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Abstract

This paper proposes a family of high-efficiency DC-DC boost converters employing voltage-
doubling coupled-inductor technology with a low component count. By varying the
homonymous winding connections of the coupled inductor, three topologies are developed:
parallel (PWCDVD-CLBC), series (SWCDVD-CLBC), and flipped-parallel (FPWCDVD-
CLBC). These converters achieve high-voltage gain, continuous input current, and low-
voltage stress across components. The PWCDVD-CLBC and FPWCDVD-CLBC config-
urations exhibit voltage gains proportional to the turn ratio, while the SWCDVD-CLBC
shows an inverse relation, enabling reduced turn ratios. Detailed operational principles,
mathematical analysis, and performance advantages are presented. A comparative evalua-
tion demonstrates a higher voltage gain, realizes continuous input current, and has lower
voltage stresses. The experimental results validate the theoretical analysis and confirm the
feasibility and efficiency of the proposed designs.

Keywords: magnetically boost structure; high-voltage gain; continuous input current; low
component count

1. Introduction
Wireless charging systems have been extensively applied to electric vehicle batter-

ies due to their contactless nature, safety, and convenience. Various DC/DC converter
topologies have been developed to meet the demands of high-voltage gain and improved
efficiency in renewable energy and electric vehicle applications [1]. However, conventional
boost converters suffer from limited voltage gain and high-voltage stress on switching
devices, which restricts their applicability in high step-up scenarios.

To address these limitations, Z-source converters (ZSCs) and Y-source were introduced,
offering an impedance network capable of boosting voltage [2–4]. However, ZSCs typically
suffer from discontinuous input current and limited gain, which has led to the development
of quasi-Z-source (QZSC) and enhanced Z-source networks [5–8]. While these offer better
performance, they often involve increased component count and complexity.

By introducing switched-inductor cells to realize four inductors’ parallel charging and
serial discharging, the converter [9] largely improves boost ability. By adding switched-
impedance networks, an enhanced Z-source structure is presented in [10] to increase boost
ability, which results in larger device counts and system losses. Therefore, converters
based on coupled-inductor boost technology are presented for a higher voltage gain but
utilizing a lesser component count. Magnetically coupled structures have gained attention
due to their ability to combine multiple inductors and achieve a higher voltage gain. The
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∆-source converter [11] realizes high-voltage gain by utilizing a three-winding magnetically
structured, two capacitors, and two diodes. Different from converters [11], Γ-source and
flipped Γ-source converters [12,13] have an inversely proportional relation; namely, a low
turn ratio can help produce a high boost ability. A Y-source converter with a three-winding
coupled-inductor cell is reported in [14], which has more freedom in winding matches.

Figure 1 shows the topologies of the ∆-source, Γ-source, and Y-source converters.
The ∆-source, Γ-source, and Y-source converters utilize multi-winding coupled-inductor
cells to achieve enhanced performance [11–14], though many of them still suffer from
discontinuous input current and parasitic-induced losses. Subsequently, a three-winding Π-
source converter [15] realizes a stronger boost ability, but its voltage gain is heavily affected
by the parasitic resistances on passive components and switching devices. Although
the converters above enhance the output performance of systems, input currents are
discontinuous, which is not beneficial to the input power source, and is sensitive to passive
component parasitics.

Vin S1 R

Do

Co

(a)Δ-source (b)Γ-source (c)Y-source

Figure 1. ∆-source, Γ-source, and Y-source converters. (* represents the homonymous end of the
coupling inductance).

Through varying the charging and discharging paths of the Z-source converter, quasi-
Z-source converters (QZSCs) [5] realize the continuous input current. Subsequently, en-
hanced QZSCs [6–8] are reported to produce a higher voltage gain by introducing multiple
parallel charging paths. Next, some high-performance coupled-inductor converters, such
as the T-source [16], LCCT-Z-source [17], quasi-Y-source [18], modified-Y-source [19], quasi-
Γ-source [20], and switched-coupled-inductor converters [21], are presented to further opti-
mize the topology performance. Figure 2 shows the topologies of the switched-inductor and
the quasi-switched-inductor converters. However, these converters use multiple diodes,
one individual inductor, one coupled-inductor cell, and two capacitors, which will increase
system losses to a great degree. Quasi-switched-boost impedance networks are discussed
in references [22–26] and have been proposed to further improve gain and continuity of
the input current; however, these approaches often introduce multiple diodes, additional
switches, and complex control requirements, thereby increasing overall system loss and
design costs. The corresponding comparison is shown in Table 1.

In summary, there remains a need for converter topologies that simultaneously achieve
a high-voltage gain, continuous input current, reduced component count, and low-voltage
stress. In response, this paper introduces a novel family of voltage-doubling coupled-
inductor boost converters with simplified structures and enhanced performance, addressing
the limitations found in prior designs. By utilizing different winding homonymous end con-
nections of coupled-inductor cells, three converters are formed and have these performance
advantages at the same time. Regarding some differences for the proposed topologies, the
voltage gain and turn ratio of the PWCDVD-CLBC and FPWCDVD-CLBC have propor-
tional relations, and yet the SWCDVD-CLBC has inversely proportional relations.
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(a)switched-inductor converter (b)quasi switched-inductor converter

 
Figure 2. Switched-inductor converter and quasi-switched-inductor converter.

Table 1. Comparison table of converters.

Topology G Component Count Input Current

Z-source converter 1
1−2D 4 Discontinuous

Quasi-switched boost converter 1
1−3D 11 Continuous

Modified-Y-source network 1+KD
1−D 12 Continuous

∆-Source network 1
1−K△D 9 Discontinuous

Y-source impedance network 1
1−KY D 8 Discontinuous

Extended Z-source 1+KD
1−(1+nTZ)D 10 Discontinuous

Π-source impedance network 1
1−KΠD 7 Discontinuous

extended boost trans-Z-source inverter 1
(1−2D)(1−D)2 9 Continuous

Switched-inductor-Z-source 1+D
1−3D 13 Continuous

L-Z-source inverter 1+D
1−D 5 Continuous

Trans-switched boost inverters 1+nSD
1−(2+nS)D

6 Discontinuous

Quasi-Y-source inverter 1
1−δD 7 Continuous

LCCT Z-source m+1
2−2

(
1+ n2

n3

)
D

8 Continuous

Improved trans-Z-source inverter 1
1−(2+n)D 6 Continuous

Three-winding switched-coupled
inductor (PSCL)

1+n1
n1

1−
(

1+ 1+n1+n2
n1

)
D

9 Continuous

2. Proposed Topologies and Analysis
2.1. Proposed Topologies

Figure 3 provides the topology of the ZSC. It can be seen that the ZSC can realize a
boosted performance by the X-source impedance network. When the switch is on, two
capacitors charge two inductors. When the switch is off, the two inductors and the input
source discharge to loads and capacitors. However, the input source is lower than the
capacitor voltage and results in discontinuous input current when the switch is on.

Figure 3. Z-source converter.

Inspired by the operation principle of the ZSC and combining magnetically boost tech-
nology, a family of voltage-double coupled-inductor boost DC/DC converters is proposed
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in Figure 4. The proposed converters directly utilize the input source to charge the coupled-
inductor cell and construct a voltage-double circuit path with diode-winding-capacitor
technology. The proposed three converters realize a continuous input current, have a lower
component count, and obtain a higher boost ability. Different winding homonymous end
connections form different topologies, respectively, called PWCDVD-CLBC in Figure 4a,
FPWCDVD-CLBC in Figure 4b, and SWCDVD-CLBC in Figure 4c. The voltage gain and
turn ratio of the PWCDVD-CLBC and FPWCDVD-CLBC exhibit a proportional relation,
and yet the SWCDVD-CLBC has an inversely proportional relation. Therefore, the pro-
posed three converters must produce different outcomes. (* represents the homonymous
end of the coupling inductance).

 
(a) (b) 

C1

D1 N1N2

Vin S1 R

Do

Co

 

 

(c)  

Figure 4. Proposed converters: (a) PWCDVD-CLBC, (b) FPWCDVD-CLBC, and (c) SWCDVD-CLBC.

In this section, the operational status of the three proposed converters will be analyzed
individually. Figure 5 shows the theoretical waveforms of the related components in one
cycle of the topology in Figure 4, and Figure 5 shows the equivalent circuits when the
switch is on or off.

( )1 SD T−SDT ( )1 SD T−SDT ( )1 SD T−SDT

 

(a)                      (b)                        (c) 

Figure 5. Theoretical waveforms: (a) PWCDVD-CLBC, (b) FPWCDVD-CLBC, and (c) SWCDVD-
CLBC. (Vgs is the switch pulse trigger signal, VN1/IN1 is the primary side of the coupling inductance
voltage/current, VN2/IN2 is the secondary side of the coupling inductance voltage/current, VD1/ID1

is the diode voltage/current, and VDo/IDo is the diode voltage/current.).
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2.1.1. PWCDVD-CLBC

As described in Figure 6a, the input source supplies power for the windings N1,
magnetizing inductance LM, and the leakage inductance Lk by diode D1 and switch S1

when the switch is on. Meanwhile, wind N2 charges the capacitor C1 through diode D1. As
described in Figure 6b, the input source Vin, the whole coupled-inductor structure, and
capacitor C1 supply the power for the loads when switch S1 is off.

 
(a) (b) 

 
(c) (d) 

 
(e) (f) 

Figure 6. Equivalent circuits of different operation states: (a,c,e) switch is on and (b,d,f) switch is off.
(* represents the homonymous end of the coupling inductance).

2.1.2. FPWCDVD-CLBC

As described in Figure 6c, the input source supplies power for windings N1, magnetiz-
ing inductance LM, and leakage inductance Lk by diode D1 and switch S1 when the switch
is on. Meanwhile, the whole coupled-inductor structure charges capacitor C1 through
diode D1. As described in Figure 6d, the input source Vin, winding N2, and capacitor C1

supply the power for the loads when switch S1 is off. The relevant parameters and symbols
are shown in Table 2.

Table 2. Parameters and symbols.

Symbol Description Unit

Vin Input voltage V
Co Output capacitor voltage V
D1 Diode -
LK Leakage inductance H
LM Magnetizing inductance H
C1 Intermediate capacitor F
R Load resistance Ω

N1/2 Primary/secondary edge -
S1 Switch -
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2.1.3. SWCDVD-CLBC

As described in Figure 6e, the input source supplies power for the whole coupled-
inductor structure through the diode D1 and switch S1 when the switch is on. Meanwhile,
the wind N1 and leakage inductance Lk thus charge capacitor C1 through diode D1. As
described in Figure 6f, the input source Vin, winding N2, and capacitor C1 supply the power
for the loads when switch S1 is off.

In summary, the proposed converters can achieve continuous input current. Addition-
ally, by forming a voltage-doubling circuit, these topologies can significantly enhance the
voltage gain with a low component count.

2.2. Math Derivation and Performance Analysis

The detailed math derivation and performance analysis will be given out as follows.
The following definitions are given out. Leakage inductance Lk and magnetizing inductance
LM have the following expressions:

g = LM/(LM + Lk) (1)

where Vin is the input voltage, D is the shoot-through duty ratio, n is the turn ratio of the
coupling inductance, VC1 is the voltage of capacitor C1, and Vo is the output voltage. VN1S,
VN1N, VN2S, VN2N, VLkS, and VLkN are, respectively, the voltages of the windings (N1 and
N2) and leakage inductance when the switch is on or off.

2.2.1. PWCDVD-CLBC

When the switch is on, the following theoretical relations can be obtained.

Vin − VLkS − VN1S = 0 (2)

VN2S = nVN1S (3)

VC1 = VN2S (4)

When the switch is off, the following theoretical relations can be obtained.

Vin − VLkN − VN1N − VN2N + VC1 = Vo (5)

VN2N = nVN1N = ngVLkN/(1 − g) (6)

VD1 = VC1 − VN2N (7)

Therefore, the output voltage is provided as follows.

Vo =
(ng + 1)Vin
(1 − D)

(8)

When g = 1, the voltage gain and voltage stresses of diode D1 and capacitor C1 are
provided as follows. 

G = n+1
1−D

VC1 = nVin

VD1 = nVin
1−D

(9)

2.2.2. FPWCDVD-CLBC

When the switch is on, the following theoretical relations can be obtained.

Vin − VN1S − VLkS = 0 (10)
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VN2S = nVN1S (11)

VC1 = VN2S − VN1S − VLkS (12)

When the switch is off, the following theoretical relations can be obtained.

Vin + VC1 − VN2N = Vo (13)

VN2N = nVN1N = nVLkSg/(1 − g) (14)

Therefore, the output voltage is provided as follows.

Vo =
Dng2 + (1 − D)(ng + g − 1)

(1 − D)g
Vin (15)

When g = 1, the voltage gain and voltage stresses of diode D1 and capacitor C1 are
provided as follows. 

G = n
1−D

VC1 = (n − 1)Vin

VD1 = (n−1)Vin
1−D

(16)

2.2.3. SWCDVC-CLBC

When the switch is on, the following theoretical relations can be obtained.

Vin − VN2S + VN1S + VLkS = 0 (17)

VN2S = nVN1S (18)

VC1 = VN1S (19)

When the switch is off, the following theoretical relations can be obtained.

Vin + VC1 − VN2N − VLkN = Vo (20)

VN2N = nVN1N = nVLkN g/(1 − g) (21)

VD1 = VC1 − VN1N (22)

Therefore, the output voltage is given out.

Vo =
Vinn(1 − D + Dg)
(1 − 2g + n)(1 − D)

(23)

When g = 1, the voltage gain and voltage stresses of diode D1 and capacitor C1 are
provided as follows. 

G = n
(n−1)(1−D)

VC1 = Vin
n−1

VD1 = Vin
(n−1)(1−D)

(24)

Figure 7a,b illustrates the voltage gain curves that consider various coupling coef-
ficients and turn ratios for the proposed three topologies. As described in Figure 7a,b,
the voltage gain can be regulated by varying the switch-duty ratio, and it rises as the
coupling coefficient rises. Voltage gains of the PWCDVD-CLBC and FPWCDVD-CLBC are
directly proportional to the turn ratio, yet the SWCDVD-CLBC is inversely proportional
to the turn ratio. Figure 7c,d, respectively, describes the normalized voltage stresses of
capacitor C1 and diode D1 under various turn ratios for the proposed three converters.



Electronics 2025, 14, 2659 8 of 21

As described in Figure 7c,d, the normalized voltage stresses of capacitor C1 and diode
D1 of the PWCDVD-CLBC and FPWCDVD-CLBC have a proportional relation with the
turn ratio, and then the normalized voltage stresses of capacitor C1 and diode D1 of the
SWCDVD-CLBC have an inversely proportional relation with the turn ratio.

(a) (b) 

(c) (d) 

Figure 7. Performance analysis: (a) voltage gain with various coupling coefficients, (b) voltage gain
with various turn ratios, (c) diode voltage, and (d) capacitor voltage.

2.3. Parameter Design and Performance Comparison

The following part shows the design of the coupled-inductor cell and capacitors for
the proposed three topologies. Inductor values of primary and secondary winding are
typically designed based on the principle that input power equals output power.

Pin = Viniin = GViniout = Pout (25)

where iin is the average input current, the equation for primary and secondary windings,
input voltage, shoot-through duty ratio, and switch frequency is given. iout is the average
output current; this is the equation for voltage gain and loads.

The voltage fluctuation of the capacitors is mainly caused by the charging and dis-
charging currents.

C
dV
dt

= i (26)

where C is the capacitor value, i is the current across the capacitor C, and dV is the voltage
fluctuation of the capacitor in this interval dt.

The coupled-inductor cell and capacitors of the proposed three topologies can be
designed separately, as follows.

2.3.1. PWCDVD-CLBC

According to the operation states in Figure 6a,b, iin and iout are provided as follows.{
iin = VinDTs(1−D+nD)

2nLN1

io = Vin(1+n)
(1−D)R

(27)
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where R is the load, and Ts is the switch cycle. Therefore, the inductor values of the primary
and secondary windings are provided as follows.

LN1 =
D(1 − D)2(1 − D + nD)RTs

2(1 + n)2n
(28)

LN2 =
nD(1 − D)2(1 − D + nD)RTs

2(1 + n)2 (29)

The capacitor C1 is designed according to Equation (30).

VinD2T2
s

nLN1∆VC1
≤ C1 (30)

where C1 is the value of capacitor C1, and ∆vC1 is the permitted voltage ripple of capacitors
C1.

2.3.2. FPWCDVD-CLBC

According to the operation states in Figure 6c,d, iin and iout are provided as follows. iin = VinD2Ts
2LN1

io = nVin
(1−D)R

(31)

Therefore, the inductor values of the primary and secondary windings are provided
as follows.

LN1 =
D2Ts(1 − D)2R

2n2 (32)

LN2 =
D2Ts(1 − D)2R

2
(33)

The capacitor C1 is designed according to the Equation (34).

VinD2T2
s

nLN1∆VC1
≤ C1 (34)

2.3.3. SWCDVD-CLBC

According to the operation states in Figure 6e,f, iin and iout are provided as follows. iin = VinDTs(n−1+D)
2(n−1)n2LN1

io = nVin
(n−1)(1−D)R

(35)

Therefore, the inductor values of the primary and secondary windings are provided
as follows.

LN1 =
DTs(n − 1 + D)(n − 1)(1 − D)2R

2n4 (36)

LN1 =
DTs(n − 1 + D)(n − 1)(1 − D)2R

2n2 (37)

The capacitor C1 is designed according to the Equation (38).

VinD2T2
s

(n − 1)LN1∆VC1
≤ C1 (38)
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2.4. Comparative Analysis

A comparative analysis was performed among the ∆-source [11], modified-Y-
source [19], high-gain quasi-switched [24], and the proposed three converters. The voltage
gain, maximum capacitor voltage, maximum diode voltage, shoot-through peak current,
component count, and input current state of the converters above are listed in Table 3.

The proposed converters use a lower component count than other converters [11,19,24].
As we can see, their input currents are continuous. In addition, the proposed impedance
structure can achieve a high boost effect with a small switch-duty ratio. The specific
parameters for comparison are shown below.

The input current of the converter [11] is discontinuous. Still, the converter [19] is
continuous, and the converter [24] and the proposed converters are also continuous. The
proposed topologies utilize the fewest components while maintaining continuous input
current, which is in contrast to other converters [11,19,24].

Parameter comparisons among the converters [11,19,24] and the proposed converters are
made. The comparison of voltage gain is shown in Figure 8a. Figure 8a demonstrates that
the proposed three converters achieve a higher voltage gain. Voltage gains of the proposed
PWCDVD-CLBC and FPWCDVD-CLBC have a positively proportional relationship with the
turn ratio, yet the proposed SWCDVD-CLBC has an inversely proportional relationship.

(a) (b) 

(c) (d) 

Figure 8. Comparative curves of boost ability, device voltages, and current: (a) voltage gain, (b) ca-
pacitors, (c) diode voltage, and (d) shoot-through currents [11,19,24].

Figure 8b provides comparative curves of normalized capacitor voltage stress. The
proposed three converters have the lowest voltage stress across capacitors when the turn
ratio is 2, compared to other converters [11,19,24]. When the turn ratio is 1.2, the capacitor
voltage of the proposed SWCDVD-CLBC is lower than the converters [24] and higher than
converters [11,19]. However, as the voltage gain gradually increases, when the voltage gain
reaches 7, we can see that the SWCDVD-CLBC is lower than converters [19,24].

Figure 8c illustrates the comparative curves of the normalized diode voltage. It is
clear that the diode voltage stresses for the proposed converters are lower than those of
converters [11,19,24]. The comparison of normalized shoot-through current is shown in
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Figure 8d. The proposed impedance networks have a lower shoot-through current than
those of the impedance networks [11,19,24].

Table 3. Parameter comparisons.

Parameters ∆-Source
Network [11]

Modified-Y-Source
Network [19]

Quasi-Switched
Network [24]

PWCDVD-
CLBC

FPWCDVD-
CLBC SWCDVD-CLBC

G 1
1−K△D

1+KD
1−D

1
1−3D

n+1
1−D

n
1−D

n
(n−1)(1−D)

VC-max
(1−D)Vin
1−K△D

(1+KD−D)Vin
1−D

Vin
1−3D nVin (n − 1)Vin

Vin
n−1

VD-max
(K△−1)Vin

1−K△D
(K+G)Vin
(1+K)

Vin
1−3D

nVin
1−D

(n−1)Vin
1−D

Vin
(n−1)(1−D)

Shoot-through
peak current

(1−D)K△DTsVin

(1−K△D)Lm

(2KG−K+1)DTsVin( N3
N2

−1
)

LN2

(3−3D)DTsVin
(1−3D)L1

DTsVin
LN1

DTsVin
LN1

DTsVin
(n−1)LN1

Component
count 9 12 11 5 5 5

Input current Discontinuous Continuous Continuous Continuous Continuous Continuous
Cost Medium High Medium Low Low Low

Based on the above comparison, the three proposed impedance networks can achieve
a higher voltage gain with fewer components while exhibiting lower voltage stress in a
smaller range through the switch-duty ratio, thereby reducing energy loss.

2.5. Voltage Gain Analysis
2.5.1. PWCDVD-CLBC

The influence of inductance resistance on the voltage gain of the PWCDVD-CLBC is
analyzed as follows in Figure 9. RN1 and RN2 represent the conduction resistances of the
windings (N1 and N2, * represents the homonymous end of the coupling inductance).

C1

D1N1

N2

Vin

RN1

RN2

RS1
Co

 
Figure 9. Simplified analysis of PWCDVD-CLBC inductance resistance.

From the above circuit diagram analysis, we have:

Vin − iinRN1 − VN1S = 0
VN2S = nVN1S

VC1 + iinRN2 − VN2S = 0
(39)

Vin − iin(RN1 + RN2) + VC1 − VN1N − VN2N = VO

VN2N = nVN1N
(40)

Due to the existence of inductance resistance, there is a voltage drop in the actual
value of VN1. At the same time, there is also a voltage drop between VN2 and VC1 due to
electromagnetic induction. Therefore, from this, we obtain the following image in Figure 10.

2.5.2. FPWCDVD-CLBC

The influence of inductance resistance on the voltage gain of the FPWCDVD-CLBC is
analyzed as follows in Figure 11. RN1 and RN2 represent the conduction resistances of the
windings (N1 and N2, * represents the homonymous end of the coupling inductance).
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Figure 10. Influence of inductance resistance on PWCDVD-CLBC voltage gain.

Vin S1

D1

C1 N2 RN2

R
Co

N1 RN1

Figure 11. Simplified analysis of FPWCDVD-CLBC inductance resistance.

From the above circuit diagram analysis, we have:

Vin − iinRN1 − VN1S = 0
VN2S = nVN1S

VC1 = VN2S − iin(RN1 + RN2)− VN1S

(41)

Vin + VC1 − VN2N − iinRN2 = Vo

VN2N = nVN1N
(42)

Due to the existence of inductance resistance, when the switch is on, because of the
inductive impedance on N1, the current of N1 decreases. The induced electromotive force
of N2 is generated due to electromagnetic induction. At the same time, the energy stored
in C1 is reduced due to the impedance of N2, resulting in a decrease in voltage gain. The
simulation is shown in Figure 12.

Figure 12. Influence of inductance resistance on FPWCDVD-CLBC voltage gain.



Electronics 2025, 14, 2659 13 of 21

2.5.3. SWCDVD-CLBC

The influence of inductance resistance on the voltage gain of the SWCDVD-CLBC is
analyzed as follows in Figure 13. RN1 and RN2 represent the conduction resistances of the
windings (N1 and N2, * represents the homonymous end of the coupling inductance).

Vin S1 R
Co

C1

D1 N1N2RN2 RN1

Figure 13. Simplified analysis of SWCDVD-CLBC inductance resistance.

From the above circuit diagram analysis, we have:

Vin − VN2S + VN1S − iN1RN1 − iN2RN2 = 0
VN2S = nVN1S

VC1 = VN1S − iN1RN1

(43)

Vin + VC1 − VN2N − iN2RN2 = Vo

VN2N = nVN1N
(44)

When the switch is on, due to the existence of inductance resistance, the inductive
impedance on LN1 and LN2 will consume some energy, resulting in a voltage drop. At the
same time, when the switch is off—because the inductance impedance on N2 causes the
current to drop—the stored energy of the C1 capacitor will drop, and then the voltage gain
will drop. The simulation is shown in Figure 14.

Figure 14. Influence of inductance resistance on SWCDVD-CLBC voltage gain.

2.6. Efficiency Calculation

Loss models for the proposed three converters are, respectively, described in Figure 15.
The relevant efficiency calculation is given as follows. RN1, RN2, and RC1 represent the
conduction resistances of the windings (N1 and N2) and capacitor C1. VSD represents the
conduction voltage drop of diode D1 and switch S1.
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Figure 15. Loss models for proposed converters: (a,b) PWCDVD-CLBC, (c,d) FPWCDVD-CLBC, and
(e,f) SWCDVD-CLBC. (* represents the homonymous end of the coupling inductance).

2.6.1. PWCDVD-CLBC

The losses of the capacitor C1, switch S1, diode D1, and coupled-inductor cell are
provided as follows.

PC−loss = I2
C1RC1 =

V2
inD2T2

s [1 − (n + 1)D]2RC1

n2L2
N1

(45)

PS−loss = ISVSD =
D2TsVinVSD

2LN1
(46)

PD−loss = ID1 VSD =
VinDTs(1 − D + nD)VSD

2nLN1
(47)

PCL−loss = I2
N1RN1 + I2

N2 RN2

=
V2

inD2T2
s [(1−D+nD)2RN1+4(1−nD−D)2RN2]

4n2L2
N1

(48)

Therefore, efficiency is provided as follows.

η =
Pin − PC−loss − PS−loss − PD−loss − PCL−loss

Pin
(49)

where Pin is input power, calculated as follows.

Pin =
V2

inDTs(1 − D + nD)

2nLN1
(50)

2.6.2. FPWCDVD-CLBC

The losses of the capacitor C1, switch S1, diode D1, and coupled-inductor cell are
provided as follows.

PC−loss = I2
C1RC1 =

V2
inD4T2

s RC1

L2
N1

(51)



Electronics 2025, 14, 2659 15 of 21

PS−loss = ISVSD =
VinD2TsVSD

2LN1
(52)

PD−loss = ID1 VSD =
VinD2TsVSD

2LN1
(53)

PCL−loss = I2
N1RN1 + I2

N2 RN2 =
V2

inD4T2
s (RN1 + 4RN2)

4L2
N1

(54)

Therefore, efficiency is provided as follows.

η =
Pin − PC−loss − PS−loss − PD−loss − PCL−loss

Pin
(55)

where Pin is input power, calculated as follows.

Pin =
V2

inD2Ts

2LN1
(56)

2.6.3. SWCDVD-CLBC

The losses of the capacitor C1, switch S1, diode D1, and coupled-inductor cell are
provided as follows.

PC−loss = I2
C1RC1 =

V2
inD2T2

s (n − 1)2(1 − D)2RC1

(n − 1)2n4L2
N1

(57)

PS−loss = ISVSD =
D2TsVinVSD
2(n − 1)LN1

(58)

PD−loss = ID1 VSD =
VinDTs(n − 1 + D)VSD

2(n − 1)n2LN1
(59)

PCL−loss = I2
N1RN1 + I2

N2 RN2 =
V2

inD2T2
s (n − 1 + D)2(RN1 + RN2)

4(n − 1)n4L2
N1

(60)

Therefore, efficiency is provided as follows.

η =
Pin − PC−loss − PS−loss − PD−loss − PCL−loss

Pin
(61)

where Pin is input power, calculated as follows.

Pin =
V2

inDTs(n − 1 + D)

2(n − 1)n2LN1
(62)

3. Results
The hardware structure of the proposed three converters is established and displayed

in Figure 16, and their detailed device specifications are given in Table 4.
Figure 17 displays the experimental waveforms of the proposed PWCDVD-CLBC.

Figure 17a shows the experimental waveforms of the voltages of the capacitors (Co and C1).
The experimental values of the parameters mentioned above are approximately 292 V and
156 V. Figure 17b describes the experimental waveforms of the windings (N1 and N2), and
these waveforms are consistent with the theoretical operational status shown in Figure 6a,b.
As described in Figure 17b, the current ranges of windings (N1 and N2), respectively, vary
from 1 A to 13 A and −5 A to 2 A. Figure 17c shows the experimental waveforms of the
voltages of the diodes (Do and D1), whose experimental peak values are about 291 V and
196 V. Figure 17d–f shows the theoretical waveforms.
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Figure 16. Experiment prototype.

Table 4. Experiment device’s specifications.

Parameter Description Experiment/Value

Input Voltage Vin 80 V
Output Voltage Vo 300 V, 200 V, 200 V

Switch frequency f 50 kHZ
Duty ratio D 0.2

Output power P 300 W
Capacitor C1 240 uF
Capacitor Co 440 uF

Magnetic core material / PC40
Maximum magnetic flux density Bs 0.4 T

Hysteresis loss coefficient Ch 1 × 10−7/mT
Effective permeability µe 2400 ± 20%

Turn ratio n 16:8
Diode D1 SF1005G (10 A/300 V)
Diode Do MUR1070 (1.5 A/700 V)
Switch S1 IPW65R019C7

MOSFET driver / HCPL3120

Figure 18 displays the experimental waveforms of the proposed SWCDVD-CLBC.
Figure 18a shows the experimental waveforms of the voltages of the capacitors (Co and C1),
whose experimental values are about 195 V and 77 V. Figure 18b shows the experimental
waveforms of the windings (N1 and N2); the waveforms align with the theoretical opera-
tional status shown in Figure 6c,d. Its current ranges of windings (N1 and N2), respectively,
vary from 0 A to 18 A and 1.5 to 12 A. Figure 18c shows the experimental waveforms of the
voltages of the diodes (Do and D1), whose experimental peak values are about 194 V and
97 V. Figure 18d–f shows the theoretical waveforms.

Figure 19 displays the experimental waveforms of the proposed FPWCDVD-CLBC.
Figure 19a shows the experimental waveforms of the voltages of the capacitors (Co and C1),
whose experimental values are about 196 V and 78 V. Figure 19b provides the experimental
waveforms of the windings (N1 and N2), and these waveforms are consistent with the
theoretical operational status shown in Figure 6e,f. Its current ranges of windings (N1 and
N2), respectively, vary from 0 A to 17 A and −2 to 7 A. Figure 19c shows the experimental
waveforms of the voltages of the diodes (Do and D1), whose experimental peak values are
about 195 V and 98 V. Figure 19d–f shows the theoretical waveforms.
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(a) (b) (c) 

   
(d) (e) (f) 

Figure 17. The experimental results of the proposed PWCDVD-CLBC’s (a) voltages of capacitors (C1
and Co), (b) currents of windings (N1 and N2), and (c) voltages of diodes (D1 and Do). The theoretical
results of the proposed PWCDVD-CLBC’s (d) voltages of capacitors (C1 and Co), (e) currents of
windings (N1 and N2), and (f) voltages of diodes (D1 and Do).

   
(a) (b) (c) 

   
(d) (e) (f) 

Figure 18. The experimental results of the proposed SWCDVD-CLBC’s (a) voltages of capacitors (C1

and Co), (b) currents of windings (N1 and N2), and (c) voltages of diodes (D1 and Do). The theoretical
results of the proposed PWCDVD-CLBC’s (d) voltages of capacitors (C1 and Co), (e) currents of
windings (N1 and N2), and (f) voltages of diodes (D1 and Do).
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(a) (b) (c) 

   
(d) (e) (f) 

Figure 19. The experimental results of the proposed FPWCDVD-CLBC’s (a) voltages of capacitors (C1

and Co), (b) currents of windings (N1 and N2), and (c) voltages of diodes (D1 and Do) The theoretical
results of the proposed PWCDVD-CLBC’s (d) voltages of capacitors (C1 and Co), (e) currents of
windings (N1 and N2), and (f) voltages of diodes (D1 and Do).

In summary, the experimental results are very close to the theoretical values and
confirm the performance and feasibility of the proposed topologies.

An efficiency test for the proposed three converters was conducted, whose turn ratios
are 2 and 1.5. The corresponding power range is between 50 W and 350 W. Figure 20 shows
the efficiency curves of theoretical efficiency and experimental efficiency. In Figure 20, the
experimental efficiency value is slightly higher and close to the theoretical efficiency value.
All proposed converters can obtain a higher efficiency since their topologies utilize a lower
component count. The magnetizing inductance LM and leakage inductance Lk are crucial to
energy transfer in the coupled-inductor cells. If the core saturates, the inductance values
will drop significantly, and the inductor cannot store or transfer the expected energy, which
results in a reduced voltage gain and lower output voltage than designed. The paper’s
efficiency calculations (Equations (49), (55) and (61)) assume linear inductance behavior.
Once core saturation sets in, effective inductance drops. The current increases to maintain
power, causing higher conduction and switching losses.

 

   (a)                         (b) 

Figure 20. Efficiency (a) n = 2 and (b) n = 1.5.
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4. Discussion
By moving the switch device of the proposed converters forward and keeping the

original charging and discharging path invariant, the topology extension of the proposed
three converters is shown in Figure 21, which lowers the switch voltage stresses to a
large degree and maintains the same voltage gain. The generalized structure variation is
described in Figure 22. (* represents the homonymous end of the coupling inductance).

S1

D1

N1 N2

Vin

Do

Co R

C1

D1

N1

N2

Vin

Do

Co R
S1

C1

 
(a) (b) 

C1

D1

N1
N2

Vin

Do

Co R
S1

 

 

(c)  

Figure 21. Topology extension: (a) PWCDVD-CLBC, (b) SWCDVD-CLBC, and (c) FPWCDVD-CLBC.

Vin
Co

R

Do

Vin
Co

Do

RS1

Figure 22. Generalized structure variation.

5. Conclusions
This paper proposes a family of voltage-doubling coupled-inductor boost converters—

PWCDVD-CLBC, FPWCDVD-CLBC, and SWCDVD-CLBC—where the voltage gains and
turn ratios for the PWCDVD-CLBC and FPWCDVD-CLBC have proportional relations, and
the SWCDVD-CLBC has an inversely proportional relation, which was designed for high-
voltage gains, continuous input current, and a reduced component count. By exploiting
different winding configurations, the proposed topologies demonstrate superior perfor-
mance in terms of efficiency, voltage stress, and shoot-through current, as validated through
theoretical analyses, simulations, and experimental results. The practical implications are
significant for applications requiring compact and efficient DC/DC conversion, such as
renewable energy systems and electric vehicle charging infrastructures. Also, different
topologies have varying efficiencies under different output power ranges when the turn
ratio is adjusted. Finally, the experimental results of the proposed converters verify the
correctness of the theoretical analysis.

Author Contributions: Conceptualization, Y.J. and S.J.; methodology, Y.L.; software, Y.J.; validation,
Y.J., S.J. and Y.L.; formal analysis, Y.J., S.J. and Y.L.; writing—original draft preparation, Y.J.; writing—
review and editing, Y.J. and S.J.; funding acquisition, Y.L. All authors have read and agreed to the
published version of the manuscript.



Electronics 2025, 14, 2659 20 of 21

Funding: This research is supported by the National Natural Science Foundation of China under grant
62301138, the Fundamental Research Funds for the Central Universities under grant 2572024BR47,
and the Heilongjiang Province Postdoctoral general program under grant LBH-Z24039.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Safayatullah, M.; Elrais, M.T.; Ghosh, S.; Rezaii, R.; Batarseh, I. A Comprehensive Review of Power Converter Topologies and

Control Methods for Electric Vehicle Fast Charging Applications. IEEE Access 2022, 10, 40753–40793. [CrossRef]
2. Zeng, H.; Peng, F.Z. SiC-Based Z-Source Resonant Converter with Constant Frequency and Load Regulation for EV Wireless

Charger. IEEE Trans. Power Electron. 2017, 32, 8813–8822. [CrossRef]
3. Zeng, H.; Wang, X.; Peng, F.Z. High power density Z source resonant wireless charger with line frequency sinusoidal charging.

IEEE Trans. Power Electron. 2018, 3, 10148–10156. [CrossRef]
4. Ji, Y.; Feng, Y.; Wheeler, P. High Step-Up Y-Source Coupled-Inductor Impedance Network Boost DC-DC Converters with Common

Ground and Continuous Input Current. IEEE J. Emerg. Sel. Top. Power Electron. 2020, 8, 3174–3183. [CrossRef]
5. Anderson, J.; Peng, F.Z. Four quasi-Z-source inverters. In Proceedings of the 2008 IEEE Power Electronics Specialists Conference,

Rhodes, Greece, 5–19 June 2008; pp. 2743–2749.
6. Bajestan, M.M.; Shamsinejad, M.A. Extended boost trans-Z-source inverter. In Proceedings of the 2017 8th Power Electronics,

Drive Systems & Technologies Conference (PEDSTC), Mashhad, Iran, 14–16 February 2017; pp. 131–136.
7. Jagan, V.; Kotturu, J.; Das, S. Enhanced-Boost Quasi-Z-Source Inverters with Two Switched Impedance Network. IEEE Trans. Ind.

Electron. 2017, 64, 6885–6897. [CrossRef]
8. Gu, Y.; Chen, Y.; Zhang, B. Enhanced-Boost Quasi-Z-Source Inverter with An Active Switched Z-Network. IEEE Trans. Ind.

Electron. 2018, 65, 8372–8381. [CrossRef]
9. Abbasi, M.; Eslahchi, A.H.; Mardaneh, M. Two Symmetric Extended-Boost Embedded Switched-Inductor Quasi-Z-Source Inverter

with Reduced Ripple Continuous Input Current. IEEE Trans. Ind. Electron. 2018, 65, 5096–5104. [CrossRef]
10. Fathi, H.; Madadi, H. Enhanced-Boost Z-Source Inverters with Switched Z-Impedance. IEEE Trans. Ind. Electron. 2016, 63, 691–703.

[CrossRef]
11. Hakemi, A.; Sanatkar-Chayjani, M.; Monfared, M. ∆-Source Impedance Network. IEEE Trans. Ind. Electron. 2017, 64, 7842–7851.

[CrossRef]
12. Esmaeili, S.; Sheikholeslami, A. Transformer types of extended Z-source inverter with high voltage gain and reduced transformer

turns ratio. In Proceedings of the 6th Power Electronics, Drive Systems & Technologies Conference (PEDSTC2015), Tehran, Iran,
3–4 February 2015; pp. 183–188.

13. Loh, P.C.; Blaabjerg, F. Magnetically coupled impedance-source inverters. IEEE Trans. Power Electron. 2013, 49, 2177–2187.
[CrossRef]

14. Siwakoti, Y.P.; Loh, P.C.; Blaabjerg, F.; Town, G. Y-source impedance network. In Proceedings of the 2014 IEEE Applied Power
Electronics Conference and Exposition-APEC 2014, Fort Worth, TX, USA, 16–20 March 2014; pp. 3362–3366.

15. Ieong, C.-F.; Leong, C.-H.; Kong, X.; Wong, C.-K.; Lam, C.-S. Effects of Parasitic Resistances on Π-Source Impedance Network.
IEEE Access 2021, 9, 76403–76412. [CrossRef]

16. Nguyen, M.K.; Lim, Y.C.; Park, S.J. Improved trans-Z-source inverter with continuous input current and boost inversion capability.
IEEE Trans. Power Electron. 2013, 28, 4500–4510. [CrossRef]

17. Eshkevari, A.L.; Mosallanejad, A.; Sepasian, M. A New Step-Up DC/DC Converter Based on LCCT Z-Source and Switched-
Capacitor Cell. In Proceedings of the 2020 11th Power Electronics, Drive Systems, and Technologies Conference (PEDSTC),
Tehran, Iran, 4–6 February 2020; pp. 1–6.

18. Yam, P.; Blaabjerg, F.; Loh, P.C. Quasi-Y-source inverter. In Proceedings of the 2015 Australasian Universities Power Engineering
Conference (AUPEC), Wollongong, Australia, 27–30 September 2015; pp. 1–5.

19. Yuan, J.; Mostaan, A.; Yang, Y.; Siwakoti, Y.P.; Blaabjerg, F. A Modified Y-Source DC-DC Converter With High Voltage-Gains and
Low Switch Stresses. IEEE Trans. Power Electron. 2020, 35, 7716–7720. [CrossRef]

20. Siwakoti, Y.; Blaabjerg, F.; Loh, P.C. New magnetically coupled impedance (Z-) source networks. IEEE Trans. Power Electron. 2016,
31, 7419–7435. [CrossRef]

21. Sharif, S.; Chulaee, Y.; Zarchi, H.A.; Monfared, M. Generalized Three-Winding Switched-Coupled-Inductor Impedance Networks
With Highly Flexible Gain. IEEE Trans. Ind. Electron. 2021, 68, 2130–2141. [CrossRef]

22. Nguyen, M.K.; Le, T.V.; Park, S.J.; Lim, Y.C. A class of quasi switched boost inverters. IEEE Trans. Ind. Electron. 2015, 62, 1526–1536.
[CrossRef]

https://doi.org/10.1109/ACCESS.2022.3166935
https://doi.org/10.1109/TPEL.2016.2642050
https://doi.org/10.1109/TPEL.2018.2806919
https://doi.org/10.1109/JESTPE.2019.2892499
https://doi.org/10.1109/TIE.2017.2688964
https://doi.org/10.1109/TIE.2017.2786214
https://doi.org/10.1109/TIE.2017.2779433
https://doi.org/10.1109/TIE.2015.2477346
https://doi.org/10.1109/TIE.2017.2698421
https://doi.org/10.1109/TIA.2013.2262032
https://doi.org/10.1109/ACCESS.2021.3082401
https://doi.org/10.1109/TPEL.2012.2233758
https://doi.org/10.1109/TPEL.2020.2964153
https://doi.org/10.1109/TPEL.2015.2459233
https://doi.org/10.1109/TIE.2020.2972455
https://doi.org/10.1109/TIE.2014.2341564


Electronics 2025, 14, 2659 21 of 21

23. Nguyen, M.; Young-Cheol, L.; Joon-Ho, C.; Youn-Ok, C. Trans-switched boost inverters. IET Power Electron. 2016, 9, 1065–1073.
[CrossRef]

24. Ye, Y.; Xu, S.; Chen, S.; Wang, X.; Cao, L. High-Gain Quasi-Switched Boost Inverter with Single Inductor and Continuous Input
Current. IEEE Trans. Power Electron. 2022, 37, 10106–10111. [CrossRef]

25. Sharifi, S.; Monfared, M. Series and Tapped Switched-Coupled-Inductors Impedance Networks. IEEE Trans. Ind. Electron. 2018,
65, 9498–9508. [CrossRef]

26. Pan, L. L-Z-source inverter. IEEE Trans. Power Electron. 2014, 29, 6534–6543. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1049/iet-pel.2015.0202
https://doi.org/10.1109/TPEL.2022.3166805
https://doi.org/10.1109/TIE.2018.2823694
https://doi.org/10.1109/TPEL.2014.2303978

	Introduction 
	Proposed Topologies and Analysis 
	Proposed Topologies 
	PWCDVD-CLBC 
	FPWCDVD-CLBC 
	SWCDVD-CLBC 

	Math Derivation and Performance Analysis 
	PWCDVD-CLBC 
	FPWCDVD-CLBC 
	SWCDVC-CLBC 

	Parameter Design and Performance Comparison 
	PWCDVD-CLBC 
	FPWCDVD-CLBC 
	SWCDVD-CLBC 

	Comparative Analysis 
	Voltage Gain Analysis 
	PWCDVD-CLBC 
	FPWCDVD-CLBC 
	SWCDVD-CLBC 

	Efficiency Calculation 
	PWCDVD-CLBC 
	FPWCDVD-CLBC 
	SWCDVD-CLBC 


	Results 
	Discussion 
	Conclusions 
	References

