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ABSTRACT 
This paper proposes a novel high efficiency quasi single-stage single-phase buck-boost inverter. 

The proposed inverter can solve current shoot-through problem and eliminate PWM dead-time, which 

leads to greatly enhanced system reliability. It allows bidirectional power flow and can use MOSFET as 

switching device without body diode conducting. The reverse recovery issues and related loss of the 

MOSFET body diode can be eliminated. Also, the proposed inverter can be operated with simple PWM 

control and can be designed at higher switching frequency to reduce the volume of passive components. 
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INTRODUCTION  

For dc to ac power conversion, there are two converters: voltage source inverter (VSI) and current source 

inverter (CSI)[1-3] [5]. The VSI has only buck (or step-down) function and is vulnerable to shoot-through 

(or arm short) problem caused by electromagnetic interference (EMI) noise. Similarly, the CSI has only 

boost (step-up) function and is vulnerable to open-circuit (or arm open) problem caused by EMI. In order 

to avoid the shoot-through problem, a finite dead-time in gate signals is required for the VSI. Likewise, a 

finite overlap-time is required for the CSI to prevent the open-circuit problem. The dead-time or overlap-

time causes output waveform distortion. Output voltages of renewable energy sources change in a wide 

range. To regulate an inverter output voltage in systems having wide input dc voltage variation, a buck-

boost power conditioning system is preferred. 

Inverter: Which converts the DC voltage into AC voltage .There are two types .They are  

 1. Voltage source inverter (VSI). 

 2.. Current source inverter (CSI). 

 Voltage source inverter (VSI): in many industrial application, to control the output voltage of inverters is 

often necessary to cope with the variations of dc input voltage, to regulate voltage of inverters and to 

satisfy the constant volts and frequency control requirement. There are various techniques to vary the 

inverter gain. The efficient method of controlling the gain is to incorporate PWM control within the 

inverter.  In the voltage source inverter (VSI) the input voltage is maintained constant and output voltage 

not dependent on the load. VSI requires feedback diodes and the control circuit is complicated. Current 

source inverter (CSI): The input behaves as a current source. The output current is maintained constant 

irrespective of load on the inverter and the output voltage is forced to change. Buck-Boost converter: A 

Buck Boost converter can be obtained by the cascade connection of the two basics converters the step- 

down converter and step- up converter. This allows the output voltage to be higher or lower than the input 

voltage, based on the duty ratio D. The cascade connection of the step-down and step-up converters can be 

combined into the single Buck-Boost converter. 
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I. CIRCUIT DIAGRAM 

                                       
                                      Fig.1. Proposed Buck-Boost inverter. 
Fig. 1 shows the circuit topology of the proposed quasi single-stage BBI. It is a combination of the dual-

buck and switching cell (SC) structures. The dc input of the proposed inverter takes the dual-buck 

structure and the ac output takes the SC ac-ac structure. Similar to the qzsi and the dual-buck inverter, the 

proposed inverter is very resistant to EMI noise’s. The proposed inverter can be designed with MOSFET, 

therefore, high frequency and high efficiency operation can be realized. As shown in Fig. 1, each 

switching device is connected in series with an external diode, therefore no shoot-through current is 

possible in the proposed inverter. The inductors La1, L1b, L2a, L2b split the phase legs and serve as buck, 

boost and current limiting inductors. The two capacitors C1 and C2 in the output are added to provide a 

safe path for inductor currents when dead-time occurs in the gate signals. They also serve as both output 

filter capacitor and lossless snubbers reducing the voltage spikes caused by the stray inductances in the 

circuit layout. 

A. Buck Operation 

 PWM strategy during the buck operation is depicted Fig. 3 The switches S6 ,S7 are always OFF and S5, 

S8 are ON, that is, D=0. The diodes D6, D7 are reverse biased and D5, D8 are forward biased. The 

equivalent circuit during the buck operation is shown in Fig.2. During the buck operation, the proposed 

inverter reduces to the dual-buck inverter with only one extra MOSFET and diode conducting the main 

current at a time. The inductor L1a and L1b conduct the main current during the positive half-cycle of 

output current with the direction shown in Fig. 4 , and L2a and L2b conduct current during the negative 

half-cycle of output current. During the buck operation, the proposed inverter has two consecutive modes 

as discussed below.  In the following mode analysis, all the inductors are assumed to have an equal 

inductance, L\2. Fig.3 shows the operation when the output current is positive and the same analysis can 

be made for the negative half-cycle of current.  

                                         
                          Fig.2.Equivalent circuit of the proposed inverter during Buck operation  
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                                            Fig.3. PWM strategy during buck operation. 

                                                   

                                                            
                              Fig.4 buck operation of the proposed inverter, (a)Mode1 (b)Mode2  . 

Mode1 

As shown in Fig.4 (a), the switches S1,S3 are turned-on and S2,S4 are turned-off, thus the diodes D2, D4  

are reverse biased. The current relation is given as follows: 
𝑑𝑖𝐿1

𝑑𝑡
=

(𝑉𝑖𝑛−𝑉0)

𝐿
            (1) 

Mode2 

As shown in Fig. 4(b), the switches  S1, S3 are OFF and S2, S4 are ON, and the diodes D2, D4  are 

forward biased due to freewheeling action. The current relation is given as follows 
𝑑𝑖𝐿1

𝑑𝑡
=

−𝑉𝑖𝑛−𝑣0

𝐿
               (2) 
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Fig.5 PWM strategy during boost operation. (a)Vin>v0 (or VC>vs). (b) Vin<v0 (or Vc<vs). 

 

B.Boost operation 

During the Boost operation, M is set to 1, and D is varied to regulate v0. The switching states are shown in 

Fig. 5. In Fig. 5  𝑉𝑐 is defined as (1-Vc) and it is the dc control signal that determines the duty cycle of 

switches S5, S8 that is, (1-D). Fig. 5(a) shows the switching signals when Vc>vs (or when the 

instantaneous output voltage is lower than Vin). Fig 5(b) shows the switching signals for vs>Vc. In this 

paper, the voltages before and after inductors are designated as dc-bridge and ac-bridge voltages, 

respectively. The dc-bridge voltage is varied between 0 and v0. The inductors 9L1a and L1b), and (L2a 

and L2b) are in series, therefore the voltage across L1aor L1b becomes Vin/2, -Vin/2, (Vin-vo)/2, and (-

Vin-vo)/2. Similarly, during the negative half cycle , the voltage across L2a or L2b become Vin/2, -Vin/2, 

(-Vin+v0)/2. Modes 1-4 for Vin>v0 are shown in Fig. 5(a), and modes 5-8 for Vin<vo are shown in Fib 

.5(b)       

Mode1&5: These modes are the same as mode 1 of the buck operation shown in Fig 6(a).  

                                                
                                      Fig. 6(a) Boost operation of the proposed inverter. Mode 1&5. 
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2) Mode 2&4 These modes are the same as mode 2 of the buck operation shown in Fig. 6(b).   

                                        
Fig. 6(b) Boost operation of the proposed inverter.Mode2&4 

3) Mode 3&7 In mode 3 and 7, as shown in Fig. 7(a), the switches S1, S3, S5, and S8 are OFF and the 

switches S2, S4, S6, and  S7 are ON. The inductor current decreases with a slope as: 
𝑑𝑖𝐿1

𝑑𝑡
= −

𝑉𝑖𝑛

𝐿
            (3) 

 

                             
Fig. 7(a) Boost operation of the proposed inverter. Mode3&7. 

 

4) Mode 6&8 In mode 6 and 8, as shown in Fig. 7(b), the switches S1,  S3, S6 , and S7 are ON, and S2, 

S4, S5, and S8 are OFF. The inductor current rises with a slope as. 

                                          
 𝑑𝑖𝐿1

𝑑𝑡
=

𝑉𝑖𝑛

𝐿
               (4) 
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                    Fig. 7(b) Boost operation of the proposed inverter. (b) Mode6&8. 

 

                               RESULTS ANALYSIS 

 
                                                       Fig 9: Simulation circuit. 
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                                                         Fig9:  INPUT is (Vin=250) BOOST OUTPUT 

 

                                                 
                                                

                                               Fig10:  INPUT is (Vin=250) BUCK OUTPUT 

 

     CONCLUSION  

In this paper, a highly reliable and  efficient quasi single-stage single-phase bidirectional buck-

boost inverter is proposed. The proposed inverter takes the dual-buck structure at the input dc side and 

the switching cell structure at the ac output side. It is immune from both short-circuit and open-circuit 

problems. Therefore, PWM dead-times can be eliminated in the proposed inverter, which results in high 

quality output voltage waveforms. Moreover, it utilizes high speed power MOSFETs along with 

externally selected fast recovery diodes, which decrease the switching and conduction losses. Thus, 

    high frequency and high efficiency operation is realized. The operation principle and circuit analysis of              

the proposed topology are presented in detail. 
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