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A New Two Input-Single Output High Voltage Gain
Converter With Ripple-Free Input Currents and

Reduced Voltage on Semiconductors
Pedram Chavoshipour Heris , Zahra Saadatizadeh , and Ebrahim Babaei , Senior Member, IEEE

Abstract—In this paper, a new non-isolated two-input single-
output dc–dc converter with high voltage gain is proposed. In the
proposed converter, there are two three-winding coupled inductors
used to achieve a high voltage gain and ripple-free input currents.
The proposed converter has two switches, and their control pulses
are the same as the control pulses of the two-phase interleaved
converters with a phase shift equal to 180◦. The voltage stresses
of switches and diodes are reduced and are always lower than
the high output voltage. The proposed converter is extendable to
a four-input single-output converter in which the switches have
the control pulses the same as those in four-phase converters with
phase shifts equal to 90◦. In this paper, the proposed topology is
analyzed in all operating modes, and the values of current and volt-
age stresses of all switches and diodes, voltage gain, and required
conditions for input current ripple cancelation are calculated dur-
ing a switching period. Finally, the accuracy performance of the
proposed converter is reconfirmed through experimental results
for 225- and 298-W prototypes.

Index Terms—DC–DC non-isolated converter, high voltage gain,
reduced voltage stresses of switches and diodes, ripple-free input
currents, two input boost stages.

I. INTRODUCTION

R ENEWABLE energy sources such as fuel cells and pho-
tovoltaic (PV) systems have attracted a lot of attention

in recent years due to the air pollution caused by fossil en-
ergy sources [1]. In fact, the reliability and availability of these
energy sources are low. As a result, to obtain constant energy
from these energy sources such as PV cells, these have to be
combined with each other to increase their reliability. As an
interface to combine these different energy sources with differ-
ent voltage and current features, the dual-input dc converters
are required [2]–[3]. Then, these can become a reliable energy
source for high-intensity-discharge lamps of automobile head-
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lamps, computer power supplies, X-ray power, uninterruptible
power supplies, and servo-motor drives generators [3]–[5].

The output voltage of PV systems normally remains at low
levels, and it should be increased to be practically applicable. In
PV systems, the maximum power point has unavoidable oscilla-
tions, and these distortions increase because of the input current
ripple of the dc–dc converter stage that is connected in series
with the PV source [6]. In [7], by using a high-voltage-gain
single-input single-output converter, the output voltage of the
fuel cell is increased. There are various kinds of high-voltage-
gain dc–dc converters in the literature, including full-bridge
isolated dc–dc converters [8], [9], non-isolated dc–dc converters
with switched capacitor (SC) circuits [10], non-isolated inter-
leaved dc–dc converters with multi-winding coupled inductors
[11]–[14], non-isolated dc–dc converters with diode–capacitor–
inductor (D-C-L) circuits [15], and non-isolated interleaved con-
verters with diode–capacitor circuits [3], [16]. However, the
number of the elements in [13] and [14] is rather high, which
causes the related losses. The voltage gain can be further in-
creased by using a high number of voltage multiplier (VM) cells
the same as that of the converter presented in [16] and [17]. Each
VM cell in [16] and [17] consists of a diode and a capacitor.
The presented converter in [3] can be extended to a multi-input
single-output converter. The presented interleaved high-voltage-
gain converter in [10] has eliminated input current ripples. After
determining the values of two inductors by applying the pre-
sented converter in another duty cycle, the input current shows
a low ripple and its value can be calculated. The non-isolated
high-voltage-gain dc–dc converters have lower losses compared
to the high-voltage-gain isolated converters [18]–[20]. In [21]–
[24], some dc–dc converters with the capability of input current
ripple cancelation have been presented in which the voltage gain
is same as the voltage gain of a conventional boost converter.
The presented converter in [25] has used a three-winding cou-
pled inductor to eliminate the input current ripple. In [26], a filter
block for canceling input or output current ripples in boost and
buck converters has been presented, which uses a two-winding
coupled inductor for achieving ripple-free input current. In [25],
an interleaved converter with a ripple-cancelation network has
been presented. This converter eliminates the input current rip-
ple for the whole range of output power. Also, this converter has
a low voltage gain. As a result, designing of a non-isolated high-
voltage-gain dc–dc converter with ripple-free input current is
more of interest to be used in a PV system. In [26], a flyback dc–
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Fig. 1. (a) Proposed high voltage gain converter. (b) Power circuit of the
proposed converter by using a transformer model of coupled inductors.

dc converter with input current ripple cancelation is presented,
which uses a three-winding coupled inductor to increase the
voltage gain and eliminate input current ripples. In [27] and [28],
two bidirectional dc–dc converters are presented, which their
conversion ratios can be increased by adding the turn ratios of the
implemented coupled inductors. Also, there are two interleaved
dc–dc bidirectional converters presented in [29], which have the
capability of eliminating the input current ripples only for the
duty ratio of 0.5, which is common among interleaved structures.

In this paper, a new two input-single output non-isolated
high-voltage-gain converter with ripple-free input currents is
proposed. In this paper, the proposed topology is analyzed the-
oretically, and the values of current and voltage stresses of
all switches and diodes, the voltage gain, and required condi-
tions for input current ripple cancelation are calculated. Finally,
the accuracy performance of the proposed converter is verified
through experimental results.

II. PROPOSED CONVERTER

The power circuit of the proposed high-voltage-gain con-
verter and its transformer model is shown in Fig. 1(a) and (b),
respectively. In the proposed converter first coupled inductor is
considered with inductances LS1 as the first winding, LS2 as
the second winding, and LS3 as the third winding, and the in-
ductances M12 , M13 , and M23 as coupling inductances between
two windings, and second coupled inductor is considered with
inductances L′

S1 as the first winding, L′
S2 as the second wind-

ing, and L′
S3 as the third winding, and the inductances M ′

12 ,
M ′

13 , and M ′
23 as coupling inductances between two windings.

Fig. 2. Equivalent circuits and waveforms of the proposed converter.
(a) Modes 1 and 3. (b) Mode 2. (c) Mode 4. (d) Waveforms.

The coupled inductors are modeled with the magnetizing in-
ductances Lm1 and Lm2 , the leakage inductances Lk1 and Lk2
and the transformers T1 and T2 , as shown in Fig. 1(b). The
turns ratio of the secondary winding of transformers is consid-
ered as ns1 = Ns1/Np1 and ns2 = Ns2/Np2 . Also, the turns
ratio of the third winding is considered as nt1 = Nt1/Np1 and
nt2 = Nt2/Np2 . Since the capacitors are large enough, they can
be considered as constant voltage sources of VC 1 , VC 2 , VC 3 ,
VC 4 , and VC 5 . In the steady state, the voltages of the capacitors
C4 and C5 are equal to Vi1 and Vi2 , respectively. The equivalent
circuits of the proposed converter and the voltage and current
waveforms of the proposed converter during a switching period
(Ts) are shown in Fig. 2. This figure shows the proposed con-
verter as a type of two-phase converter and the switches’ pulses
are applied with a phase shift equal to 180◦. The proposed con-
verter is analyzed for D > 0.5. Based on the waveform of the
current iLm1 from Fig. 2(d), it can be seen that Im12 and Im11
are the minimum and maximum values of the current iLm1 at
moments t2 and t1 , respectively. Moreover, based on the wave-
form of the current iLm2 in Fig. 2(d), it can be seen that Im22
and Im21 are the minimum and maximum values of the current
iLm2 at moments t0 and t3 , respectively.

A. First and Third Operating Modes [(t0 ≤ t < t1),
(t2 ≤ t < t3)]

The equivalent circuit of the first and third operating modes is
shown in Fig. 2(a). By considering Fig. 2(a), the voltages vLm1 ,
vLk1 , vLm2 , and vLk2 are obtained as Vi1/nt1 , (Vi1 − Vi1/nt1),
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Vi2/nt2 , and (Vi2 − Vi2/nt2), respectively. Therefore, the
currents equations are obtained as follows:

iLm1 = [Vi1(t − t2)]/(nt1Lm1) + Im12 (1)

i1 = [(nt1 − 1)Vi1(t − t2)]/(nt1Lk1) + iLk1 |t=t2 (2)

iLm2 = [Vi2(t − t0)]/(nt2Lm2) + Im22 (3)

i2 = [(nt2 − 1)Vi2(t − t0)]/nt2Lk2 + iLk2 |t=t0 . (4)

iC 4 = iT t1 = (i1 − iLm1)/nt1 (5)

iC 5 = iT t2 = (i2 − iLm2)/nt2 (6)

iC o = −Io (7)

iS1 = i1 − iT t1 = [(nt1 − 1)/nt1 ]i1 + iLm1/nt1 (8)

iS2 = i2 − iT t2 = [(nt2 − 1)/nt2 ]i2 + iLm2/nt2 . (9)

B. Second Operating Mode (t1 ≤ t < t2)

The equivalent circuit of this mode is shown in Fig. 2(b). Dur-
ing this mode, the same as the first mode, (3), (4), and (6) are ob-
tained. By considering VC 4 = Vi1 , the voltages vLm1 and vLk1
are obtained as vLm1 = [(ns2/nt2)Vi2 + Vi1 − VC 2 ]/(ns1 +
nt1) and vLk1 = −(1 − nt1)vLm1 , respectively. Therefore, the
currents iLm1 and i1 are obtained as follows:

iLm1 = [(ns2/nt2)Vi2 + Vi1 − VC 2 ](t − t1)/

[Lm1(ns1 + nt1)] + Im11 (10)

i1 =
(nt1 − 1)[(ns2/nt2)Vi2 + Vi1 − VC 2 ]

Lk1(ns1 + nt1)

× (t − t1) + iLk1 |t=t1 . (11)

Based on Fig. 2(b), the relation between the currents of the
three windings of the transformers T1 and T2 is written as
iT 1 − nt1iT t1 + ns1iT s1 = 0 and iT 2 − nt2iT t2 + ns2iT s2 =
0, respectively. By applying the Kirchhoff’s Current Law (KCL)
the currents iC 1 , iC 2 , iC 4 , iC 5 , and iS2 , and diode’s currents are
obtained as follows:

iC 2 = [iLm1 − (1 − nt1)i1 ]/(nt1 + ns1) (12)

iC 4 = iT t1 = i1 − [iLm1 − (1 − nt1)i1 ]/(nt1 + ns1) (13)

iC 5 =
i2 − iLm2 + ns2 [(1 − nt1)i1− iLm1]/(nt1 + ns1)

nt2
(14)

iS2 =
1

nt2

{
iLm2 + (nt2 − 1)i2

+
(nt2 + ns2)[(nt1 − 1)i1 + iLm1 ]

nt1 + ns1

}
(15)

− iC 1 = iD1 = iD3 = [iLm1 − (1 − nt1)i1 ]/[2(nt1 + ns1)].
(16)

The current value of iC o by considering Fig. 2(b) is obtained
as (7).

C. Fourth Operating Mode (t3 ≤ t < t4)

The equivalent circuit of this mode is shown in Fig. 2(c). In
this mode, similar to the first mode, (1) and (2) are obtained.

By considering VC 5 = Vi2 , the voltages vLm2 and vLk2 are ob-
tained as vLm2 = [Vi2 + VC 2 − VC 1 + (ns1/nt1)Vi1 ]/(ns2 +
nt2) and vLk2 = (1 − nt2)vLm2 , respectively. Therefore, the
currents iLm2 and i2 are obtained as follows:

iLm2 =
[Vi2 + VC 2 − VC 1 + (ns1/nt1)Vi1 ](t − t3)

Lm2(ns2 + nt2)
+ Im21

(17)

i2 =
(nt2 − 1)[Vi2 + VC 2 − VC 1 + (ns1/nt1)Vi1 ]

Lk2(ns2 + nt2)

× (t − t3) + iLk2 |t=t3 . (18)

In this mode, the currents of capacitors, switches, and diodes
are as follows:

iC 1 = iD2 = iD4 = [iLm2 − (1 − nt2)i2 ]/[2(nt2 + ns2)]

(19)

iS1 =
1

nt1

[
iLm1 + (nt1 − 1)i1 + (nt1 + ns1)

× iLm2 − (1 − nt2)i2
2(nt2 + ns2)

]
(20)

iC o = iD4 − Io = [iLm2 − (1 − nt2)i2 ]/[2(nt2 + ns2)] − Io

(21)

iC 4 =
i1 − iLm1 + ns1 [−iLm2 + (1 − nt2)i2 ]/[2(nt2 + ns2)]

nt1
(22)

iC 5 = i2 − [iLm2 − (1 − nt2)i2 ]/(nt2 + ns2). (23)

III. INDUCTORS CURRENT CALCULATION

Considering (2), (4), (11), and (18), the required condition
for canceling input current ripples of i1 and i2 is obtained as
follows:

nt1 = nt2 = 1,Lk1 �= 0, and Lk2 �= 0. (24)

Based on the current-balance law of the capacitors, and by
considering (16) and (19) for iC 1 , (7) and (21) for iC o , (5), (13),
and (22) for iC 4 , and (6), (14), and (23) for iC 5 , the average value
of the currents iC 1 , iC o , iC 4 , and iC 5 under nt1 = nt2 = 1 is
made equal to zero in the following equations:

(1 − D)TsILm2/[2(1 + ns2)] + (1 − D)Ts(−ILm1)

/[2(1 + ns1)] = 0 (25)

DTs(−Io) + (1 − D)Ts (ILm2/[2(1 + ns2)] − Io) = 0 (26)

(2D − 1)Ts(I1 − ILm1) + (1 − D)Ts [I1 − ILm1/(1 + ns1)]

+ (1 − D)Ts [I1 − ILm1 − ns1ILm2/[2(1 + ns2)] = 0
(27)

(2D − 1)Ts(I2 − ILm2) + (1 − D)Ts [I2 − ILm2/(1 + ns2)]

+ (1 − D)T [I2 − ILm2 − ns2ILm1/(1 + ns1)] = 0.
(28)

As a result, the average value of the currents iLm1 and iLm2
(ILm1 and ILm2), and the average value of the input currents
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TABLE I
VOLTAGE STRESSES OF SWITCHES AND DIODES

(ii1 and ii2), switches and diodes are obtained as follows:

ILm1 = [2(1 + ns1)/(1 − D)]Io = (Im11 + Im12)/2 (29)

I1 = [2 + (1 + D)ns1)]Io/(1 − D) (30)

IS2 = I2 = ILm2 = [2(1 + ns2)/(1 − D)]

× Io = (Im21 + Im22)/2 (31)

IS1 = I1 − Io = [1 + (1 + D)ns1 + D]Io/(1 − D) (32)

ID1 = ID2 = ID3 = ID4 = Io . (33)

The maximum and minimum values of the currents iLm1 and
iLm2 can be written as follows:

Im11 = [2(1 + ns1)/(1 − D)]Io + Vi1DTs/(2Lm1) (34)

Im12 = [2(1 + ns1)/(1 − D)]Io − Vi1DTs/(2Lm1) (35)

Im21 = [2(1 + ns2)/(1 − D)]Io + Vi2DTs/(2Lm2) (36)

Im22 = [2(1 + ns2)/(1 − D)]Io − Vi2DTs/(2Lm2). (37)

IV. VOLTAGE GAIN CALCULATION

Based on the voltage-balance law of the inductances Lm1 and
Lm2 , and based on the waveform of the voltages vLm1 and vLm2
from Fig. 2(d), and considering nt1 = nt2 = 1, the following
equations can be obtained:

DVi1 + (1 − D)(ns2Vi2 − VC 2 + Vi1)/(ns1 + 1) = 0 (38)

DVi2 + (1 − D)(Vi2 + VC 2 − VC 1 + ns1Vi1)

/(ns2 + 1) = 0. (39)

As a result, based on VC 3 = VC 1 and Vo = VC 3 + VC 1 −
ns1Vi1 = 2VC 1 − ns1Vi1 , the voltage across the capacitors and
the output voltage for nt1 = nt2 = 1 are obtained as follows:

VC 2 = (1 + ns1D)Vi1/(1 − D) + ns2Vi2 (40)

VC 1 = VC 3 = [(1 + ns1D)Vi1 + (1 + ns2)Vi2 ]/(1 − D) (41)

Vo = {[2 + ns1(1 + D)]Vi1 + 2(1 + ns2)Vi2}/(1 − D). (42)

Considering Fig. 2, the voltage stresses on switches and
diodes for nt1 = nt2 = 1 can be summarized as shown in
Table I.

TABLE II
USED PARAMETERS FOR VOLTAGE GAIN EQUATION

In this part, the voltage gain of the proposed converter is cal-
culated by considering the equivalent series resistance (ESR)
of all components and forward voltage drops of switches and
diodes. For this purpose, in the power circuit of the proposed
converter in Fig. 1(b), a series resistance is placed in series with
capacitors (rC ), inductors (rLp1 , rT t1 , rT s1 , rLp2 , rT t2 , rT s2),
switches (rS ), and diodes (rD ). Moreover, the on-state forward
voltage drop of the diodes (VFD ) and switches (VFS ) is con-
sidered in series with them. Therefore, in this condition, the
steady-state analysis of the proposed converter is rewritten. As
a result, the output voltage considering ESRs of all components
and forward voltage drops of switches and diodes is calculated
as follows:

Vo =

[ 2+ns 1 (1+D )
1−D Vi1 + 2(1+ns 2 )

1−D Vi2 + VFS1(1 + ns1)

−2VF S 1 +VF S 2
1−D − (VFD1 + VFD2 + VFD3 + VFD4)

]

1 + h−j
Ro (1−D )

(43)
where the parameters a, b, c, d, e, f , g, h, and j are given in
the first row of Table II. Furthermore, the voltages of capacitors
considering ESRs of components are calculated as given in the
second row of Table II.

V. DEVELOPED CONVERTER

The proposed converter in Fig. 1(a) can be extended to a
four input single-output converter as shown in Fig. 3(a). The
control signals of the four used switches S1 , S2 , S3 , and S4
should be adjusted similarly to four-phase converters, as shown
in Fig. 3(b). In the proposed converter, the obtained voltage
gain for a duty cycle more than 0.75(D ≥ 0.75) is higher than
that for a duty cycle lower than 0.75. The dc characteristics of
the proposed converter for D ≥ 0.75 are obtained as given in
Table III.
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Fig. 3. (a) Power circuit of the proposed developed converter. (b) Trigger
signals of the switches for the proposed developed converter.

TABLE III
CHARACTERISTICS OF THE PROPOSED DEVELOPED CONVERTER

Therefore, the output voltage is obtained as follows:

Vo =
1 + ns1D

1 − D
Vi1 +

1 + ns2

1 − D
Vi2 +

1 + ns3

1 − D
Vi3

+
1 + ns4

1 − D
Vi4 . (44)

In this proposed converter, similar to the main proposed con-
verter in Fig. 1(a), the required conditions for achieving ripple-
free input currents are calculated as (24).

VI. DESIGN CONSIDERATION

To verify the proposed converter operating in a continu-
ous conduction mode (CCM), the average value of the current
through the inductances Lm2 and Lm1 has to be higher than
half of their current ripple. Therefore, the values of the induc-
tances Lm1 and Lm2 by considering (29), (31), and (34)–(37)
are obtained as follows:

Lm1 > [Ro(1 − D)DVi1 ]/[2fs(1 + ns1)Vo ] (45)

Lm2 > [Ro(1 − D)DVi2 ]/[2fs(1 + ns1)Vo ]. (46)

TABLE IV
AVERAGE CAPACITOR CURRENTS DURING A SWITCHING PERIOD

The voltages across the first, second, third, and fourth wind-
ings of the utilized first coupled inductor in Fig. 1(a) can be
written as follows:

vLs1 = Ls1(diLs1/dt) + M21(diLs2/dt) + M31(diLs3/dt)
(47)

vLs2 = M12(diLs1/dt) + Ls2(diLs2/dt) + M32(diLs3/dt)
(48)

vLs3 = M13(diLs1/dt) + M23(diLs2/dt) + Ls3(diLs3/dt).
(49)

Then, considering nt2 = nt1 = 1, Lk1 �= 0, and Lk2 �=
0, and (45) and (46) for achieving ripple-free input cur-
rents and CCM operation, the inductances of coupled induc-
tors in Fig. 1(a) can be simplified as LS1 = Lm1 + Lk1 =
Lm1/K2 , LS2 = ns1

2Lm1 , LS3 = Lm1 , M13 = M31 = Lm1 ,
and M12 = M21 = M23 = M32 = ns1Lm1 . In the same way,
in the second coupled inductor, inductances can be replaced
with L′

S1 = Lm2 + Lk2 = Lm2/K2 , L′
S2 = ns2

2Lm2 , L′
S3 =

Lm2 , M ′
13 = M ′

31 = Lm2 , and M ′
12 = M ′

21 = M ′
23 = M ′

32 =
ns2Lm2 , where K the coupling coefficient of coupled induc-
tors, which is defined as K =

√
Lm /(Lk + Lm ) in the realis-

tic condition, is always lower than 1 and close to 1 in the range
0 � K < 1.

Considering [1] and [30], the real voltage ripple across
the output capacitor is obtained as ΔVC o = 0.01Vo −
rC oΔIC o . Considering Table IV, ΔIC o is obtained as ΔIC o =
IC o | mod e2 − IC o | mod e1 = Io/(1 − D). Therefore, the mini-
mum value of the capacitor Co is calculated as follows:

Co min |ESR = D/ [{0.01 − rC o/[Ro(1 − D)]}Rofs ] . (50)

On the other hand, based on [1], if the load changes equal to
the full load, ΔIo = Vo/Ro , the value of the capacitor Co has
to be at least

Co min |transient holding time = Vo/[0.01VoRo(0.1fs)]. (51)

Consequently, the minimum value of output capacitor can be
obtained from the following inequality:

Co min > max{Co min |ESR , Co min |transient holding time }.
(52)

The accurate design of the capacitors C1 , C2 , C3 , C4 ,
and C5 includes only the ESR of capacitors. Based on
Table IV, VC 4 = Vi1 , VC 5 = Vi2 , (40) and (41), the minimum
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TABLE V
MINIMUM VALUES OF CAPACITORS

TABLE VI
RMS CURRENTS OF THE WINDINGS OF COUPLED INDUCTORS IN FIG. 1(a)

value of these capacitors for their maximum voltage ripple of
ΔVC = (1%)VC − rC ΔIC should verify the inequalities given
in Table V. The total saved energy in the three windings of cou-
pled inductors in Fig. 1(a), EL , and in the capacitors, EC , is
obtained as follows:

EL =
1
2
(Ls1ILs1−rms

2 + Ls2ILs2−rms
2 + Ls3ILs3−rms

2

+ L′
s1IL ′s1−rms

2

+ L′
s2IL ′s2−rms

2 + L′
s3IL ′s3−rms

2)

=

{
[2+(1+D )ns ]2

K 2 (1−D )4 + (25+D )ns
2

4 + (1+ns )2

1−D

}
D(1 − D)TsPo

(1 + ns)[4 + ns(3 + D)]
(53)

EC =
∑

i=1,2,3,4,5

EC i + EC o =
1
2

∑
i=1,2,3,4,5

CiVC i
2 +

1
2
CoVC o

2

=
{

6(1 + ns)
1 − D

+ ns(3 + D) + DG

}
50(1 − D)TsPo

4 + ns(3 + D)
(54)

where, in (53), the values of inductances of coupled inductors
that depend on the their transformer model parameters (ns1 =
ns2 = ns , Lm1 , Lm2 , K) are replaced. The root mean square
(rms) currents of inductors are summarized in Table VI.

VII. COMPARING THE PROPOSED CONVERTER WITH THE

PRESENTED CONVERTERS IN LITERATURE

To confirm the performance of the proposed dc–dc converter,
in Table VII, it is compared with two other dual input–single out-
put dc–dc converters presented in [3] and [16]. The differences
between these converters from different aspects, including the
output voltage (Vo), the capability of achieving ripple-free in-
put currents (Δi1 = Δi2 = 0), the normalized voltage stresses
across power switches (VS /Vo) and diodes (VD /Vo), the nor-
malized current stresses of switches [IS /(I1 + I2)] and diodes

Fig. 4. (a) Voltage gain of the proposed converter and converters in [3] and
[16]. (b) Voltage gain of an interleaved converters.

[ID /(I1 + I2)], the number of switches (NS ), diodes (ND ),
coupled inductors (NC I ), typical inductors (NI ), and capaci-
tors (NC ), and the total normalized saved energy on inductors
(EL,N = EL/TsPo) and capacitors (EC,N = EC /TsPo), are
presented. The proposed converter is also compared with other
single input–single output converters that have used coupled
inductors in their structures, as presented in Table VIII. The
voltage gain of the proposed converter, including ESRs of com-
ponents (rLp1 = rT s1 = rT t1 = rLp2 = rT s2 = rT t2 = rL =
0.1 Ω,rS2 = rS1 = 0.04 Ω, and rD1 = rD2 = rD3 = rD4 =
rD = 0.1 Ω) and the forward voltage drop of switches and
diodes (VFS1 = VFS2 = 0.8 V and VFD1 = VFD2 = VFD3 =
VFD4 = 0.8 V ), is plotted in Fig. 4(a). The output load is
selected as Ro = 3000 Ω, Ro = 1500 Ω, and Ro = 750 Ω,
which have been plotted based on (43). The ideal voltage
gain of the two input converters presented in [3] and [16]
is lower than even the voltage gain of the proposed con-
verter considering ESRs of components. To plot this figure,
other parameters selected are ns1 = ns2 = 1.5, Vi1 = 20 V, and
Vi2 = 30 V. The proposed converter with an interleaved struc-
ture [as a one-input/one-output converter (Vi1 = Vi2 = Vi)]
and the interleaved converters in [11], [13], and [14], which
have the same feature of applying two three-winding cou-
pled inductors for achieving a high voltage gain, are com-
pared in Table VII. Based on this figure and Table VII, it
can be seen that the voltage gain of the proposed converter
with an interleaved structure is higher than that of the in-
terleaved converters in [11], [13], and [14] by using a lower
number of components. Compared to the converters presented
in [3], [16], [11], [13], and [14], the proposed converter has
the capability of canceling input current ripples Fig. 5(a)–(f)
shows VS /Vo , the total maximum normalized voltage stresses
on diodes (

∑
VD /Vo), IS /(I1 + I2), ID /(I1 + I2), the to-

tal normalized energy on reactive components (Etotal N =
EC,N + EL,N ), and the voltage gain over the total normalized
energy on reactive components (G/Etotal N ) versus duty cycle,
respectively. Fig. 5(a) is plotted by considering Vi2 = Vi1 and
ns1 = ns2 = ns . Considering Fig. 5(a), VS /Vo in the proposed
converter is lower than the converters presented in [3], [11],
[13], [14], and [16], and it can be further decreased by increas-
ing the turns ratio of transformers ns . According to Fig. 5(b),
the

∑
VD /Vo in the proposed converter is close to that of the

converters in [3] and [16] and lower than that of the convert-
ers presented in [11], [13], and [14]. Fig. 5(c) shows that the
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TABLE VII
COMPARING THE PROPOSED TWO BOOST STAGES CONVERTERS

TABLE VIII
COMPARING AN INTERLEAVED COUPLED INDUCTOR-BASED CONVERTERS IN THE LITERATURE

IS /(I1 + I2) in the proposed converter is close to that of the
converters in [3] and [16] and higher than that of the converters
presented in [11], [13], and [14]. On the other hand, Fig. 5(d)
shows that the ID /(I1 + I2) in the proposed converter is close to
that of the converters presented in [11] and [13] and lower than
that of the converters presented in [3] and [16]. Fig. 5(f) shows
that the G/Etotal N in the proposed converter is higher than
that of the converters presented in [3] and [16]. As a result, the
proposed converter has the best performance from this point of
view.

VIII. EXPERIMENTAL RESULTS

In this part, the experimental results are obtained under two
different conditions of duty cycle and output power. The values
of different elements are summarized in Table IX.

A. Experimental Results for D = 0.6 and Po = 225 W

Fig. 6 shows the experimental results of voltage and cur-
rent stresses of the switches for D = 0.6. From the second

TABLE IX
USED PARAMETERS

row of Table II and the parameters given in Table IX, it can
be seen that VC 1 = 300.28 V, VC 3 = 300.19 V, VC 2 = 134 V,
VC 4 = 20 V, VC 5 = 30 V, and Vo = 580.37 V, which are al-
most the same as the experimental results obtained in Fig. 6(a)
and (b). Based on Table I, the voltage stresses for the switches
are calculated as vS1 = 50 V and vS2 = 75 V, respectively, dur-
ing (1 − D)Ts = 13.33 µs. According to Fig. 2(d), the maxi-
mum voltage stresses on the diodes D1 , D2 , and D3 are cal-
culated as vD1 |max = vD2 |max = vD3 |max = 300.28 V during
(1 − D)Ts . Moreover, the minimum voltage stresses on the
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Fig. 5. (a) VS /Vo . (b)
∑

VD /Vo . (c) IS /(I1 + I2 ). (d) ID /(I1 + I2 ).
(e) Etota l N ; (f) G/Etota l N .

diodes D1 , D2 , and D3 are calculated as vD1 |min = vD3 |min =
−119 V and vD2 |min = 181 V during (2D − 1)Ts = 6.66 µs.
As shown in Fig. 6(b), the experimental results are very close
to the calculated values from analytical results by considering
ESRs of components.

Considering (34) and (35), the maximum and minimum val-
ues of the inductor current iLm1 is calculated as Im11 = 5.75 A
and Im12 = 3.93 A, respectively, which are almost the same as
the results obtained in Fig. 6(c). Moreover, based on (36) and
(37), the maximum and minimum values of the inductor current
iLm2 are calculated as Im21 = 6.04 A and Im22 = 3.64 A, re-
spectively, which are verified by Fig. 6(c). The average values
of the input currents ii1 and ii2 are calculated as I1 = 4.256 A
and I2 = 4.84 A from (30) and (31), respectively, which are
almost the same results as obtained in Fig. 6(c). According to
(31) and (32), the average currents of switches are obtained as
IS1 = 3.869 A and IS2 = I2 = 4.84 A. Considering Fig. 2(d),
the maximum and minimum values of the currents iD1 , iD2 ,
iD3 , and iD4 are calculated as iD2 |max = iD4 |max = 1.208 A,
iD2 |min = iD4 = 0.724 A, iD1 |max = iD3 |max = 1.15 A and
iD1 |min = iD3 |min = 0.786 A, respectively, which are very
close to the results illustrated in Fig. 6(d).

B. Experimental Results for D = 0.65 and Po = 296 W

Fig. 7 shows the experimental results for D = 0.65. The out-
put voltage is calculated as Vo = 666.56 V for the parameters
given in Table IX, which is equal to the experimental results
shown in Fig. 7(a). Based on Table I, the voltage stresses for the

Fig. 6. Experimental results for D = 0.6. (a) Voltages of capacitors. (b) Volt-
ages of switches, diodes, and the output voltage. (c) Input currents and inductor’s
currents. (d) Currents of switches and diodes.

switches are calculated as vS1 = 57.14 V and vS2 = 85.7 V.
The voltage stress on the diode D4 is calculated as vD4 =
214.28 V. According to Table I and Fig. 2(d), the maximum
and minimum voltage stresses on the diodes D1 , D2 , and D3
are calculated as vD1 |max = vD2 |max = vD3 |max = 357.14 V
and vD1 |min = vD3 |min = 142.85 V and vD2 |min = 214.2 V.
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Fig. 7. Experimental results for D = 0.65. (a) Voltages of switches and diodes
and the output voltage. (b) Input currents and inductor’s currents. (c) Currents
of switches and diodes.

As shown in Fig. 7(a), the experimental results are very close
to the calculated theoretical results. Then, the maximum and
minimum values of the inductor currents iLm1 and iLm2 are cal-
culated as Im11 = 7.33 A and Im12 = 5.36 A, Im21 = 7.65 A,
and Im22 = 5.05 A, respectively, which are almost the same as
the results obtained in Fig. 7(b). Fig. 7(c) shows that when the
current iLm2 is increased, iT 2 is decreased during DTs . Accord-
ing to Fig. 1, the sum of the currents iLm2 and iT 2 is equal to
the dc input current i2 , which is shown on the right-hand side of
Fig. 7(c). The average value of the input currents ii1 and ii2 is
calculated as I1 = 5.68 A and I2 = 6.35 A from (30) and (31),
respectively, which are almost the same as the results shown in
Fig. 7(c). Based on the theoretical efficiency calculation adopted
in [27] and [28], the parameters of switches from their datasheet
are as follows: VFS1 = VFS2 = 0.8 V, rS2 = rS1 = 0.04 Ω,
tr S1 = tr S2 = 60 ns, tf S1 = tf S2 = 48 ns. The parameters
of diodes are as follows: VFD1 = VFD2 = VFD3 = VFD4 =
0.8 V, rD = 0.1 Ω, tb−D1 = tb−D2 = tb−D3 = tb−D4 = 60 ns,
and Irr−D1,D2,D3,Da1,Db1,Do1,Do2 = 10 µA. The efficiency
curve of the proposed converter and converters presented in [12]
and [13], is plotted in Fig. 8(a). The implemented prototype of
the proposed converter is shown in Fig. 8(b).

IX. CONCLUSION

In this paper, a non-isolated high-voltage-gain two-input
single-output boost converter with ripple-free input currents was

Fig. 8. (a) Efficiency curves versus output power. (b) Implemented prototype
of the proposed converter.

proposed. The proposed converter uses a D-C-L circuit to ob-
tain a high voltage gain. In the proposed converter, the voltage
stresses on switches and diodes are lower than the high output
load. In this paper, the values of current and voltage stresses
of all switches and diodes, the required condition for cancel-
ing input current ripples, and the voltage gain of the proposed
converter were calculated. Finally, the accuracy performance of
the proposed converter has been verified through experimental
results.
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