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Abstract

Renewable energy sources like wind and solar power experience output voltage fluctuations due to changing
weather conditions. To maintain a stable power supply, integrating multiple input sources is essential. A Multi-Input
Converter (MIC) provides a more efficient solution by reducing the need for numerous passive components, which
in turn minimizes cost, size, and weight compared to separate converters. This study introduces a dual-input boost
converter with zero voltage switching (ZVS), utilizing a single auxiliary circuit to enable soft switching for all
semiconductor elements. This design not only improves efficiency but also retains the advantages of multi-input
converters. Additionally, a voltage multiplier is incorporated to enhance the voltage conversion ratio, achieving
higher voltage gains. The theoretical analysis of the proposed converter is validated through experimental results,
with efficiency measurements demonstrating a 3% improvement over conventional hard-switching designs.
KEYWORDS: DC-DC converter; Coupled inductor; High-gain; Soft-switching.

NOMENCLATURE
ZCT Zero current Transition NT Zero Voltage Transition
MIC Multi-Input Converter VR voltage regulation
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PFC Power Factor Correction ZCS zero current switching
EMI electromagnetic interference ZVS zero voltage switching
lim Magnetizing current n Turn ratio

Ik Leakage inductance current m Tertiary turn ratio
Vbs Drain source voltage D Duty cycle

w Angular frequency Vcs Snubber voltage

1. INTRODUCTION

In boost converters, the rapid switching of power devices leads to considerable switching losses. To achieve
high voltage gain, various topologies and techniques have been developed in traditional boost converter designs
[1]-[3]. These converters offer multiple benefits, including enhanced transient response, improved thermal
management, reduced current ripple, and increased reliability [4], [5]. In multi-phase buck converters, increasing
the number of switching stages within a single phase effectively raises the input current’s frequency, thereby
reducing overall current ripple [5], [6]. Additionally, multi-phase converters improve efficiency by distributing
the load current across several phases, which minimizes voltage drops and conduction losses in semiconductor
devices. Higher switching frequencies can further enhance the transient response and power density of DC-DC
converters [4]. However, operating at higher switching frequencies can also result in reduced overall efficiency
and increased switching losses [9], [10].

One of the main challenges in high-frequency converters is electromagnetic interference (EMI). both active
[7], [8] and passive [9], [10] switching techniques have been proposed. Among active methods, Zero Voltage
Transition (ZVT) is widely regarded as a simple yet effective solution, especially in converters utilizing
MOSFETs. ZVT achieves reduced switching losses and lower EMI by enabling or disabling the MOSFET at zero
voltage [11]-[13]. Furthermore, optimizing ZVT-based converters by minimizing the number of components in
the ZVT cell and employing a single ZVT cell across multi-stage converter structures can significantly reduce
both the overall cost and physical size of the converter. Recent studies have explored a range of converter
topologies, including those employing boost configuration with particular emphasis on ZVT implementations.
Despite their advantages, many of the proposed topologies suffer from certain drawbacks, such as increased
component count, added complexity, and reduced efficiency under specific operating conditions.

1.The high complexity and large number of components significantly increase both the overall cost and

physical size of the circuit.

2.The need for diode replacement along with the associated costs and electromagnetic interference (EMI)

issues—can be mitigated through timely maintenance or the use of alternative solutions.

3.The inclusion of one or more switches in the gate driver control circuit further contributes to system

complexity.

In [14], a Zero Voltage Transition (ZVT) soft-switching boost converter is introduced, incorporating an
auxiliary circuit with two auxiliary switches configured within a two-phase amplifier. However, this design results
in increased voltage stress on the main switch. In contrast, [15] proposes a soft-switching poly-phase boost
converter that integrates a resonant choke into its ZVT implementation, but it requires DC auxiliary switches and
floating gate control for each phase, adding to design complexity. Recent works [16]-[23] have proposed various
methods to reduce the number of active components in converter circuits. For instance, the converters presented
in [16]-[18] achieve smooth operation of the main switch by using an auxiliary switch; however, these
configurations still rely on additional semiconductor elements. Notably, [16] requires the auxiliary switch to
operate four times per switching cycle, thereby doubling the number of switching states. This extended operation
increases conduction time and leads to higher power dissipation [17]. Alternatively, [19] investigates a boost
converter design that mitigates additional current and voltage stress on the main switch. Nevertheless, its two-
phase structure requires additional components, including two inductors and four diodes. In [20], a ZVT boost
converter is reviewed that employs an auxiliary switch and features a relatively simple switching mechanism.
Despite this simplicity, it necessitates a high-voltage current converter to maintain load supply during the extended
activation of the auxiliary circuit, resulting in increased conduction losses. Efforts in [21]-[23] aim to simplify
the converter topology by minimizing component count. However, the converter described in [21] is limited by
switching frequency constraints, inadequate filtering performance, and elevated stress on the converter switch.
Similarly, the inverter presented in [22] demands a secondary switch for sliding gate control and requires a
dedicated magnetic core for the secondary winding. In the ZVT design proposed in [23], synchronous rectifier
switches are repurposed as auxiliary switches, eliminating the need for additional switching elements. While
effective, this method is only applicable to transformer-based systems that already include synchronous rectifiers.
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It also significantly reduces voltage and current stresses on switch. A simpler ZVT converter design is presented
in [24], featuring a streamlined circuit structure; however, it still employs multiple auxiliary components and
imposes both current and voltage stress on the auxiliary switch. Reference [25] highlights the inclusion of multiple
auxiliary elements in a two-phase transformer design, while [21] describes a frequency-controlled approach. A
buck converter with comparable characteristics is also noted in [26], which, although more compact, encounters
similar limitations as those reported in [21] and [25]. This paper presents a comprehensive review of a family of
interconnected ZVT converters and their various configurations. The proposed design utilizes a single auxiliary
circuit, enabling all semiconductor devices to operate in a simple switching mode with only one switch and
without the need for chokes, thereby improving efficiency during load variations. In this configuration, the
converters employ Zero-Voltage Switching (ZVS) for the main switches and Zero-Current Switching (ZCS) for
the auxiliary switches. Moreover, the leakage inductance of the coupled windings can control the output current,
reduce stress on complementary diodes, and reduce issues related to reverse recovery. The converter uses
transformer cores with couple windings that function as voltage sources, effectively reducing the current in the
secondary circuit to zero once the ZVS switch is activated. The integrated ZVT cell absorbs the leakage inductance
of the coupled coils and utilizes the parasitic MOSFET capacitors as suppression capacitors. This integration
eliminates the need for additional resonance inductance, significantly lowering the cost, weight, and size of the
auxiliary circuit. The proposed ZVT converters were theoretically validated through a step-up design process, and
a 300 W boost converter prototype operating at 100 kHz was built to confirm the experimental results.
Furthermore, additional variants of the converter family have been developed based on the ZVT concept, with
new versions. While a basic ZVT cell was introduced in [27], its application was initially confined to single-phase
converters and did not extend to other two-input DC-DC converter types. In this study, the cell is employed to
develop a full series of low-cost, compact, and soft ZVT AC converters, all sharing a common sub-circuit.

2. THE PROPOSED ZVT DUAL-INPUT HIGH STEP-UP CONVERTER INTEGRATES

TWO INPUTS

Figure 1(a) illustrates Conventional designs for dual-input step-up converters Figure 1(b) illustrates Proposed
ZVT dual input step-up converter, along with the core structure of the ZVT cell. The primary inductors, L3 and
4, are connected to the auxiliary input terminals Lal and La2, which in turn are linked to inductors L5 and L6.
Switches S1 and S2 are the main switches, while D1 and D2 function as input diodes. Vinl, Vin2, and Vout denote
the input and output voltages, respectively. CS1 and CS2 are the snubber capacitors for switches S1 and S2. Co
is the output filter capacitor, and Ro represents the load. The equivalent circuit of the converter is also depicted in
Figure 1(b), where N1, N2 and N3 correspond to the number of turns in each of the three windings. Lm3, Lm4
are magnetic inductances, with LKa representing both the leakage inductance on one side of the transformer and
the magnetically induced inductance from primary to secondary. Additional components include a switch and
diodes Dal and Da2. All winding ratios are assumed to be equal, and the Na/N ratio is defined as proportional to
n. A minor transformation occurs in the converter when the duty cycle (D) is less than 50%. For D > 50%, the
operational characteristics are detailed below. Each primary circuit operates across fourteen distinct switching
modes. However, due to the symmetry in the dual-input topology, only seven modes related to the operation of
main switch S1 are analyzed in detail.

D,
- Ly |[Dsi Cl
) S s, '
L
]
D,

3 This article has license CC BY 4.0 https://creativecommons.org/licenses/by/4.0/



Accepted manuscript (author version)

FIGURE 1. (a) Conventional designs for dual-input step-up converters. (b) Proposed ZVT dual input step-up
converter.

Figures 2 and 3 provide the corresponding waveform diagrams and equivalent circuits for each mode. Prior

to time to, switch S; and diode D, are assumed to be turned off, while all other semiconductor devices are in the
on-state. At this moment, Cs; is charged to the output voltage Vou:.
Mode 1 [to—t1] (Figure 3(a)): To charge Cs; and enable Zero-Voltage Switching (ZVS) for switch Sy, the auxiliary
circuit must be activated prior to applying the gate signal to S;. At time to, auxiliary switch S, is turned on. Due
to the presence of series leakage inductance Ly, both diode Da.; and switch Sa conduct under Zero-Current
Switching (ZCS) conditions. As a result of the positive voltage across Lka, the current I, begins to rise, while
the current through diode D (Ip;) decreases accordingly. At time ti, the diode current Ip; reaches zero, turning D,
off under ZCS conditions and thereby ending this switching mode. During this interval, the circuit behavior can
be described by the following equations:

Vout [1-n(1-2D)](t—t0)

ILka(t) = 2 (1)
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FIGURE 2. Theoretical waveforms.
Ipi(t) = ILi-(n+1) Lna (1) (2)

where 11 represents the current through L, which equals half of the midpoint input current (Iin1/2), accounting for
the distribution between the two components.

Mode 2 [ti—tz] (Figure 3(b)): At time ti, diode D, turns off, initiating a resonant transition between capacitor Cs;
and inductor Lk,. By the end of this mode, the energy initially stored in Cs; is fully transferred to Lka, resulting in
the voltage across Csi (Vcsi) dropping to zero. At this moment, switches S; and S, are turned on under ZVS
conditions. The corresponding resonance behavior can be described by the following equation:

Iika (t)= A + Bsin(w(t — t1)) 3)
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Vea(t)=[Lia S22 + 2nv] )
Where

e (5)
A=lm (6)
B:VOUt[l—n(l—ZD)] )

Wpka
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FIGURE 3. Equivalent circuit models of each mode.
Mode 3 [t>—t3] (Figure 3(c)): At time t,, the anti-parallel diodes of S; and S; are turned on. During this mode, the
voltage decreases due to a voltage source associated with Irx,, with the expression -(VLa + VL) = -2nVj,, which
results from the secondary side reflection of L; and L,. The anti-parallel diodes, T3, Si, and S, turn off under Zero
Current Switching (ZCS), marking the end of this mode. During this interval, the gate signal for S; can be applied,
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enabling the switch to turn on under Zero Voltage Switching (ZVS) conditions, while the current through D3
increases under ZCS conditions. The following equation applies to this mode:

2n(1-D) Vour

Isa(t)zlka(t)=lka(t2) - Le

(t—t2) (8)
where I (t2) can be determined from the previous equation (3) by substituting t, for t.

Mode 4 [ts—t4] (Figure 3(d)): In this mode, I; . decreases linearly at a constant rate until it becomes zero at t4, which
leads to S, turning off under ZCS conditions.

Mode 5 [ts—ts] (Figure 3(e)): In this mode, both main switches are activated, while the auxiliary circuit is turned
off. L; and L, are linearly charged by the input voltage source Vi, while the output capacitor supply the load.

Mode 6 [ts—ts] (Figure 3(f)): At the start of this mode, the ZVS condition of S; is interrupted by the capacitor Cs..
During this transition, the current in L, charges Cs; almost linearly. At ts, the drain-source voltage of S» (Vps2 = Ves2)
increases to Vou, causing D; to turn on. The following equation can be written for this period:

VDSFVCSFE“TZZ (t—1ty) 9)

Here I1, is the current L.

Mode 7 [te—t7] (Figure 3(g)): During this mode, the stored energy is transferred to the gate of L, while L; continues
to be linearly charged by Vini. At ts, the second half of the switching cycle starts, and the auxiliary switch is turned
on once more to sustain the ZVS condition for S; as it turns off.

3. ANALYSIS OF THE CONVERTER

To achieve Zero Voltage Switching (ZVS) for the main switches, diode D; must turn off at time ti, initiating a
resonant loop with inductor Lka. Lka is part of the auxiliary circuit, which also includes capacitor Cs; and the output
voltage across the three inductors. This resonant loop enables the discharge of Cs;. Consequently, the inductance
in the auxiliary circuit must be lower than the equivalent impedance determined by the output voltage, establishing
a design criterion valid for any n > 0. According to Equation (4), Cs; can be fully discharged in Mode 2, provided
certain conditions are met. The minimum required time interval to turn off the switch and trigger diode conduction
is denoted as Tzyr, which is the combined duration of Modes 1 and 2. Specifically, Tzyr represents the minimum
delay before applying the main gate signal to the switch. ZVS occurs when the main switch turns off with zero
voltage across its, minimizing switching losses. Zero Current Switching (ZCS), on the other hand, occurs when the
auxiliary switch turns on with zero current through it, also reducing switching losses. To maintain ZCS, it is
essential to remove the control signal from the auxiliary gate once the auxiliary current (Isa) drops to zero. The time
during which the auxiliary switch remains off is critical for sustaining ZVS during the transition of the main switch
between its on and off states. Proper synchronization is important to ensure efficient operation of both switches,
minimizing energy losses and maintaining soft-switching performance.

3.1. VOLTAGE GAIN
The voltage conversion ratio, which relates the output voltage to each input source voltage, can be formulated as:

~ vinl Vin2
Veos (1—D1)OR (1-D2) (10)
nD1
Vcolzm (11)
mD2Vin2
VcoZ_m (12)

_ (14nD1)Vin1(1-D2)+mD2Vin2(1-D1)

VO:Vcol+Vc02+ch (1-D1)(1-D2)

13)
If Vini=Vin2 and D=D; the voltage conversion ratio It can be considered as such:

Vo _1+(m+n)D

Vin 1-D (14)
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Vo _1+42nD

m=n —Gain= (15)

Vin 1-D

3.2. VOLTAGE STRESSES ATHWART POWER SWITCHES AND DIODES

The association between the output voltage and the voltage of the individual input sources can be written
as Semiconductors are designed to endure the voltage applied to them, which is required. The proposed
converter has less voltage across the current switches/diodes, so it works in the same way as a
conventional step-up converter. The power converter can be calculated using the following equation:

Vi
V51 = Vo= Vpi1= Vo= ﬁ (16)
Vv
Vg=Vp3 = To2D +2(;D+VCr,p (17)
Vo(n+1)-1

3.3. DESIGN PROCESS

The design of the converter is presented, and the conversion process is demonstrated using the example of a two-
phase ZVT converter. In this case, the input voltages are Vin: = 24 V and Vin> = 96 V, with an output voltage of
Vout = 310 V, a total output power of 300 W, and a switching frequency of f, = 100 kHz. Based on the
characteristics of the operating structure, it is assumed that L; = L: = Lin, Cs, = Cs, = Cs, and that S; is identical
to Sz, as well as D being identical to D..

3.4. SELECTION OF PASSIVE ELEMENTS

The magnetic inductors (Lm3, Lm4, Lms, Lms, Lxa1, and Lka2) and the output capacitor (Co), used as
amplifier inductors, are designed similarly to a simple boost converter, as referenced in [28]. As
illustrated in Table 2, a 10 uF electrolytic capacitor was used for Coi, Co2, and Cos, with an inductance
value of 200 uH for Lin To maintain continuous conduction mode (CCM) operation. According to
equations (14) and (15), the voltage across the switch and the output diode is 330 volts. Therefore, the
C3MO0015065D can be selected as the main switch, and the MURS60 as the diode. The same
semiconductor and diode types can be used for ZVT cells, as detailed in the following section.

3.5. AUXILIARY CIRCUIT CONFIGURATION

The auxiliary circuit is primarily designed to enable soft switching for the main switches while
ensuring smooth transitions for all other semiconductor devices. Due to simple structure of The
auxiliary circuit, only the values for Lka, Cs, and the turns ratio n need to be determined.

1)  Capacitors and snubber inductances are selected as 1 nF and 100 puH, respectively, as referenced
in [29]. Thus, 100 uH is chosen for the snubber inductance used. This value can be achieved with
the connected inductor.

2)  The condition Iixa(t2) = Isa(max) must exceed the combined maximum values of Ir.;(max) and
Ir2(max) to ensure that the anti-parallel diodes S; and S, operate in mode 3 under Zero Voltage
Switching (ZVS) conditions.

3)  Once the snubber capacitor Lka is discharged, the auxiliary switch should be turned off as
quickly as possible to minimize conduction losses in the auxiliary circuit and impose less
limitations on the duty cycle (D). Additionally, it should be turned off before the main switch S, is
activated. In other words, the duration of mode 3 and 4 (t2.4 = t4 - t2) should be much shorter than t 5
= ts - t, as shown in Figure 2.

T25min) =D min Tsw - Tsw (19)

2
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Ta4max)< 0.2%t25(min) (20)
where:

Tsw represents the switching time. Therefore, considering Equation (8), the turns ratio n must be greater
than 0.26 to satisfy Equation (20).

4)The duration of mode 2 should be less than 10% of the total transmission mode duration. From mode
(6), Cs should be less than 8.7 nF.

5)The current stress on the auxiliary switch should be less than twice the sum of Ir;(max) and I1>(max).
Therefore, according to Equation (18), Cs should be less than 1.5 nF.

Thus, considering modes 1, 5, and 6, the value of Cs is chosen to be 1 nF. By selecting these values for
Eika, Cs, and n, the situation specified by (10) and (11) will always Be fulfilled. In addition, controller
circuit proposed in figure 4. By IC ucc28220 and logic circuit can be made required signal for gates.
The parameters have been designed in this way based on practical results.

Iswtf 0.76x4.5ns
2Vsw 2%60

Csl

=0.028 nF=1InF. 1)

Co>SWt 0944505 _) 8 nF1nF. (22)
2Vsw 2%24

Vsw tr_150%4.5ns

Lio—— ——=0.9uH=10pH. (23)

_dv _ _icdt IoDT_loD __ _0.9%6.5us__ 1_ 1,1 1 o -
IC_CE —c dv  AVo AVofs Co 0.03%100 2'92“1: > Co Col+Co % Cor=Cor=Cos 8'7HF_IOHF'
(24)

_VclD _24x7.5us
Ai f 0.01x100

_Vc2D _60%6.5us
Ai f 0.02%100

VL=LZ—i=> L=VL%=> Lot =180puH~200pH, L, =195uH=~200pH. (25)
_Vin1D_24x7.5us

Aif  0.02%100

_Vin2D_60%6.5u

L
! Aif  0.04+100

=90uH=100uH , L,

=97.5uH=~100pH. (26)
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FIGURE 4. (a) Structural diagram of the controller. (b) Generated pulses.
4. POWER LOSSES
This section provides a detailed description of the influence of the non-idea components of the proposed
converter on overall losses. Conduction losses in the MOSFET and diode, as well as the conduction losses of the
coupled inductors and capacitors, are evaluated by considering non-ideal components. The Zero Voltage
Switching (ZVS) condition ensures that no activation drop occurs for the main switch. However, capacitive turn
on losses of the auxiliary switch are taken into account. the core losses , which are considered negligible, can be
minimized. The conduction losses of the switches are determined based on RMS current, while discharge losses
are calculated based on The drain-source on resistance. The conduction loss of a MOSFET can be estimated as
follows:

Pconductionsw=Rps(Irms s1>Hrms s2>Hrms s32)=0.015(4.12+28.09+0.32)=0.49W. 27)

Due to the Zero-Voltage Switching (ZVS) condition achieved for the main switch, its capacitive turn-on losses
are effectively eliminated. Consequently, only the capacitive turn-on losses associated with the auxiliary switch
remain, which can be quantified as follows:

Petosi= Couts Ve fs==*289%10712%982%100*103=0.139W. (28)
2 2

The conduction losses associated with all diodes are determined by their respective forward voltage drops and
the average current flowing through each device. These parameters can be derived as follows:

Vi(Lave D1t lavg D2 Havg'Ds + Lavg'ps) =1.5(0.94+0.94+0.82+0.8) =5.19 W. (29)
P conduction'D :VfIangal +VfIanga2:1.5(0-01"‘0-036) =0.069 W. (30)

The conduction losses in the inductors are also taken into account due to the presence of their inherent parasitic
resistances. These losses are evaluated using the following expressions:

PCapacitors:RCIIRMS‘C12+RC21RMS‘C22+RCoIRMS‘C02 =0.2% (0.65)2+0.2*(0.99)2+2.3 *(0.3 7)2:0.65W. 31

The power losses associated with the capacitors are also taken into account, as they are a function of the
equivalent series resistance (ESR) and the current flowing through them. These losses are computed as follows:

_ 2 2 2 2 2 2
Pwinding=RriIrms L1+ RL2IRMs 12" R Lm3IRMS L3 “+ RLmalRMS Lma T REms [RMs Lns“+HRimslrMs Lme T RikalrRMs Lia

?=(0.98+0.85+0.93+0.87+0.63+0.65=4.91W. (32)
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FIGURE 5. (a)Efficiency of the recommended converter. (b)The losses distribution of the recommended
converter.

5. EXPERIMENTAL RESULTS

The 300W prototype of the hypothetical converter described in the previous section was created for feasibility
testing. All switches and diodes are model numbers C3M0015065D and MURSG60. In this section, we present the
experimental results for the proposed dual-input converter. Figure 6 shows a photograph of the recommended
converter. In Figures 7(a) and (b), it can be observed that the main switches are activated in the Zero Voltage
Switching (ZVS) state and disabled in the Zero Voltage (ZV) state. As shown in Figure 7(c), the auxiliary switch
is turned off in the Zero Current (ZC) state. The diode in the main circuit is displayed in the zero-voltage state in
Figure 7(d). The simulations and theoretical analysis were verified through experiments. However, the current
waveforms exhibit some amount of ringing, indicating a discrepancy between the simulations, theoretical analysis,
and experimental results. This discrepancy is attributed to the resonance between parasitic capacitors and
inductors. Specifically, the resonant inductor and the auxiliary output capacitor resonate at the same frequency.
Using data collected under controlled laboratory conditions, a performance curve was generated. The efficiency
of the recommended converter is approximately 3% higher than the efficiency of the hard-switching option, as
indicated in the graph. This improvement is achieved by eliminating losses such as line losses. efficiency was
obtained under test conditions comprising a switching frequency of 100 kHz, an ambient temperature of 60°C,
and a nominal load of 200 W.

TABLE 1. Significant design specifications.

symbol component specification

VNt ,Vine Input voltage 24V,60V
Vour Output voltage 310V
Pout Output power 300W

fsw Switching frequency 100kHz

S1,S2,Sa switches C3MO0015065D

D1,D2,D3,D4,D5 diodes MURS860

C1,C2 Charge-pump 20uF
capacitor

Co1,C02,Co3 Output capacitor 10uF
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FIGURE 6. Photograph of the Recommended converter.
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FIGURE 7. (a). Waveforms of Voltage and current. Main switch S;. (b). Waveforms of Voltage and current.
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current. main diode D;.

6. PRACTICAL EMI TEST RESULTS

Electromagnetic interference (EMI) measurements were conducted using a CISPR22-compliant LISN and
a GWINSTEK GSP-830 spectrum analyzer. The EMI performance of the proposed converter, operating under
full load, was compared to that of a conventional hard-switching converter. Both systems used identical
components and setups. In this configuration, the spectrum analyzer was connected to the Rs, respectively as
shown in Figure 8 and the LISN was placed between the converter's input and the power supply's 24V and
60V outputs [28]. Measurements were taken in peak detection mode to account for the significant influence
of common-mode noise on differential-mode interference. Figures 9 and 10 display the EMI characteristics
for both converter types. According to the CISPR 22 standard, the conducted EMI frequency range spans
from 150 kHz to 30 MHz [29], with EMI levels on the vertical axis ranging from 20 dBuV to 100 dBuV.
Specifically, Figures 9(a) and 10(a) show the EMI of the proposed converter, while Figures 9(b) and 10(b)
show the EMI of the hard-switching converter, which recorded peaks of 73 dBuV and 84 dBuV, respectively.
Notably, the proposed converter exhibited an EMI peak of 13 dBuV—9 dBuV lower than the peak observed
in the hard-switching design.

12 This article has license CC BY 4.0 https://creativecommons.org/licenses/by/4.0/
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FIGURE 8. Prototype circuit of CISPR22 LISN [28]
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COMPARATIVE ANALYSIS OF THE PROPOSED CONVERTER AGAINST

Table 2 provides a comparative analysis between the proposed converter and recently reported topologies in terms
of maximum voltage gain, peak voltage stress on switches and diodes, switching technique, efficiency, and the

number of components. The converters presented in [30,3

2] ,[34,35] and [37-40] lack soft-switching capability

13
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and exhibit lower efficiency compared to the proposed design. Although the topology in [33] achieves a desirable
voltage gain and benefits from soft switching, it involves a greater number of components. The converter
introduced in [36] features a lower component count with zero-current switching; however, it shows inferior
performance in terms of voltage gain and voltage stress, and its main switch is subject to capacitive turn-on losses.
The converter in [41] offers an extremely high voltage gain and reduced component count, yet it suffers from high
peak voltage stress across both the switch and the diode.

TABLE 2. The comparison of accomplishing the converters and the proposed structure.

Converter Voltage gain Maximum Maximum soft Efficiency Number of
voltage of  voltage of switching (%)
switch diode MC* SW D C T**
[30] 3-2D Vo v, Hard 91.7 3 303 3 12
(1-D)? 3-2D
[31] 5 14 2V, Hard 94.24 2 2 5 5 14
1-D 5 5
[32] 4 Vo Vo Hard 95 2 2 6 6 16
1-D 4 2
[33] 4 14 Yo ZVS 95 2 2 8 6 18
-D 4 2
[34] 3+4D 14 Y% Hard 94.7 2 2 3 3 10
1-D 2 2
[35] 2 Vo Vo Hard 90.5 2 2 3 4 11
1-D 2 2
[36] n 14 |14 ZCS 94 1 2 4 3 10
1-D n
(37 2nD Vo V Hard 90.2 4 2 6 2 14
1-D 2nD 2-2D
[38] 2 —d)A—d)V, +d,V; Vin Yo Had 93.5 3 4 4 4 15
A-dpd-dy(i—-dy (-dy (C-d)
139] 2+n v, A+mV pHarg 94.5 1 305 3 12
1-D 2+n 2+n
[40] Viny + Vinz (1 — ds) A= a3, Vo Hard 95 303 4 3 13
(1-d)(1—-4dy) 2
[41] Vine Vi (1 + d3) Vo Vo ZVS/ZCS 955 3 4 3 2 11
(1-dy) (1—dy)
proposed 1+2nD Y Vo ZVS 96.3 2 37 5 17
1-D 1+ 2nD 1+ 2nD

8. EXTRACTION OF AUXILIARY CIRCUIT

The proposed converter implements a new auxiliary ZVT circuit, designed to use as few components as possible
in order to achieve a soft-switching state for the power switch. It is recommended to employ a dual-input boost
converter that utilizes zero-voltage transition (ZVT). In addition to the benefits previously discussed for multi-
input converters, the efficiency of the recommended converter is enhanced by using a single auxiliary circuit to
establish soft-switching conditions for all semiconductor components. A sample of this setup is shown in Figure
11.

14 This article has license CC BY 4.0 https://creativecommons.org/licenses/by/4.0/
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FIGURE 11. Extraction high step-up converter with the recommended ZVT auxiliary circuit.

9. CONCLUSIONS

In this study, a novel ZVT converter with dual inputs is proposed. All semiconductor components benefit from
the presence of a soft-switching technique. Various operational modes, simulation results, and experimental
outcomes are analyzed in conjunction with theoretical predictions. The simulation results demonstrate that the
proposed method can improve the efficiency of the converter by approximately 3% at nominal load conditions.
The reported efficiency was obtained under test conditions comprising a switching frequency of 100 kHz, an
ambient temperature of 60°C, and a nominal load of 200 W.
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