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Abstract 
 
In this paper, a new topology of Z-source converter based on 
tapped inductor is proposed. The proposed converter has 
two buck-boost and boost operating zones. Voltage boost 
factor of the proposed topology is adjusted by changing the 
turns ratio of the inductors. In the proposed converter, the 
shoot-through switching state and the front-end diode of the 
impedance network are eliminated. Other advantages of the 
proposed topology are buck and boost capability and 
elimination of the output filter. This topology can be utilized 
in dc-dc, ac-dc, dc-ac, and ac-ac conversions. In this paper, 
the operating principles of the proposed structure in dc-dc 
conversion are given in details. In order to reconfirm the 
results of the mathematical calculations, the simulation 
results are presented. 
 
Keywords—Z-H buck-boost converter, Tapped inductor, Z-
source converter. 
 

1. Introduction 
 

The conventional voltage source inverter, irrespective of its 
simple topology and control, has some disadvantages like unable 
to boost voltage and unprotected against shoot-through (ST) 
switching state. In order to overcome these disadvantages, in 
some applications, two-stage converter is utilized, in which, a 
dc-dc converter is used to increase the voltage gain before the 
inverter. Another solution is the use of Z-source inverter, which 
due to having ST switching state and being able to increase 
(decrease) voltage in one stage, has a great deal of applications. 
The conventional Z-source inverter [1] includes an X-shaped 
passive network, which has two ST and non-ST operating 
modes. 

In comparison with the conventional voltage source inverter, 
the Z-source inverter, due to having ST state can increase or 
decrease the input voltage [2-3]. Besides, the Z-source inverter 
has good resistance against noise and electromagnetic 
interferences. These features make the Z-source inverter 
appropriate for different applications such as renewable energies 
[4, 5], adjustable speed drives [6], uninterruptible power 
supplies (UPS) [7], and etc. It should be mentioned that the 
front-end diode in Z-source structure makes some problems 
such as inappropriate operation in non-ST switching state (due 
to discrete nature of current) and not having ability of reverse 
current flow. Therefore, application of Z-source inverter is 
confined to some cases where there is no need to reverse flow of 
energy [1, 8]. Another kind of converters based on Z-source 
network have been presented in [9, 10], which can be used in 
dc-dc, ac-dc, dc-ac, and ac-ac conversions. These converters, 

irrespective of ST-state’s elimination, can increase or decrease 
the input voltage. 

Conventional dc-dc boost converters dc-dc boost converters 
have low gains. So, a new converter with higher voltage gain is 
needed where the higher boost factor is required. In recent years, 
different structures have been presented to increase the voltage 
boost factor of power electronic converters [11, 12], where the 
main solution is to add new diodes, capacitors and inductors, 
which is not economical. 

In [13-17], cells of tapped inductor, coupled inductor or 
transformer have been utilized to increase the voltage gain of the 
coverters. In [16, 17], a coupled transformer and a capacitor in 
impedance network have been utilized to form a structure, 
which is called Trans-Z-source inverter. Trans-Z-source inverter 
has higher voltage gain than the conventional Z-source inverter, 
in which by changing the turns ratio of the transformer’s 
inductors, appropriate voltage gain is obtained. 

In this paper, a new topology of Z-H buck-boost inverter 
with tapped inductor is proposed, where by changing the turns 
ratio of the inductor, the voltage gain is controlled. Like the 
conventional Z-source inverter, there is no need for additional 
dc-dc converter and unlike it the ST switching state and the 
front-end diode are eliminated. One of the main features of the 
proposed structure is that with no change in its structure, it can 
be utilized in dc-dc, ac-dc, dc-ac, and ac-ac applications. Also, 
presence of mirrored tapped inductor makes it possible for the 
Z-H converter to be used for ac-ac applications. In some 
applications, where the higher voltage gain is required, the 
conventional Z-H buck-boost converter may be inappropriate, so 
the proposed buck-boost Z-H converter with tapped inductor of 
turn ratio as 2 1TL N Nγ =  can be utilized. 

In this paper, firstly, the operating principles of the proposed 
converter in dc-dc conversion are presented. Then, the voltage 
and current equations of the elements of the converter are 
obtained. Finally, in order to reconfirm the operation accuracy 
of the proposed converter, the simulation results are given by 
PSCAD/EMTDC software. 
 

2. Proposed converter 
 
The power circuit of the proposed converter is given in Fig. 

1. It contains two tapped inductor cells and four bidirectional 
switches. The components of the first cell are 11L  , 12L  , 1D  

and 3D  and of the second cell are 21L  , 22L  , 2D  and 4D . In 

this structure, combination of two tapped inductor cells and two 
capacitors transfers energy from dc input to output dc bus. The 
voltages across diodes are higher than the switched inductor 
structure. In order to decrease the voltage stress, the values of 
inductors ( 11 12 21 22 TL L L L L+ = + = ) and capacitors 



( 1 2C C C= = ) are assumed to be equal. Also, it is aaumed that 

11 21L L=  and 12 22L L= . For tapped inductor cells, the turns 

ratio are considered as 2 1TL N Nγ =  where 1N  is the number  

of turns of inductors 11L  and 21L  and 2N  is the number of 

turns of the inductors 12L  and 22L . The following assumptions 

are also considered: 
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In ideal condition, the mutual inductance in each tapped 

inductor cell is defined as follows: 
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where K is coupling factor and is assumed to be equal to one 

(in ideal condition). 
 

 
 

Fig. 1. Poroposed converter 
 

To simplify the analyses, all components of the converter are 
considered ideal. There are two operating zones for the proposed 
converter as [0,1 / 2)TLD γ= +  and (1 / 2,1]TLD γ= + , where in 

the first operating zone, the converter operates as a buck-boost 
conveter and in the second operating zone, the converter 
operates as a boost converter. In order to control on and off 
states of the switches, a triangular carrier signal ( cA ) is 

compared to a reference signal ( rA ). Considering Fig. 2(a), in 

the first operating zone, [0,1 / 2)TLD γ= + , when cA  is higher 

than rA , the switches 1S  and 4S  are turned on, and when cA  

is lower than rA , the switches 2S  and 3S  are turned on. In this 

mode, the converter operates as a buck-boost converter. Also, 
considering Fig. 2(b), in the second operating zone, 

(1 / 2,1]TLD γ= + , with the same control signals, the proposed 

conveter operates as a boost converter. When the switches 1S  

and 4S  are turned on, the switches 2S  and 3S  are turned off 

simultaneously, and vice versa. Duty cycle of the switches 2S  

and 3S  is D  and is defined as 0D T T= , where 0T  is the 

time interval that these switches are on over a switching period 
of T . 

 

    
(a)                                          (b) 

 

Fig. 2. Control signals; (a) [0,1 / 2)TLD γ= + ; (b) 

(1 / 2,1]TLD γ= +  

 
2.1. First Operating Mode (Time Interval 0T ) 
 

In this operating mode, the switches 2S  and 3S  and the 

diodes 1D  and 2D  are on and the switches 1S  and 4S  and the 

diodes 3D  and 4D  are off. Equivalent circuit of this mode is 

illustrated in Fig. 3(a). Assuming that the values of the inductors 

11L  and 21L  are equal, and the capacitors 1C  and 2C  have 

equal values ( 1 2C C C= = ), the following equations can be 

obtained: 
 

CCC VVV == 21                                                                        (4) 

LLL vvv == 2111                                                                        (5) 

1 2D D Dv v v= =                                                                        (6) 

3 4D D Dv v v ′= =                                                                       (7) 

where, CV , Lv , Dv  and Dv ′  are the voltages across the 

capacitors 1C  and 2C , the inductors 11L  and 21L , the diodes 

1D  and 2D  and the diodes 3D  and 4D , respectively. 
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Fig. 3. Equivalent circuits; (a) time interval 0T ; (b) time interval 

1T  

 
2.2. Second Operating Mode (Time Interval 1T ) 
 

Fig. 3(b) shows the equivalent circuit of the converter in the 
second operating mode. In this operating mode, the switches 1S  



and 4S  and the diodes 3D  and 4D  are on and the switches 2S  

and 3S  and the diodes 1D  and 2D  are off. So, in the upper 

tapped inductor cell, the inductors 11L  and 12L  and in the lower 

tapped inductor cell, the inductors 21L  and 22L  will be in series.  

 
2.3. Voltage Gain Calculation 
 

The average of voltage across capacitors ( CV ) and the 

average output voltage ( oV ) in both the operating zones, 

considering 0 1T T T= + , can be obtained as: 
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Considering (9), the buck-boost factor of the converter can be 
defined as: 
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According to the above equation, in the first operating zone, 

[0,1 / 2)TLD γ= + , the voltage gain has the values of 0 1B≤ ≤  

(buck operation) and 1 ~B≤ ≤ +∞  (boost operation), and in the 
second operating zone, (1 / 2,1]TLD γ= + , the voltage gain has 

just the values of ~ 1B−∞ < ≤ −  (boost operation). 
Considering (1)-(10), the voltage gain and the proportion of 

the voltage stress across capacitors to the input voltage with 
respect to the duty cycle under different turn ratios of tapped 
inductor for the two buck-boost and boost operating zones are 
illustrated in Fig. 4. From Fig. 4 it can be observed that: 
• The duty cycle is divided into two operating zones, as 

[0,1 / 2)TLD γ= +  and (1 / 2,1]TLD γ= + , where in the first 

operating zone, the output voltage is positive and in the 
second one, the output voltage is negative. 

• The voltage stresses across capacitors are different in the two 
operating zones. 

• Minimum value of the voltage stress in the second operating 
zone is zero. So, in this operating zone the voltage stress 
across capacitors has lower value.  
The voltages across the inductors and diodes in the time 

intervals 0T  and 1T  can be obtained as: 
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Fig. 4. Variations versus duty cycle under different turns ratio of 

tapped inductors; (a) voltage gain; (b) proportion of voltage 
stress across capacitors to the input voltage. 

 
3. Extraction of the equations of currents 

 
3.1. First Operating Mode (Time Interval 0T ) 
 

Considering Lv  from (5) and by replacing 0t T DT= = , the 

maximum current flowing through inductors 11L  and 21L  

( 2, 11LI , 2, 21LI ), at the end of the time interval 0T , can be 

obtained as follows: 
 

11, 0 2, 11 1, 110
11

C
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V
i I DT I
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= = +                                   (15) 

21, 0 2, 21 1, 210
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V
i I DT I

L= =
= = +                                  (16) 

 
where 1, 11LI  and 1, 21LI  are initial values of currents flowing 

through the inductors 11L  and 21L , in the time interval 0T , 

respectively. 
During the time interval 0T , to have increasing state for the 

instantaneous currents flowing through the inductors 11L  and 

21L  in the first operating zone and decreasing state in the second 

operating zone, the following conditions must be satisfied: 
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Assuming that the output load is pure resistive, the 
instantaneous current flowing through the load will be equal to 



the average current flowing through the load ( ,o avI ), in both 

operating zones and in both time intervals 0T  and 1T . So, this 

results in: 
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R
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3.2. Second Operating Mode (Time Interval 1T ) 
 

Like the first operating mode, by replacing 

1 (1 )t T D T= = − , the currents flowing through the inductors 

11L  and 21L , at the end of the time interval 1T  can be obtained 

as follows: 
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where 3, 11LI  and 3, 21LI  are the initial currents of the 

inductors 11L  and 21L , in the time interval 1T , respectively. 

During the time interval 1T , to have decreasing state for the 

instantaneous currents flowing through the inductors 11L  and 

21L  in the first operating zone and increasing state in the second 

operating zone, the following conditions must be satisfied: 
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According to (22) and (23), to transfer energy from input to 
output, in the first operating zone the value of voltage across the 
capacitors must be positive and be higher than input voltage, and 
in the second operating zone the value of voltage across the 
capacitors must be negative and be lower than the input voltage. 
The waveforms of the voltages and currents of the proposed 
converter in the operating zone [0,1 / 2)TLD γ= +  and in the 

boost mode are illustrated in Fig. 5. 
 

4. SIMULATION RESULTS 
 

In order to reconfirm the correct operation and accuracy of 
the proposed converter, the simulations results by using 
PSCAD/EMTDC software are presented. The used parameters 
in simulated converter are given in Table 1. Fig. 6 shows the 
simulation results of the first operating zone [0,1 / 2)TLD γ= +  

and for the voltage gains of 0.54B =  and 6B = .  
 

Table 1. Used parameters 
 

Duty Cycle iV  11 21L L=  1 2C C=  R  f  
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Fig. 5. Waveforms of voltages and currents of the proposed 
converter in the operating zone [0,1 / 2)TLD γ= +  and in the 

boost mode. 
 

From (8) and (9), the values of the output voltage of the 
converter and the voltage across the capacitors in both the time 
intervals 0T  and 1T  can be obtained as follows: 
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From (11)-(14), the values of the voltages across inductors 

and diodes, in the time intervals 0T  and 1T  are obtained as 



, 0 , 0 140L T D Tv V V′= =  and , 1 60L Tv V= − , , 0 , 1 0D T D TV V ′= =  

and , 1 60D TV V= , respectively. 

Simulation results in Fig. 6 reconfirm the values obtained 
through mathematical calculations. 
 

      

      

      

      

      

      
(a)                                          (b) 

 

Fig. 6. Simulation results of the proposed converter in the first 

operating zone as 
1

[0, )
2TL

D
γ

=
+

; (a) buck mode for 

0.54B =  and 0.15D = ; (b) boost mode for 6B =  and 
0.3D = . 

 
5. CONCLUSION 

 
In this paper, a new topology of Z-H buck-boost converter 

with tapped inductor was proposed. A complete analysis of 
operating principles of the proposed converter was presented in 
the buck-boost and boost operations. In the proposed structure, 
by changing the turns ratio of the tapped inductor cell, the 
voltage gain is adjusted. In this structure, without changing the 
number of inductors, and by varying the turn ratio and the duty 
cycle, the desired voltage gain is obtained. Also, in order to 
reconfirm the accuracy of the proposed converter, the simulation 
results were given for both the buck and boost modes in the 
PSCAD/EMTDC software. 
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