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ABSTRACT An ultra-high gain DC-DC converter with single-switch structure is introduced in this paper.
Full soft-witching is provided by simultaneous use of quasi-resonant performance of one resonant tank and
leakage inductance of a three-winding coupled inductor (CI). Adopting the secondary and tertiary windings
of the CI in separated voltage multiplier cells enables the converter to provide ultra-high voltage gain. The
reverse recovery problem is resolved thanks to the quasi zero current switching performance of nearly all
diodes, especially output diode because of the second resonant tank, so the total electromagnetic interference
is significantly reduced. Continuous input current with low ripple expands the application of the proposed
converter, especially in renewable energy applications. Steady-state performance and design considerations
of the introduced converter are analyzed thoroughly and compared with recently introduced converters
to establish its merits. Experimental results of a 200 W prototype are given to validate its analysis and
performance.
INDEX TERMS DC-DC power converter, coupled inductor, full soft-switching, single switch structure,
ultra-high step-up converter.

I. INTRODUCTION

Replacing fossil fuel-based power generation with renewable and emission-free resources is exceedingly prevalent in
both developed and developing countries [1]. Renewablebased systems require special considerations, systems, and
provisions. For example, using step-up DC-DC converters is
unavoidable in the systems that use photovoltaic cells and fuel
cells due to the need for the conversion of their low output
voltage to a level suitable for collection and integration.
Conventional boost converter topologies fall short because
they are not able to provide adequately high voltage gains
with low duty cycle and low losses. Therefore, high voltage
gain converters with special topologies are needed to boost
low voltages to the desired levels in an efficient and viable
manner [2]. Adding Voltage Multiplier Cells (VMCs), Coupled Inductors (CIs), Switched Capacitor Modules (SCMs),
The associate editor coordinating the review of this manuscript and
approving it for publication was Sze Sing Lee
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and cascaded cells to the conventional boost structures provide opportunities to obtain higher output voltage gains.
Obviously, each method has merits and drawbacks that may
force the designer to select a suitable combination of them.
Low number of components (especially active ones), high
efficiency, simple control system, low number of operational
modes, high power density, and operating in relatively small
duty cycles are the most important factors of a well-designed
high-gain DC-DC converter; in addition, soft switching performance of the converter solves many problems such as low
efficiency and Electromagnetic Interference (EMI) issues.
Moreover, any pulsed input current and large input current
ripple may have adverse impacts on the renewable source’s
performance. Isolated current type converters are suggested
to solve problems caused by large input current ripple but the
need for isolated feedback sensors restricts their application.
In recent years, various step-up converters have been
introduced. The converters introduced in [3]–[5] have low
losses and low switch voltage stress because of their single
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switch structure, passive clamp cells and the zero current
switching (ZCS) performance. However, their limited voltage
gain range limits their application. The interleaved converters
suggested in [6], [7] use CIs to achieve high gains, but the
use of extra switches for soft switching purposes increases
their cost, size, and complexity. Authors in [8]–[10] achieve
soft-switching performance without extra switches, but the
designed converters’ limited voltage gain is their main drawback. The converters proposed in [11] and [12] gain from
single switch structure and passive clamp circuit, respectively. However, their need for high duty cycles and increased
CI turns ratio due to their low voltage gain are their main
disadvantages. In [13] the authors suggest a double switch
soft switching converter with decreased switching losses.
In addition to the increased conduction losses of the extra
switch, the required considerations for control of switches
result in control system complexities. In [14] a soft-switched
converter is introduced that provides high voltage gain and
reduced switch voltage stress. However all the circuit diodes
are hard switched. The interleaved converters with improved
voltage gain considered in [15], [16] have noticeable EMI
and several operational modes. The three-phase interleaved
converter introduced in [17] provides isolated high output
voltage, but it is expensive and bulky because of the switches
and CI in each phase.
Input current ripple can be increased by using CIs at the
input of the converter. This issue causes significant input
current ripple in the ultra-high gain converters introduced
in [18]–[21] with input-side CIs. The converter proposed
in [22] provides high gain with soft switching performance,
but its large input current ripple and high conduction losses
(due to its need for higher duty cycle) are its disadvantages.
The converter introduced in [23] has the ability to boost
the input voltage with a high gain. Although it has reduced
switch voltage stress, its large input current ripple limits its
application for renewable resources. Authors in [24] alleviate input current ripple with increased voltage gain ratio,
at the cost of high component counts and limited duty cycle
range.
In order to fulfill the aforementioned goals, an ultra-high
gain fully soft-switching DC-DC converter (UHFSC) is introduced in this paper. The quasi soft switching performance
of the only switch and most of the diodes, especially the
output diode, decreases power losses and enhances the converter’s efficiency. Moreover, the reverse recovery problem
is eliminated, leading to less EMI. Two resonant tanks with
quasi-resonant performance are adopted to achieve zero voltage switching (ZVS) and zero current switching (ZCS) performance of the switch and output diode, respectively, during
turn ON and OFF times. The leakage inductance of the threewinding CI helps the switch to turn ON under ZCS condition
and its energy is recycled and transmitted to the output port
via the used passive clamp circuit. Two VMCs are adopted,
which consist of the secondary and tertiary windings of the
CI and provides ultra-high gain ratio. Another noteworthy
feature of the UHFSC is its continuous input current with
VOLUME 10, 2022

FIGURE 1. Circuit configuration of the UHFSC.

FIGURE 2. Operational waveforms of the UHFSC in CCM.

low ripple that makes it suitable for sensitive inputs such as
renewable sources.
The rest of the paper is organized as follows. Operation
principle description and steady-state analysis of the UHFSC
is done in section II. Comparative study of the proposed converter with recently introduced converters is accomplished in
section III. Components design guidance and experimental
results of a 200 W prototype are brought in sections IV and V,
respectively, and power loss analysis of the implemented
prototyped is done in section VI. Finally, the conclusion of
the paper is given in section VII.
II. UHFSC ANALYSIS

The UHFSC structure is depicted in Fig. 1. According to that,
the proposed single-switch structure includes one CI with
three windings, primary resonant tank consists of L1 , D1 , D2 ,
and Cr1 , and secondary resonant tank consists of Cr2 and
Lk . Two VMCs are also utilized to boost output voltage level
consists of capacitors C2 ∼C5 and diodes D4 ∼D7 in addition
to the secondary and tertiary windings of CI. Additionally,
two capacitors (C1 and CO ) and two diodes D3 and DO are
used in the structure of the UHFSC.
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A. OPERATION PRINCIPLE

Detailed description of the operation modes of the UHFSC is
presented in this section in the continuous conduction mode
(CCM). Typical operational waveforms of different components of the UHFSC are depicted in Fig. 2.
Some assumptions are considered to simplify CCM operation analysis, which are:
1- There is ignorable capacitor voltage and inductor current ripple value due to their large size.
2- Ideal switching components are used.
3- An ideal transformer with three windings is used
instead of the CI with the turn ratios of n2 =
N2 /N1 and n3 = N3 /N1 that its magnetizing inductor
(Lm ) and leakage inductor (Lk ) are connected in parallel
and series with the primary side, respectively, and the
coupling coefficient (Lm /Lm + Lk ) is assumed k.
Mode 1 (t0 < t < t1 ): At the time of t0 , the switch S is turned
ON at ZCS condition due to the Lk performance. The input
inductor Lin and L1 are magnetized by Vin and the voltage
of the Cr1 , respectively. The voltage of Cr2 is discharged
to magnetizing and leakage inductors. In this condition, the
diodes D4 and D5 conduct due to the primary winding of CI
affected by the previous mode and capacitors C2 and C3 are
charged, consequently. Additionally, as depicted in Fig. 2,
current of diode D1 increases slowly due to the quasi-resonant
performance of Cr1 and L1 . As shown in Fig. 3(a), this mode
can be described by below equations:
D
VLin
= Vin


Lm
D
VCr2 = kVCr2
VLm =
L + Lk
 m

Lk
D
VLk
=
VCr2 = (1 − k)V Cr2
Lm + Lk
D
VL1
= Vcr1
Vcr1
IL1 =
sin (ωr1 (t − t0 ))
Zr1 Z
1
Vcr1 =
IL1 dt
Cr1
p
1
, Tr1 = 2π L1 Cr1
ωr1 = √
L C
s 1 r1
L1
Zr1 =
Cr1

(1)

D
= n2 kVCr2
VND2 = n2 VLm

(9)

VND3

=

D
n3 VLm

= n3 kVCr2

(2)
(3)
(4)
(5)
(6)
(7)
(8)

(10)

It should be noted that X D indicates the X value during the
switch ON-state time interval.
Mode 2 (t1 < t < t2 ): This mode starts as soon as the current
direction of the primary winding is changed which leads to
forward biased condition of the D6 with a gentle slope as
shown in Fig. 2, so the capacitor C5 is charged with C1 , C2 ,
C3 , and the energy of secondary winding of CI (Fig. 3(b)), so:
VC5 = VC1 + VC2 + VC3 + VND2
33484
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FIGURE 3. The operation modes of the UHFSC (a) Mode1 (b) Mode2
(c) Mode3 (d) Mode4 (e) Mode5 (f) Mode6 (g) Mode7 (h) Mode8
(i) Mode9.

Mode 3 (t2 < t < t3 ): In this time interval, the output
diode DO is turned ON due to the C5 voltage rise as shown
in Fig. 3 (c).
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Mode 4 (t3 < t < t4 ): By increasing the voltage of the
capacitor C5 to a specific level, the diode D6 is reversed
biased but the diode DO continuous to conduct (Fig. 3(d)).
So:
VO = VC1 + VC2 + VND2 + VC3 + VND3 + VC4

(12)

Mode 5 (t4 < t < t5 ): In this mode, diode D1 is turned OFF
due to the finishing of the quasi-resonant performance of L1
and Cr1 so its current reaches zero automatically and gently.
Other conditions are as same as previous mode.
Mode 6 (t5 < t < t6 ): At t = t5 , the power switch S
is turned OFF and the diode D2 conducts and Cr1 and Cr2
are charged by leakage current, consequently. As illustrated
in Fig. 2, the gentle charging process of the Cr1 leads to a
gentle rise in the switch voltage so ZVS performance of the
switch is provided thank to the primary resonant tank consists
of L1 , Cr1 , D1 , and D2 . As a result, power loss dissipation
is impressively decreased. This mode lasts until the increase
of the Cr2 voltage to a specific level and diode D2 turning
OFF. As depicted in Fig. 3(f), simultaneously with the state
changing of the S, the resonance of the secondary resonance
tank is finished and provides the chance for the output diode
DO to be turned OFF at ZCS condition. In this condition the
voltage of Lin and Lm can be written as:
D0
VLin
D0
VLm

= Vin − VCr1 − VCr2

(13)

= −kVCr1

(14)

0

It should be noted that X D indicates the X value during the
switch OFF-state time interval.
Mode 7 (t6 < t < t7 ): By the begging of this mode, D2
is turned OFF and diodes D3 and D7 conduct, consequently.
As a result, the capacitors C1 ∼C4 are charged by the energy
of the Lin , Cr2 , Lm , and C5 . The diode D7 turn ON under ZCS
condition and this mode is finished as soon as the diode D3 is
turned OFF under ZCS condition (Fig. 3(g)).
0

D
VLin
= Vin − VC1
D0
VLm

(15)

= k(V cr2 − VC1 )

VC4 =

0
VC5 − VC1 − VC2 − VND2

(16)
0
− VC3 − VND3

(17)

Mode 8 (t7 < t < t8 ): Due to the voltage level increase of
capacitor C1 the diode D3 is turned OFF by the beginning
of this mode and the converter works in this mode by the
conditions shown in Fig.3(h) until the diode D7 is reversed
biased.
Mode 9 (t8 < t < t9 ): At the begging of this mode, finishing
the charging process of the capacitors C1 and C4 turns the
diode D7 OFF.
0
VND2
0
VND3

=
=

D0
n2 VLm
D0
n3 VLm

= −VC2 = −VC3

(18)
(19)

B. STEADY-STATE ANALYSIS

According to the above operation description and adopting
volt-second balance law to Lin , the voltage of C1 (VC1 ) is
VOLUME 10, 2022

obtained as:
Vin
(20)
D0
According to (20) and by utilizing the volt-second equilibrium axiom for magnetizing inductance VCr2 is obtained:
VC1 =

VCr2 = D0 VC1 = Vin

(21)
0

D
By substituting Equations (20) and (21) into (16) the VLm
is obtained as:
D
D0
= k(V Cr2 − VC1 ) = −k 0 Vin
VLm
(22)
D
To calculate the voltage of secondary and tertiary windings
during mode 9, (22) can be substituted into (18) and (19) what
leads to:
n2 kD
0
(23)
VND2 = − 0 Vin = −VC2 = −VC3
D
n3 kD
0
VND3 = − 0 Vin
(24)
D
Voltage of the secondary and tertiary windings during
switch ON-state can be calculated by substituting (21) into
(9) and (10):

VND2 = n2 kVCr2 = n2 kVin

(25)

VND3 = n3 kVCr2 = n3 kVin

(26)

Voltage of capacitor C5 (VC5 ) that is defined in (11) can be
calculated by using (20), (23), and (25):
1 + kn2 (1 + D)
Vin
D0
According to (17) and (27) the VC4 is obtained as:
VC5 =

0

0

VC4 = VND2 − VND2 − VND3

(27)

(28)

And according to (23), (24) and (25) the VC4 is obtained
as:
n2 kD
n3 kD
k(n2 + n3 D)
VC4 = n2 kVin +
Vin +
Vin =
Vin
D0
D0
D0
(29)
By substituting (20), (23), (25), (26) and (28) into (12) the
nominal gain of the UHFSC is obtained:
VO
1
= 0 (1 + k(n2 + n3 ) + n2 (1 + kD))
Vin
D

(30)

Assuming ideal condition (k = 1), the voltage gain of the
UHFSC is determined as (31) and plotted in Fig. 4(a):
VO
1
= 0 (1 + n2 + n3 + n2 (1 + D))
Vin
D

(31)

Using the attained voltage of capacitors and voltage gain
equations, the voltage stress of semiconductors are calculates
as follows:
Vin
VS = VD2 = V D3 = VC1 = 0
(32)
D
VD1 = Vin
(33)
Vin
VD4 = VD5 = n2 0
(34)
D
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VD6 = (n2 D0 + n3 D)

Vin
D0

(35)

Vin
(36)
D0
As inferred from (32), the turn ratio of the CI does not
affect the switch voltage stress so it is possible to provide a
high output voltage with high CI turn with a low voltage-rate
power switch that leads to low drain to source resistance
and conduction loss reduction. Normalized voltage stress of
switches and diodes are plotted in Fig. 4(b)-(c), respectively.
As mentioned above, the current of inductors are assumed
ripple-free due to their large size. By considering lossless
converter, below equations are obtained [9]:
VD7 = VDO = (n2 + n3 )

Iin ≈ Iin(avg) = Gm I O
Ilm ≈ Ilm(avg) = (n2 + n3 )IO

(37)
(38)

where Gm is the converter voltage gain (Gm = VO /Vin ). The
current of diodes is as follows:
DVin
(39)
ID1(peak) ≈ 0
D Zr1
DVin
(40)
ID2(peak) ≈ (Gm + n2 + n3 ) IO + 0
D Zr1
ID3(peak) ≈ (Gm + n2 + n3 )IO
(41)
(Gm + n2 )IO
ID4(peak) = ID5(peak) ≈
(42)
2n2
2IO
(43)
ID6(peak) ≈
D
2Io
ID7(peak) ≈ 0
(44)
D

FIGURE 4. (a) Voltage gain (b) normalized switch voltage stress
(c) normalized output diode voltage stress of the UHFSC as a function of
turn ratios with D = 0.5.

IDo(peak) ≈

πTs IO
πIO
≈
Tr2
2D

(45)

The switch current is approximately equal to:
DVin
πTs IO
sin (ωr1 t) +
sin (ωr2 t)
D0 Zr1
Tr2
p
(46)
, Tr2 = 2π Llk Cr2

IS ≈ Iin + Ilm +
ωr2 = √

1
Llk Cr2

TABLE 1. Comparison of the UHFSC and recently introduced converters.
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accumulative voltage stress of main switch(s), and output
diode(s) are plotted in Fig. 5 (c)-(d), respectively. What stands
from these graphs is that the UHFSC suffers from lower
switch and diode voltage stress compared to the listed converters (except the output diode voltage stress of [30] for
D < 0.5) a feature that increases the converter efficiency due
to the drop in the conduction loss of the switch and diodes.
Additionally, it decreases converter cost because of the drop
in the switch and diodes voltage rating.
At first glance, it would seem that the number of diodes
and capacitors of the UHFSC restricts its performance but:
1- Components of the primary resonant tank (L1 , Cr1 , D1 ,
and D2 ) have low voltage and current rates so they
are much smaller than regular components of a power
converter.
2- Quantity of capacitors and (or) diodes of the UHFSC
is equal or less than capacitors and diodes of several
recently introduced structures such as mentioned converters in [15], [31]–[34].
3- The UHFSC needs low-capacity capacitors so there
is not any bulk capacitor in the proposed structure.
Additionally, the low number of electrolytic capacitors
expands the converter’s lifetime.
4- Diodes, especially output diode, have ZCS performance
and reduced voltage stress, this feature provides the
chance to select lower voltage rating diodes with eliminated reverse recovery problems.
FIGURE 5. Comparison of specifications of the converters tabulated in
Table 1.

In this way, the MOSFET maximum current and the RMS
(Root-Mean-Square value) current is equal to (47):
IS(peak) ≈ (Gm + n2 + n3 )Io +

DVin
N πTs IO
+
D0 Zr1
Tr2

(47)

III. COMPARISON

The performance and main characteristics (number of components, soft switching performance, the ability to alleviate
input current ripple, voltage gain ratio, and the accumulative
voltage stress of the main switch(s) and output diode(s)) of the
UHFSC are compared with the recently introduced converters
and results are tabulated in Table 1. In order to have a fair
comparison, high gain DC-DC converters with three-winding
CI(s) are selected and analyzed.
To analyze the application of each converter in renewablebased systems, the input current ripple (ICR) value is evaluated according to the structure and performance of the
converters. Main performance indicators of the converters
including voltage gain, normalized accumulative voltage
stress of main switch(s), and output diode(s) are given in
Table 1. Voltage gain of the converters as a function of duty
cycle and turn ratio are illustrated in Fig. 5 (a)-(b). As it
can be seen, the proposed converter has superior voltage gain
in comparison to other converters. Additionally, normalized
VOLUME 10, 2022

IV. CONVERTER DESIGN GUIDANCE

In this section, design guidance of the UHFSC passive components is accomplished by calculating related formulas.
Additionally, their values are obtained for a 200 W converter
with 20 V input voltage and duty cycle equal to 0.5 that is
operated with 50 kHz switching frequency.
A. INPUT FILTER DESIGN (Lin )

The input inductor should be designed according to desired
maximum input current ripple. Considering 15% input current ripple, minimum value of the Lin is calculated as:
LLin =

Vin D
Vin D
→ LLin >
→ LLin > 130 µH (48)
1Iin fs
0.15Iin fs

B. CAPACITOR DESIGN

The size of capacitors is responsible for their voltage ripple.
By assuming capacitors average current equal to output current and 0.1% voltage ripple for C1 and CO and 4% voltage
ripple for C2 ∼C5 , minimum size of capacitors are obtained
as:
PO
PO D0
→ C1 >
VO 1Vc1 fs
VO 0.001Vin fs
→ C1 > 256.41 µF
PO
PO D0
C2.3 =
→ C2.3 >
VO 1Vc2 fs
VO 0.04n2 DVin fs
→ C2.3 > 5.12 µF
C1 =

(49)

(50)
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FIGURE 6. Photograph of implemented prototype.

PO D0
PO
→ C4 >
VO 1Vc4 fs
VO 0.04(n2 + n3 D)Vin fs
(51)
→ C4 > 3.41 µF
PO
PO D0
C5 =
→ C5 >
VO 1Vc5 fs
VO 0.04 (1+n2 (1+D)) Vin fs (52)
→ C5 > 2.70µF
PO
PO
CO =
→ CO >
VO 1VCO fs
VO 0.001VO fs
(53)
→ CO > 26.30 µF
C4 =

C. COUPLED INDUCTOR MAGNETIZING INDUCTANCE
DESIGN (Lm )

By assuming 50% current ripple, minimum size of the magnetizing inductance is calculated as:
Vin D
Vin D
ILm =
→ ILm >
→ LLm
1ILm fs
0.5(n2 + n3 )IO fs
> 156.25 µH
(54)
D. RESONANCE COMPONENTS DESIGN

The resonance capacitor Cr1 plays the main role in switch
ZVS performance during turning off and the higher value of
Cr1 capacitance will lead to reduced switching loss due to the
caused gentle slope of the voltage profile (t5 -t6 ). On the other
hand, according to equation (5), the higher the amount of Cr1 ,
the more the resonance current added to the switch, that leads
to significant losses on the switch due to the increased current.
By increasing inductance L1 , this current decreased, but the
following equation should also be considered:
Tr1 < Ts

(55)

The UHFSC is designed for boundary-resonant mode to
reduce output diode switching losses and resolve its reverse
recovery problems. According to [9] the size of the Cr2 can
be calculated by using below equation:
p
π Llk Cr2 = DTs → Cr2 =

D2
π 2 Llk fs2

(56)

It should be noted that the amount of Llk depends on how
coupled inductor winding is wrapped.
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FIGURE 7. Experimental voltage and current waveforms of the (a) input
port, (b) output port, (c) input inductor (Lin ), (d) power switch, (e) D1 ,
(f) D2 , (g) D3 , (h) D6 , (i) D7 , (j) DO , (k) Cr1, (l) Cr2; and (m) nominal and
experimental output voltages.
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that with practical voltage gain, nominal and experimental
prototype output voltages are illustrated in Fig. 7(m).
It should be noted that as shown in Fig. 6, components
of the primary resonant tank (L1 and Cr1 ) have very low
volumes.
VI. POWER LOSS CALCULATION

FIGURE 8. Efficiency of implemented prototype with respect to (a) duty
cycle (b) load.

FIGURE 9. Power loss distribution of the implemented prototype.

V. EXPERIMENTAL RESULTS

To confirm features of the UHFSC, a laboratory prototype
shown in Fig. 6 at PO = 200 W is implemented and tested.
Experimental results are shown in Fig.7, where the converter
is operated with fS = 50 kHz. The power switch is a
NCEP85T14 MOSFET with 4.1 m on-resistance and schottky diodes MBR20100CT with VF = 0.72 V, MBR20200CT
with VF = 0.78 V, and superfast recovery diode SF1005G
with VF = 1.3 V are selected for D1 ∼D3 , D4 ∼D7 , and DO ,
respectively. A three windings CI with turn ration equal to 2.5
(N1 :N2 = N1 :N3 = 20:50) and ETD 49/25/16 Ferrite Core
is utilized. Magnetizing and leakage inductances are equal to
160 µH with PSTPST winding and 1 µH, respectively. Lin
is a 150 µH inductance with 28 turns wrapped on double
T157-52 iron powder core. L1 is a 100 µH inductance with
40 turns wrapped on T68-26 iron powder core. The capacitors
are chosen as: C1 = 330 µF, 100 V, C2 = C3 = 8.2 µF,
63V (MKT), C4 = C5 = 4.7 µF, 250 V (POL), CO =
68 µF, 400 V, Cr1 = 82 nF (MKT), and Cr2 = 8.2 µF,
63 V (MKT). The input voltage is 20 V and measured output
voltage is approximately 385 V. It should be noted that the
results are synced according to the trigger sign that can be
seen on the top of the oscilloscope frame. Input and output
voltage and current waveforms are depicted in Fig. 7 (a)-(b),
respectively. The continuous current of the input inductor Lin
and its voltage are shown in Fig. 7(c). Drain-source voltage
and current of the power switch is demonstrated in Fig. 7(d)
which clarifies the full soft-switching performance of that.
The ZCS performance of the diodes at turn-off and(or) turnon times are illustrated in Fig. 7(e)-(j) that contain voltage and
current of each diode. It is worth mentioning that the quasiresonant performance of the output diode leads to a constant
spike-free output voltage. Voltage of the resonance capacitors
(Vcr1 and Vcr2 ) are also given in Fig. 7(k)-(l). To assess
the accuracy of the obtained ideal voltage gain and compare
VOLUME 10, 2022

The assessment of power loss of converters is a vital step
during designing process. Each component of the converter
has individual power loss value that should be calculated
according to the converter specifications. In this section,
power loss analysis is done for the UHFSC at PO = 200 W
according to the details given in section V.
Power loss of the power switch consists of switching and
conduction losses. The switching loss is eliminated in the
UHFSC due to its turn ON and OFF soft switching performance. Hence, the total switch loss is equal to the conduction
loss that can be calculated as:
2
= 0.803 W
Ploss(switch) = Ploss(conduction) = Rds(on) × Ids(RMS)
(57)

Because of the ZCS performance of the diodes, especially
output diode, ohmic and reverse recovery losses of diodes are
ignorable so total diodes losses is equal to the losses caused
by the voltage drop of them. So:
Ploss(diode) = Vforward

diode

× ID(average) = 3.47 W (58)

The third part of total power loss belongs to the capacitors
due to their equivalent series resistance (ESR) as:
2
Ploss(capacitor) = ESR × IC(RMS)
= 0.25 W

(59)

It should be noted the loss of the ESR of MKT capacitors
are negligible. The last part of power loss is caused by magnetic components that is divided into copper loss and core loss
(Hysteresis and Eddy Current losses). According to the used
cores datasheets the core loss of them are calculated as:
Ploss(core) = 4.458 W

(60)

Associated with the attained power losses, the efficiency of
the UHFSC is obtained as:
200
PO
=
= 95.7%
(61)
η=
PO + Ploss
208.981
Efficiency of the implemented prototype with respect to
duty cycle and load is plotted in Fig. 8. Additionally, power
loss distribution of the implemented prototype is shown in
Fig. 9.
VII. CONCLUSION

A non-isolated step-up DC-DC converter has been introduced
in this paper. Adding two VMCs to the secondary and tertiary
windings of the used three-winding CI makes it possible to
achieve ultra-high output voltage with a small duty cycle.
Two resonant tanks are adopted to provide full-soft switching performance of the switch and ZCS performance of the
diodes. This features make it possible to reduce switching and
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conduction losses and have a high-efficiency converter. Additionally, it eliminates reverse recovery problems and EMI
issues. The proposed converter is compared with recently
introduced three-winding DC-DC converters and its superlative ultra-high voltage gain ratio and low switch and diode
voltage stresses are proved. A 200 W prototype of the UHFSC
is implemented and experimental results validate its performance and features especially soft switching performance,
high efficiency, and continuous input current with minimal
ripple value.
According to the accomplished theoretical and experimental analysis, the proposed converter can be used in the PV- and
fuel cell-based systems due to its structural and operational
features, including low input current ripple, high voltage gain,
acceptable efficiency, and soft switching performance. It is
an efficient and proper candidate for medium power applications. The main obstacles in high power applications are
the increase of cost, volume, and losses of the converter due
to the coupled inductor volume rise, and increased losses of
VMCs components. Although this issues limit the high power
applications of this converter topology, in medium power
applications the issue can be dealt with proper component
selection.
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