzed. Soft switching 

nature, minimized PSD at the multiples of switching 

frequency, reduced voltage and current THD 

conclude that the proposed converter is considered 

as appropriate power converters for single phase 

solar powered UPS systems. 
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