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better power quality with better utilization of inverter bridge 

voltage. 

 In the TCBBI and qZSI, current flow through body diodes of 

switches. Therefore, they usually use IGBTs as switching 

devices to avoid reverse recovery issues of MOSFET body 

diode. In the proposed inverter, current does not flow through 

body diodes of switches, therefore power MOSFETs can be 

used as switching devices to utilize its benefits (see Fig. 20). 

 In the proposed inverter, external diodes are used for current 

freewheeling. They can be selected with the features of 

negligible reverse recovery loss and low forward voltage 

drop to decrease the power loss and realize the use of higher 

switching frequency. 

 The proposed inverter allows bidirectional power flow 

without conducting body diodes of switches, and any short- 

or open-circuit problems. For unidirectional power flow, the 

boost dc-dc converter of the TCCBI and CDBBI can be 

designed with MOSFET and external fast recovery diode. 

For bidirectional power flow, to avoid the reverse recovery 

issues of MOSFET body diode, the boost dc-dc converter 

should be designed with IGBTs. Therefore, for hard 

switching and bidirectional power flow, the boost dc-dc 

converter of the TCBBI and CDBBI cannot benefit from high 

speed MOSFETs. 

 The ZSI has start-up inrush current problem [33], which can 

be solved with the qZSI. The TCBBI and CDBBI use boost 

dc-dc converter which has the start-up inrush current 

problem. The existence of uncontrollable range when the 

output voltage of boost dc-dc converter is below the peak 

value of the source voltage results in the start-up inrush 

current [34]. The proposed inverter takes the structure of the 

dual-buck inverter at the input side which is buck type, 

therefore it has no start-up inrush current problem. 

 The TCBBI has current shoot-through problem and needs 

dead-time. The proposed inverter, similar to the qZSI, does 

not suffer from the shoot-through or open-circuit problem. 

Therefore, it does not require dead time. The unidirectional 

CDBBI (see Fig. 6(a)) does not require dead time. However, 

for bidirectional power flow, the boost dc-dc converter has 

the risk of current shoot-through due to the use of active 

switches (see Fig. 6(b)). Thus, finite dead time is required 

between 5S  and 6S .  

B. Voltage and Current Stresses of Switching Devices 

From Table I, the switch voltage stresses normalized with 

ˆov  for buck and boost modes are plotted in Figs. 18(a) and (b), 

respectively. During the buck mode, only 1 4S S  are switched 

at high frequency in all inverters and the voltage stress of 

1 4S S  is equal to inV . Therefore, the voltage stress increases 

as voltage gain (G) decreases. On the other hand, the 5 8S S  in 

the proposed inverter have lower voltage stress than the 

switches in other three inverters because their voltage stress is 

only determined by ˆov  (see Fig. 18(a)).  

During the boost mode as shown in Fig. 18(b), 5 8S S  of 

the proposed inverter have the same voltage stress as that of all 

the switches in the TCBBI and CDBBI, and lower than that of 

switches in the qZSI. While the switches 1 4S S  in the 

proposed inverter have lower voltage stress than the switches in 

all other three inverters and the difference becomes significant 

with increase in gain G (as inV  becomes lower).  

During the buck operation, the current stress of switches in 

the proposed inverter is ˆ
oi , which is the same as those of 

1 4S S  in the TCCBI, CDBBI, and qZSI. In the boost 

operation, the current stress of switches in the proposed inverter 

is inI , which is the same as those of the switches in the boost 

dc-dc converter in the TCBBI and CDDBI while smaller than 

that of in the qZSI.  
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Fig. 18. Comparison of normalized switch voltage stresses of four inverters. (a) 
Buck mode. (b) Boost mode. 
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Fig. 19. Ratio of inductor current ripple of the proposed inverter to the current 

ripple of other inverters during boost mode.  
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TABLE I 

COMPARISON OF THE PROPOSED AND CONVENTIONAL BUCK-BOOST INVERTERS 

Parameters 
qZSI 

(Fig. 4) 

TCBBI 

( Fig. 2) 

CDBBI 

(Fig. 6) 

Proposed inverter 

(Fig. 8) 

Power conversion Quasi single-stage Two-stage Two-stage Quasi single-stage 

Relation between M and D M=1-DZSI independent independent independent 

Shoot-through risk 

(unidirectional power 

flow) 

no yes no no 

Reverse recovery issues of 
MOSFET body diode 

(unidirectional power 

flow) 

yes yes no no 

Independent selection of 

active switches and 

freewheeling diodes 
(unidirectional power 

flow) 

no no yes yes 

No. of switches 

(unidirectional power flow) 
4 ( 1 4S S ) 5 ( 1 5S S ) 5 ( 1 5S S ) 8 ( 1 8S S ) 

No. of switches 

(bidirectional power flow) 
5 ( 1 5S S ) 6 ( 1 6S S ) 6 ( 1 6S S ) 8 ( 1 8S S ) 

External fast recovery 

diodes (unidirectional 
power flow) 

              1 ( inD )     1 ( inD )   5 ( 1 4,inD D D )   8 ( 1 8D D ) 

  No. of inductors 3 ( 1 2, , fL L L ) 2 ( ,in fL L ) 5 ( 1 1, , ,in a bL L L 2 2,a bL L ) 4 ( 1 1 2 2, , ,a b a bL L L L ) 

No. of inductors 
conducting current at a 

time 

3 ( 1 2, , fL L L ) 2 ( ,in fL L ) 
3 ( 1 , 1,in a bL L L  or 

2 2, ,in a bL L L ) 
2 ( 1 , 1a bL L  or 2 , 2a bL L ) 

Energy storing or dc link 
capacitors 

2 ( 1 2,C C ) 2 ( inC , dcC ) 2 ( inC , dcC ) 1( inC ) 

Voltage gain 

ˆ( / )
o inG v V  1 2 zsi

M

D
 

1

M

D
 

1

M

D
 

1

M

D
 

Switch voltage stresses 

1 5

1 5

( )

(2 1)

ˆ(2 1)
( )o

S S in

S S in

in

V V Buck

V G V

G v
Boost

GV







 




 

 

1 6
ˆ

oS S inV GV v    

(Boost) 

1 6S S inV V   (Buck) 

1 6
ˆ

oS S inV GV v    (Boost) 

1 6S S inV V   (Buck) 

1 4S S inV V   

5 8
ˆ

oS SV v   

Switch current stresses 

1 4 5
ˆ ,S S o S inI i I I   (Buck) 

1 4 52 ,

(2 1)
(Boost )

S S in S

in

I I I

G I

G

 




 

5 6S S inI I  , 

1 4
ˆ

S S oI i   
5 6S S inI I  , 1 4

ˆ
S S oI i   

1 8
ˆ

S S oI i  (Buck) 

inI  (Boost) 

Capacitor voltage stresses 

1, 2C C inV V  (Buck) 

2 ( 1)C inV G V   

1C inV GV  (Boost) 

Cin inV V  

Cdc inV V  (Buck) 

Cdc inV GV  (Boost) 

Cin inV V  

Cdc inV V  (Buck) 

Cdc inV GV  (Boost) 

Cin inV V  

Inductor currents 
1, 2L L inI I  

ˆ
Lf oI i  

Lin inI I  

ˆ
Lf oI i  

Lin inI I  

1 2
ˆ

L a L b oI i   
1 2

ˆ
L a L b oI i   (Buck) 

1 2L a L b inI I   (Boost) 

Inductor current ripples 

1, 2

ˆ ( 1)

(2 1)

o

L L

v G
i T

G L






 

(Boost) 

ˆ

2

o

Lf

v
i T

ML
   (Buck) 

ˆ (2 1)

2

o

Lf

v G
i T

GL



  (Boost) 

Where, 1 2, , fL L L L  

2

ˆ ( 1)
o

Lin

v G
i T

G L



  

(Boost) 

ˆ

2

o

Lf

v
i T

ML
   

(Buck) 

ˆ

2

o

Lf

v
i T

L
   (Boost) 

Where, ,in fL L L  

2

ˆ ( 1)
o

Lin

v G
i T

G L



  (Boost) 

1 2

ˆ

2

o

L a L b

v
i T

ML
    (Buck) 

1 2

ˆ

2

o

L a L b

v
i T

L
    (Boost) 

  Where, inL L  , / 2xa xbL L L                      

 x=1, 2 

1 2

ˆ

2

o

L a L b

v
i T

ML
    (Buck) 

1 2

ˆ

2

o

L a L b

v
i T

GL
    (Boost) 

Where, , / 2xa xbL L L , 

x=1, 2 
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C. Inductor Requirement and Current Ripples 

    The number of inductors required is summarized in Table I. 

Compared with the fL  in the TCBBI, the two inductors 1aL  

and 1bL  (or 2aL  and 2bL ) in both the dual-buck inverter of the 

CDBBI and the proposed inverter are always in series. 

Therefore, the required inductance for 1aL  and 1bL  or ( 2aL  

and 2bL ) becomes / 2fL . Therefore, the magnetic volume of 

the proposed inverter and the TCCBI could be comparable, and 

the magnetic volume of the proposed inverter could be smaller 

that of the qZSI and CDBBI. 

    The inductor current ripples of filter inductors ( fL for the 

qZSI and TCBBI, 1 1a bL L  (or 2 2a bL L ) for the CDBBI and 

the proposed inverter) are given in Table 1. During the buck 

operation, the current ripples of filter inductors are the same for 

all inverters. Fig. 19 shows the ratios of the inductor current 

ripples of the proposed inverter to those of the qZSI, CDBBI, 

and TCBBI during the boost operation. It can be seen that the 

inductor current ripple of the proposed inverter is smaller than 

those of other three inverters for same value of inductance L, 

and the difference becomes significant as the voltage gain 

increases (as inV  becomes lower). 

 

D. Capacitor Requirement  

    The qZSI requires two energy storing capacitors 1C  and 2C

. The TCBBI and CDBBI require two capacitors, an input 

capacitor inC  and dcC . The dcC  can be designed to handle the 

low frequency current component and to filter the pulsating 

voltage of boost dc-dc converter. The proposed inverter does 

not require dcC . However, like the single-phase dual-buck and 

H-bridge inverters, the proposed inverter requires an input 

capacitor inC , which can be designed to handle the low 

frequency current component. If the low frequency current 

component is ignored, then the proposed inverter can be 

operated without dc link capacitors. 

The proposed inverter has one extra MOSFET or diode in 

the conduction loop, while the CDBBI and TCBBI have one 

extra inductor inL  in the conduction loop, and the qZSI has 

two extra inductors 1L  and 2L  in the conduction loop. In 

comparison with the conventional inverters, the proposed 

inverter allows bidirectional power flow without body diodes 

conducting and current shoot-through problem (see Fig. 20). 

 

VI. SIMULATION RESULTS 

The electrical specifications of the proposed inverter are 

listed in Table II. Simulation results of the proposed 

closed-loop standalone inverter are given in Fig. 21. Fig. 21 

shows the results for the worst case when inV  step up instantly 

from 185 V to 400 V at the peak of ov  or sv . To regulate ov  at 

311 V, magnitude of sv , M changes from 1 to 0.78, and cV  

changes from 0.4 to 0. At t= 0.2 s, inV  step down instantly from 

400 V to 185 V. To regulate ov  at the rated output voltage, M 

changes from 0.78 to 1, and cV  changes from 0 to 0.4. Fig. 21(b) 

shows the results for mode change at the zero crossing of ov  or 

sv . From the simulation results, it is found that by changing the 

operational mode no noticeable distortion occur in the output 

voltage. 

 
TABLE II. 

ELECTRICAL SPECIFICATIONS OF THE PROPOSED INVERTER 
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Fig. 20. Bidirectional power flow without body diode conducting. 

 

 
Fig. 21. Simulated dynamic response of the proposed inverter with step input 

change at the peak of ov (or sv ).  

Output voltage 220 Vrms/60 Hz 

Input voltage 185-400 Vdc 

Output power 1.1 kW 

Switching frequency 30 kHz 

MOSFETs ( 1 8S S ) 47N60CFD 

Diodes ( 1 8D D ) RURG3060 

Inductors ( 1 2a bL L ) 0.5 Hm  

Capacitors ( 1 2,C C ) 2.2 F  

Output capacitor ( oC ) 8 F  
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VII. EXPERIMENTAL RESULTS 

    A hardware prototype of the proposed inverter is 

fabricated and tested in standalone mode using open-loop 

control with the electrical specifications listed in Table II. 

Although the proposed inverter can be operated properly 

without PWM dead-time and the risk of shoot-through current, 

a small dead-time in the gate signals of 1 4S S  is used in the 

experiment to decrease the circulating current which occurs 

when the upper and lower switches are turned-on 

simultaneously. 

 

A. Resistive Load 

    Fig. 22 shows experimental waveforms of the proposed 

inverter with resistive load during the buck operation when  

D=0, M=0.78, 400inV V . Fig. 22(a) shows the waveforms of 

input voltage inV , output voltage ov , and inductor currents. 

Fig. 22(b) shows the waveforms of drain-source voltages of 

switches 1S , 2S , 5S  and 7S , respectively. Fig. 22(c) shows 

the expanded waveforms of Fig. 22(b).  

Fig. 23 shows the same waveforms of the proposed inverter 

in the boost mode when D=0.4, M=1, 185inV V . 

 
B. No Load Condition 

Fig. 24 shows the no load waveforms of inV , ov , 
1Li  and 

6DSv  during the boost mode with D=0.4, M=1, 185inV V . 
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Fig. 22. Experimental results with resistive load when M=0.78, D=0 and Vin 

=400 V. (a) Inductor currents, input and output voltages. (b) Drain-source 

voltages of switches. (c) Expanded waveforms of (b). 
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(c) 

Fig. 23. Experimental results with resistive load when M=1, D=0.4 and Vin 

=185 V. (a) Inductor currents, input and output voltages. (b) Drain-source 

voltages of switches. (c) Expanded waveforms of (b). 
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C.  Partially Inductive Load 

Fig. 25 shows the waveforms of inV , ov , 
1Li , 

6DSv  and 

output current oi  during the boost mode for partially inductive 

load ( 44LR   , 10L mH ).  

 

D. Dynamic Experimental Results 

    Fig. 26 shows the dynamic experimental results for instant 

mode change when 185inV V . Fig. 26(a) shows the results 

when mode changes from the boost (M=1, D=0.4, 1.1oP kW ) 

to buck (M=0.78, D=0, 200oP W ). Fig. 26(b) shows the 

expanded waveforms of Fig. 26(a) at the transition region. Fig. 

26(c) shows the waveforms for the worst case when mode 

6
[200 / div]DSv V

[200 / div]ov V

[200 / div]inV V

1
[10 / div]Li A

[10 sec/ div]m
 

Fig. 24. Experimental results for no load conditions: M=1, D=0.4 and Vin =185 
V. 
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Fig. 25. Experimental results with partially inductive load: M=1, D=0.4 and Vin 

=185 V. 
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(c) 

Fig. 26. Dynamic experimental results for step mode change when 185inV V

. (a) Boost to buck. (b) Expanded waveforms of (a) at the transition point. (c) 

Buck to boost at the peak of ov . 

TABLE III. PARAMETERS OF THE CONVENTIONAL INVERTERS 

Parameters TCBBI (Fig. 2) CDBBI (Fig. 6) qZSI (Fig. 4) 

Switching 

frequency 

Boost dc-dc 

converter 
25 kHz Boost dc-dc converter 25 kHz 

20 kHz 

H-bridge VSI 25 kHz Dual-buck inverter 30 kHz 

Inductors 
inL  1.5 mH inL  1.5 mH 1 2,L L  1 Hm  

fL  1.2 mH 1 2a bL L  0.5 mH fL  1.5 mH 

Switches 1 6S S  IGW40N60H3 
5 6S S  IGW40N60H3 

1 4S S  CM100TL_24NF 
1 4S S  47N60CFD 

Diodes - 1 4D D  RURG3060 inD  
IXYS DSEI 

2X61-12B 
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changes instantly from the buck (M=0.78, D=0, 200oP W ) to 

boost (M=1, D=0.4, 1.1oP kW ) at the peak of ov . The 

experimental results in Fig. 26 confirmed that similar to the 

simulation results in Fig. 21, the proposed inverter has no 

noticeable distortion when the mode is changed. 

 

E. Power Transfer Efficiency 

Table III shows the parameters of the conventional inverters 

for efficiency measurement. The TCBBI, qZSI, and boost dc-dc 

converter of the CDBBI are designed with IGBTs to avoid the 

reverse recovery issues and relevant loss of MOSFET body 

diode. The qZSI is operated at 20 kHz. The TCBBI and boost 

dc-dc converter of the CDBBI are operated at 25 kHz to keep 

the switching loss of IGBTs lower. The proposed inverter is 

designed with MOSFETs and is operated at 30 kHz. 

The efficiency is measured using Yokogawa WT1600 power 

meter. Fig. 27 shows the measured efficiency of the proposed 

inverter at the rated and varied output power. The maximum 

97.8 % and minimum 96.1 % efficiency are obtained for the 

proposed inverter.  

Fig. 28 shows the measured efficiencies of the four inverters 

mentioned in Table I. The efficiencies of the proposed inverter 

and the CDBBI are comparable and they are greater than the 

efficiencies of the TCBBI and qZSI. The efficiencies could be 

improved if the inverters are optimized properly. Fig. 29 shows 

prototype photo of the proposed inverter. 
 
 

5
[200 / div]DSv V

 
(a) 

 

0D 

Buck Region0.8

1

 
(b) 

Fig. 27. Measured efficiency of the proposed inverter. (a) Rated output power. 

(b) Varied output power. 

 

10

 
Fig. 28. Measured efficiencies of the buck-boost inverters. 
 

 

 
Fig. 29. Prototype photo. 

 

VIII. CONCLUSION 

In this paper, a highly reliable and high efficiency 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. To verify 

performance of the proposed inverter, a 1.1 kW laboratory 

prototype inverter is fabricated and experiments are performed 

for both buck and boost modes to obtain a 220 Vrms ac output 

voltage for wide range of input dc voltage (185 V-400 V) . The 

efficiency measurement shows that the proposed inverter can 

obtain maximum efficiency of 97.8 % and minimum efficiency 

of 96. 1 % at 30 kHz frequency with simple PWM control.  
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