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Abstract. In this paper, a new topology of quasi-Y-source impedance networks is
presented. This converter utilizes the factor of change of winding and shoot through state
in order to improve the gain of network. The proposed impedance network employs low
turns ratio compared to quasi-Y-source and Y-source networks to achieve high voltage
gain. The continuous input current of the proposed converter is an advantage, particularly
for the applications related to the renewable energy sources such as Fuel Cell (FC) and
photovoltaic (PV) systems. Furthermore, there are dc-current-blocking capacitors in the
proposed network, which help to avoid the saturation of the coupled inductor. Operation
principles of the converter are discussed and the steady-state relations as well as voltage gain
and voltage stress across the dc-blocking capacitors are derived. The proposed converter
is compared with the conventional quasi-Y-source network to show the advantages of the
converter. Several simulations are performed and the results are shown to indicate the
performance of the proposed network. In this paper, an experimental prototype of a
converter is presented. To prove the validity and consistency of the proposed network,
several tests are carried out. This plan can have a negative gain, similar to the quasi-Ysource network.
©
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1. Introduction
Recently, renewable resources have attracted great
attention due to the shortage of fossil fuels as well as
oil and greenhouse pollution. The output voltage of
fuel cells and photovoltaic systems is mostly low, while
high voltage gain is needed [1,2]. Thus, the boost dcdc converter is required, which leads to low eciency
and security of many converters. In addition, in some
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investigations, it has been proved that the Voltage
Source Inverters (VSIs) and Current Source Inverters
(CSIs) face several limitations and problems, which can
be expressed as follows:
1. Conventional VSI is unable to increase the output
voltage, because it is a buck converter; thus, a dc-dc
boost converter is needed [3];
2. Current source converter is a boost converter in the
conversion from dc to ac and is a buck converter in
the conversion from ac to dc. In the applications
that a vast range of voltages is needed, a dc-dc
boost or buck converter is required. Thus, there
will be an additional power conversion stage that
causes an increase in the costs and a decrease in
the eciency [3].

F. Zohrabi et al./Scientia Iranica, Transactions D: Computer Science & ... 27 (2020) 1494{1505

In order to overcome the limitations of voltagesource inverter and current-source inverter topologies, impedance-source networks have been proposed.
Electric power conversion can take advantage of the
suggested networks and provide voltage enhancement
without any extra power stage. Peng introduced
the Z-source converter as the rst impedance network
in 2003 [3], which could provide a new single-stage
topology. The most signi cant feature of the Z-source
network is being both open and short-circuit, unlike the
VS or CS. The mentioned feature enables this converter
with a mechanism for the main converter circuit to step
up and down the voltage as desired in a single-stage
power conversion [4,5]. On the other hand, there are
some disadvantages to Z-Source Inverters (ZSIs). The
main drawback of the voltage-fed ZSI appears in the
boost mode, where the input current is discontinuous
and the capacitors must sustain a high voltage. On
the other hand, the main drawback of the current-fed
ZSI is that the inductors must sustain high currents.
To further improve traditional ZSIs, the quasi-Z-source
inverters were suggested in [6].
Besides the bene ts of the ZSIs, the quasi-Zsource inverters have their own advantages, such as
continuous input current and reduced passive component ratings. Voltage gain of the Z-source inverters
is limited. In order to increase voltage gain, several
magnetically coupled impedance networks have been
suggested [7]; some examples for such networks are
trans-Z-source [8], Y-source [9], quasi-Y-source [10],
and quasi-T-source [7]. After comparing the trans-Zsource and the Z-source inverters, it was shown that
the trans-Z-source inverter could improve the voltage
gain by its transformer [8]. Another important type
of inverters is Y-source inverter, which uses three
winding transformers. The main di erence between
this network and the classical impedance network can
be expressed by the method of calculating the voltage
gain. Since it is undesirable for most renewable
sources to have discontinuous input current, bulk dcbus capacitors are needed. Therefore, the quasi-Ysource network is proposed [10].
This paper proposes a new Y-source converter
with the purpose of increasing the voltage gain of
conventional quasi-Y-source converter considering the
same winding factor. The suggested converter, due to
continuous input current, uses a dc blocking capacitor.
Therefore, it is able to eliminate the saturation problem.
In this paper, we investigate the relations among
the converter parameters such as voltage gain, voltage stress on blocking capacitors, average value of
the output voltage, and input inductor. First, a
brief description of the performance of the converter
is provided. It is then followed by simulation and
experimental results.

1495

2. Performance of the proposed Y-source
Figure 1 and Figure 2 show the quasi-Y-source and
the proposed Y-source networks considering a threewinding transformer. The demonstrated networks
contain an inductor L; two capacitors C1 and C2 ; a
controlled switch and diode D1 ; and a three-winding
transformer with N1 , N2 , and N3 turns, which present
the primary, the secondary, and the third turns,
respectively. Furthermore, the mentioned converter
is in line with other types of the impedance-source
converters in many aspects, such as two operating
modes named shoot-through and non-shoot-through
states [10]. The shoot-through state is forbidden in
the traditional VSI, since it can cause damage to the
device by a short circuit in the voltage source. In
the quasi-Y-source converter, the impedance source
network, which is connected to the inverter bridge, can
alter the circuit operation and this situation allows for
reaching the shoot-through states. Additionally, via
the shoot-through state, the dc-link voltage could be
enhanced by the quasi-Y-source network [11]. This can
guarantee the protection of the circuit from damage
besides improving the system reliability. The suggested
Y-source network can be used for both the dc-dc
converter and the dc-ac inverter.
Regarding the proposed Y-source network, the
implementation of a dc-dc converter, which consists
of an additional diode D2 , capacitor CO , and load

Figure 1. Quasi-Y-source converter.

Figure 2. Proposed Y-source converter.
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resistance RL , is shown in Figure 2. When the switch
SW is turned on, the shoot-through state is reached. In
this state, diodes D1 and D2 are turned o . Simultaneously, the capacitors C1 and C2 charge the magnetizing
inductance of the transformer. Besides, the load is
supplied by the bu er capacitor CO . The shootthrough state is shown in Figure 3 and formulated in
Eqs. (1) to (4):
N3
V
N1 L1

VL 1 + VC 1 = 0 ;

VLin = Vin

) VLin = Vin

(1)

N
VC 1 + VL 1 + 2 VL 1 + VC 2 ;
N1


N
VC 1 + 1 + 2
N1



(2)

!

VC 1
+ VC 2 ; (3)
3
1 N
N1

VO = 0 :

(4)

The non-shoot-through state is shown in Figure 4.
This state is reached when the switch SW is turned o ;
therefore, diode D1 is switched to the ON mode and the
input voltage Vin recharges C1 and C2 . Meanwhile, the
lter capacitor CO and the power load are recharged
by the input voltage with the magnetizing inductance.
This state is formulated in Eqs. (5) to (9):
N
V
VL1 + 2 VL1 + VC 2 = 0 ) VL1 =  C 2  ;
N2
N1
1+ N
1

VLin = (Vin

VC 1 ) ;

(6)

N
Vo = 3 VL1
N1

VL1 + VC 1 :

(7)

The steady state causes the average voltage of the
inductors to be zero over one switching cycle. From
Eqs. (1) and (5), the following relation can be obtained:
1

N3
N1

VC 2
Dst +
2
1+ N
N1

!

(1 Dst ) = 0;

(8)

) VVC 1 = (N1D N(N3 ) (1+ N D) st ) ;
C2
st 1
2

(9)

where Dst denotes the shoot-through duty cycle.
Applying the volt-second balance principle to the
inductor Lin yields:


N
VC 1 + 1 + 2
N1

Vin

+ (Vin

)



1

VC 1

!

N3
N1

!

+ VC 2 Dst

VC 1 ) (1 Dst ) = 0;


(10)



D V
N1 + N2
 st C 1
+ Dst VC 2
N1 N3
N1

(5)

Figure 3. Proposed Y-source in shoot-through state.

!

VC 1

N1

+Vin

VC 1 = 0 :

(11)

Following Eqs. (9) and (11), the voltages across the
capacitors C1 and C2 can be calculated by:
VC 1 =

(1 Dst )
 Vin ;
N1 +N2
1 Dst 1 + N
1 N3

VC 2 =

N1 +N2
N1 N3

 Vin :
N1 +N2
Dst 1 + N
1 N3

Dst

1



(12)



(13)

From Eqs. (5), (7), (9), and (12), the maximum output
voltage can be given by Eq. (14) during the non-shootthrough state.
Vom =

V
 in

N2 +N1
1 Dst 1 + N
1 N3

:

(14)

Therefore, the converter voltage gain is as follows:
Gv =

Figure 4. Proposed Y-source in non-shoot-through state.

Vom
1
==
= B:
Vin
1 (1 + K 0 ) Dst

(15)

According to Eq. (15), the voltage gain Gv is
proportional to winding factor K 0 and the boost factor
B of the proposed-Y-source impedance network, where
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Figure 6. Comparison of voltage gains of the proposed

Figure 5. Theoretical voltage gain of the proposed

Y-source network (K 0 = 2) and quasi-Y-source network
( = 2).

Y-source network versus Dst and winding factor K 0 .

K 0 and B are de ned as K 0 = (N1 + N2 )=(N1
and B = 1=(1 (1 + K 0 )Dst ).
Vom =
Vin =

1



1

1+

N1 +N2
N1 N3



Dst

N3 )

;

1
V :
1 (1 + K 0 ) Dst in
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(16)

The range of variation for Dst in the proposed-Y-source
network can be determined as:
1
0  Dst  Dst;max =
:
(17)
1 + K0
The voltage gain gets a negative value when the
shoot-through time is greater than 1=(1 + K 0 ). It
can be seen in Figure 5 that the voltage gain for
the proposed-Y-source network is a function of the
shoot-through duty cycle Dst with a di erent winding
factor K 0 , where K 0 > 1. The gain of the proposedY-source network, which is obtained considering a
di erent winding factor K 0 and turns ratio (N1 : N2 :
N3 ), is given in Table 1. According to Eq. (16),
it should be noted that the winding factor of the
proposed-Y-source is in contrast to that of the quasi-Ysource impedance network ( = (N1 + N2 )=(N1 N3 ))
shown in Figure 1 [10]. Following the analysis in [10],

the maximum output voltage of the quasi-Y-source
impedance network is given by:
Vin
Vin
 =
Vom =
:
(18)
N
+
N
1
Dst
2
1
1 Dst N1 N3
We can determine the variation range for Dst as follows:
1
0  Dst  Dst;max = :
(19)

Therefore, with the same winding factor, it can be seen
that the voltage gain of the proposed Y-source network
is greater than that of the quasi-Y-source network, as
shown in Figure 6. Based on [10], the voltages across
the capacitors C1 and C2 of the quasi-Y-source network
can be written as:
(1 Dst ) 
VC 1 =
Vin ;
(20)
N1 +N2
1 Dst N
N
2
3
VC 2 =

1





N3 +N2
N1 N3

 Vin :
N1 +N2
Dst N
1 N3

Dst

(21)

3. Capacitor voltage stress
The voltage stresses across C1 and C2 are de ned

Table 1. Gain of the proposed Y-source impedance network achieved with a di erent winding factor, K 0 , and turns ratio,
(N1 : N2 : N3 ).

K 0 = (N1 + N2 )=(N1

N3 )

Dst;max

Gain Gv

N1 : N2 : N3

2

1/3

(1 3Dst )

1

(5:3:1) (3:1:1) (4:2:1)

3

1/4

(1 4Dst )

1

(2:1:1) (3:3:1) (4:2:2)

4

1/5

(1 5Dst )

1

(2:2:1) (3:1:2) (3:5:1)

5

1/6

(1 6Dst )

1

(3:2:2) (4:1:3) (2:3:1)

6

1/7

(1 7Dst )

1

(2:4:1) (4:2:3) (3:3:2)
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Figure 8. Average output voltage gain of the proposed
Y-source network.

input power are used to calculate the input current [12].
IL =

Pout
:
Vin

(23)

Inductor current ripple can be calculated as follows:
ZT

IL =

Dst T

Figure 7. (a) Voltage stress across capacitor C1

( = 2; K 0 = 2). (b) Voltage stress across capacitor C2
( = 2; K 0 = 2).

according to Eqs. (12) and (13). Note that the voltage
stresses of the capacitors C1 and C2 are higher than
those of the quasi-Y-source network [10], as shown in
Figure 7(a) and 7(b).

4. Average output voltage
The average output voltage [12] can be found as follows:
1
Vo =
T

ZT

Dst T

Vin
V (1 Dst )
= in
:
0
1 (1 + K ) Dst 1 (1 + K 0 ) Dst (22)

The denominator of Eq. (18) indicates that the voltage
gain will be negative when the shoot-through time
becomes greater than 1=(1 + K 0 ). The average output
voltage gain of the proposed-Y-source network with a
di erent duty ratio Dst and winding factor K 0 is shown
in Figure 8. Here, it is assumed that K 0 = 2.

5. Calculating the value of input inductor
The inductance of the dc-dc boost converter can be
expressed through the current ripple factor KL . If the
losses are ignored, the output power Pout is equal to
the input power. Therefore, the input voltage and the

diL
dt =
dt

ZT

Dst T

VL
V
dt = L T (1 Dst ) : (24)
L
L

The voltage across the inductor L during the nonshoot-through state is:
VL = (Vin

VC 1 ) :

(25)

Substituting Eq. (25) into Eq. (24) gives:
(1 Dst ) T (Vin VC 1 )
:
(26)
L
The current ripple factor KL can be expressed as:
IL =

KL =

IL
:
IL

(27)

The inductance of the dc-dc boost converter is stated
through the current ripple factor KL based on Eqs. (26)
and (27), as follows:
L=

(1 Dst ) T (Vin
KL

VC 1 )





Vin
:
Pout

(28)

In Eq. (28), the voltage across capacitor C1 can be
evaluated by:
VC 1 =

Vin(1 Dst ) 
:
N1 +N2
1 Dst 1 + N
N
1
3

(29)

6. Simulation results
In this section, we provide computer simulations to
analyze the theoretical and experimental results. Figure 2 shows the design of the converter. Tables 2 and
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Table 2. General speci cations of the proposed Y-source converter.
Symbols
De nitions
Values
Vin
VO
C1
C2
CO
L
N1 : N2 : N3
K0
Dst
fs
RL

Input voltage
Output voltage
Capacitance of capacitor C1
Capacitance of capacitor C2
Capacitance of output capacitor
Inductance of inductor
Turns ratio
Winding factor
Duty cycle
Switching frequency
Load

50 (V)
200 (V)
330 (F)
330 (F)
47 (F)
2 (mH)
3:1:1
2
0.25
22 (kHZ)
200 ( )

Table 3. General speci cations of the proposed Y-source converter.
Symbols
De nitions
Values
Vin
VO
C1
C2
CO
L
N1 : N2 : N3
K0
Dst
fs
RL

Input voltage
Output voltage
Capacitance of capacitor C1
Capacitance of capacitor C2
Capacitance of output capacitor
Inductance of inductor
Turns ratio
Winding factor
Duty cycle
Switching frequency
Load

3 list the parameters of the proposed converter. Using
Eq. (17) and assuming K 0 = 2, the shoot-through range
can be 0 < Dst < 1=3. According to Eq. (15), if the
value of Dst in Table 2 is set to 0.25, the amount of gain
will be 4. The achieved gain here is higher than the
gain of quasi-Y-source converter and can be boosted to
Vom = 200 V at an input voltage of Vin = 50 V.
The output voltage of the proposed Y-source is
shown in Figure 9(b). As shown in this gure, the
output voltage increases to 200 V, which is close to
the theoretical values. The voltage stresses across
capacitors C1 and C2 are shown in Figure 9(c) and
(d). According to Figure 9(c) and (d), VC 1 and VC 2
are boosted to 150 V and 100 V, respectively. It can
be seen that these values are close to the theoretical
ones. The input current drawn by the network is

50 (V)
125 (V)
330 (F)
330 (F)
47 (F)
2 (mH)
2:1:1
3
0.15
22 (kHZ)
200 ( )

continuous, as shown in Figure 9(e). In order to
achieve a constant output voltage, the shoot-through
duty cycle is changed from 0.1 to 0.246.
For a wide range of input voltages (52 V{100
V), the output voltage is adjusted to 200 V. Considering K 0 = 2 and Dst = 0:25, the experimental
waveforms of the proposed Y-source dc-dc converter
are depicted in Figure 10. It should be noted that
the simulation results follow the experimental results.
Figure 1 shows the quasi-Y-source network based on
the listed parameters in Tables 4 and 5. For  = 2
and Dst = 0:25, the experimental and simulation
waveforms of the quasi-Y-source network are shown in
Figures 11 and 12. Eq. (18) reveals that the output
voltage increases to Vom = 100 V. Both practical and
simulation results con rm that the output voltage is
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Figure 9. Waveforms obtained by the simulation of the proposed Y-source boost dc-dc converter with Dst = 0:25,
winding factor K 0 = 2, and fs = 22 kHZ: (a) Input voltage, (b) output voltage, (c) voltage of capacitor C1 , (d) voltage of
capacitor C2 , and (e) input current.
Table 4. General speci cations of the quasi-Y-source converter.
Symbols

De nitions

Values

Vin

Input voltage

50 (V)

VO

Output voltage

100 (V)

C1

Capacitance of capacitor C1

330 (F)

C2

Capacitance of capacitor C2

330 (F)

CO

Capacitance of output capacitor

47 (F)

L

Inductance of inductor

2 (mH)

N1 : N2 : N3

Turns ratio

3:1:1



Winding factor

2

Dst

Duty cycle

0.25

fs

Switching frequency

22 (kHZ)

RL

Load

200 ( )

approximately 100 V. Besides, the output voltages of
the capacitors C1 and C2 , according to Eqs. (20) and
(21), are set to 75 and 25 V.
Given K 0 = 3 and Dst = 0:15 in the formulation,
the experimental and simulation waveforms of the
proposed Y-source network are shown in Figures 13
and 14. Based on Eq. (14), the output voltage can
be given as Vom = 125 V. Likewise, in the simulation
and practical results, output voltage is approximately
125 V. The output voltages of the capacitors C1 and
C2 are 105 and 56 V, according to Eqs. (12) and (13).
Denoting  = 3 and Dst = 0:15, Figures 15 and

16 show the simulation and experimental waveforms of
the quasi-Y-source network, based on Eq. (18). For
the quasi-Y-source dc-dc converter, the output voltage
will be boosted to Vom = 90 V; similarly, its value in
both practical and simulation results is around 90 V.
Following Eqs. (20) and (21), the output voltages of
the capacitors C1 and C2 are 77 and 27 V. It can be
observed that the approximate values of VC 1 and VC 2
are boosted to 77 V and 27 V in experimental and
simulation waveforms. In the presented gures, the
practical results have the same behavior as that of the
simulation results. Furthermore, in equal conditions,
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Figure 10. Experimental waveform of the proposed single-switch Y-source dc-dc converter with turns ratio of (3:1:1) and

Dst = 0:25.

Figure 11. Waveforms obtained by the simulation of the quasi-Y-source boost dc-dc converter with Dst = 0:25, winding
factor  = 2, and fs = 22 kHZ: (a) input voltage, (b) output voltage, (c) voltage of capacitor C1 , (d) voltage of capacitor
C2 , and (e) input current.
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Table 5. General speci cations of the quasi-Y-source converter.
Symbols
De nitions
Values

Vin
VO
C1
C2
CO
L
N1 : N2 : N3

Dst
fs
RL

Input voltage
Output voltage
Capacitance of capacitor C1
Capacitance of capacitor C2
Capacitance of output capacitor
Inductance of inductor
Turns ratio
Winding factor
Duty cycle
Switching frequency
Load

50 (V)
90 (V)
330 (F)
330 (F)
47 (F)
2 (mH)
2:1:1
3
0.15
22 (kHZ)
200 ( )

Figure 12. Experimental waveform of the single-switch quasi-Y-source dc-dc converter with turns ratio of (3:1:1) and
Dst = 0:25.
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Figure 13. Waveforms obtained by the simulation of the proposed Y-source boost dc-dc converter with Dst = 0:15,
winding factor K 0 = 3, and fs = 22 kHZ: (a) Input voltage, (b) output voltage, (c) voltage of capacitor C1 , (d) voltage of
capacitor C2 , and (e) input current.

Figure 14. Experimental waveform of the proposed single-switch Y-source dc-dc converter with turns ratio of (2:1:1) and

Dst = 0:15.
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Figure 15. Waveforms obtained by the simulation of the quasi-Y-source boost dc-dc converter with Dst = 0:15, winding
factor  = 3, and fs = 22 kHZ: (a) input voltage, (b) output voltage, (c) voltage of capacitor C1 , (d) voltage of capacitor
C2 , and (e) input current.

Figure 16. Experimental waveform of the single-switch quasi-Y-source dc-dc converter with turns ratio of (2:1:1) and

Dst = 0:15.
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the voltage gain in the proposed converter is greater
than that in the quasi-Y-source converter.

7. Conclusion
In this paper, we proposed a new impedance source
network, which was able to maintain small duty ratio
and turns ratio of the coupled magnetics. It suitably
performed in converters operating in high voltage
gain. In comparison to the conventional quasi-Y-source
and Y-source networks, the new topology utilized low
turns ratio and provided a continuous input current
to achieve high voltage gain. This is a suitable
feature of this topology, which can be applied to new
energy sources. The expected performance and the
functionality of the proposed dc-dc converter were
con rmed by both mathematical and experimental
results.
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