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1. INTRODUCTION

Due to the scarcity of fossil fuels, alternative energy sources such as renewable energy sources are
becoming more appealing to researchers. Due to the low voltage ranges generated by Photovoltaic (PV)
systems [1], which are renewable sources of energy are a popular topic [2], [3]. Connecting to the grid side
necessitates the use of a high-efficiency boost converter [4]. The conventional boost converter is the most
common type of boosting voltage [5]. This converter can only convert voltage levels in a limited range. In
addition, to achieve high voltage gain in this converter, the duty cycle must be very high [6]. As a result, the
power semiconductors are subjected to high voltage stress as a result of this problem [6], [7]. The source
current ripple in step-up DC-DC converters should be minimal since a low source current-ripple might cause
an increase in the power producer's lifetime [8]. In reality, limiting the voltage stress on the active switch and
output diode if the output voltage is high is crucial, on the other hand, substantial conduction loss and high
costs would result [9]. Due to parasitic properties like the inductor's internal resistance, traditional boost
converters never create a high voltage [10]. A very short turn-off time will result in a huge peak current as
well as significant conduction and switching losses. One of the key properties of interleaved structures is low
source current ripple [11], [12]. The design given in [11] has a voltage gain that is equivalent to the typical
boost converter. As a result, of high voltage gain, the duty cycle of this converter needs to greatest possible.
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Although despite the fact that the source current ripple in [13] is modest, this converter is subjected to high
voltage stress. The high gain topology presented in [14] suffers from high voltage stress and high source
current-ripple. Increase the turn ratio of the high-frequency transformer in isolated converters to enhance the
voltage ratio [15]. On the other hand, the leaking inductor must be treated with care; otherwise, voltage
spikes will occur throughout the diodes or power switches [16]. Furthermore, due to multistage DC-AC-DC
conversion, system size, and economy are advantages of isolated DC-DC converters [17]. A lot of coupled
inductor-based high step-up converters were created, with high voltage gain achieved by increasing the
coupled inductor's turn ratio to that of isolated converters [18]. Reseachers [19], [20], discusses several
switched-inductor and switched-capacitor structures for extending voltage gain. Introduces a novel multi-
input multi-output, high voltage gain with low voltage stress is obtained in this configuration by the addition
of a switched capacitor [21]-[23].

In the proposed converter high voltage gain with a wide range of duty ratio is achieved with
minimal voltage stress and reduced input current ripple because of these characteristics, this structure might
be a viable renewable energy converter. Because of the discontinuous flow mode's performance, main
switches are automatically turned ON within zero current in the proposed converters, and the yield diodes'
reverse bias issue is reduced. The auxiliary commutation circuits offer a brief if the main switch is switched
OFF, the current becomes zero. Section 2 from this paper included the suggested structure and operational
modes, voltage gain, source current-ripple, and voltage stresses across power semiconductors are discussed.
Section 3 contains the design of considerations and the formulas in detail. In section 4, compare the
performance of the proposed converter with some topology [24], [25]. Finally, in section 5 the
MATLAB/Simulink program results are used to simulate and assess the suggested converter's performance.

2. THE PROPOSED CONVERTER

Figure 1 shows the proposed converter topology, which includes two inductors at the input source
utilizing interleaving technical to reduce source current ripple, and two voltage multiplier units to boost
output voltage. The switches are turned ON and OFF in the specified intervals. These waveforms as shown in
Figure 2 are analyzed in this study as two square waves by the identical duty cycle and 180° phase
difference; hence, the source current ripple and the input filter's volume might be drastically reduced. Each
side of the proposed converter is a conventional converter connected in series with a voltage multiplier. Each
switching capacitor-inductor circuit boosts the output voltage of one side of these converters.
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Figure 1. The proposed converter's schematic diagram

2.1. Analysis of proposed converter in steady-state
The following assumptions are assumed in this section to simplify the analysis:
i)  The proposed converter operates in continuous conduction mode (CCM).
ii)  All of the components are considered to be ideal.
iii) The voltages of capacitors remain constant.
iv) Input voltage is constant.
v) The parasitic resistance of connected inductors and the ESR of capacitors are ignored.
vi) The duty cycle is greater than 50% as shown in Figure 2
vii) Pulse width modulation (PWM) signals control both Q1 and Q2 with a phase shift of 180 degrees as
shown in Figure 2.

Indonesian J Elec Eng & Comp Sci, Vol. 28, No. 1, October 2022: 67-75



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 69

2.2. Circuit modes
The proposed converter operates with a high conversion ratio there for the switches Q1 and Q2 are
driven by turning ON and OFF in the specified intervals with a 180°. Phase difference, and a duty cycle

greater than 0.5 as shown in Figure 2.
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Figure 2. The proposed converter's main waveforms

Mode 1:t, < t < t;: Duration operation in this mode is considered by (D-0.5) T as shown in Figure 2.
Both switches Q1 and Q2 of the proposed converter are turned ON, and the energy increases both inductors
L1 and L2, where the voltage input is applied to two inductors L1 and L2. Mode 1 is indicated in Figure 3.
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Figure 3. The proposed converter in mode 1 and mode 4

Mode 2:t, < t < t,: Duration operation in this mode is considered by (d T) as shown in Figure 2.
Switch Q1 is continue turned ON and switch Q2 is turned OFF, the energy continues to increase in the
inductor L1 and decreases in the inductor L2. Mode 2 is indicated in Figure 4.
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Figure 4. The proposed converter in mode 2

Mode 3: t, <t < t5: Duration operation in this mode is considered by [1-(D+d)] T as shown in
Figure 2, Q1 is remain turned ON, Q2 is remain turned OFF, and D5 is reverse biased. Mode 3 is indicated in
Figure 5.
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Figure 5. The proposed converter in mode 3

Mode 4:t; <t <t,: Duration operation in this mode is considered by (D-0.5) T as shown in
Figure 2, this mode is similar to mode 1.

La(0) = Iy (85) + 72 (£ = t5) ()

L (t) = I5(t3) + % (t—ts) 8)

Mode 5: t, <t < t5: Duration operation in this mode is considered by (d T) as shown in Figure 2.
Switch Q1 is turned OFF, and switch Q2 is continue turned ON, and the energy continues to increase in the
inductor L2 and decreases in the inductor L1. Mode 5 is indicated in Figure 6.

Iy =14 (t4) + Vl%le (t—ty) ©)
La(8) = Iiz(84) + 72 (£ = ) (10)

Mode 6:t; <t < t4: Duration operation in this mode is considered by (1-(D+d)) T as shown in
Figure 2, Switch Q1 is remain turned OFF, and switch Q2 is remain turned ON. Mode 6 is indicated in
Figure 7.
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Figure 7. The proposed converter in mode 6
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2.3. Voltage gain derivation
Based on the principle of the balance of the voltage second, for the inductors (L1, Laul, L2, and
Lau?2), Can be calculated capacitors C1 and C2 voltages can be obtained as (13) to (15).

Ver = S (13)
D
VCZ = m . VCl ,d <KD (14)
Vin
Ver = Vea = b (15)

The capacitors C3 and C4 voltages can be obtained as (16) to (18).

Vin
Ves = 1-p (16)
D
VC4_m'VC3 ;d & D @an
Vin
Vea = Vez = 1D (18)

By using Kirchhoff’s voltage law in the cycle V- Viey-Veoq, it is possible to derive the following (19) to
(21).
2Vin

Veor =Ver + Ve = — (19)

1-D
By using Kirchhoff’s voltage law in the cycle Viz—Vea— Vg,

2Vin

Veoz = Ves + Vea = P

(20)
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By using Kirchhoff’s voltage law in the cycle Vi, V01— Vo— Vo2

Yo _ 34D

Vin T 1-D (21)
2.4. Voltage Stress derivation

The voltage stresses for each of the main switches might be calculated as (22).

Vi

VQ1 = VQ2 =V =Vez = 1_7;) (22)

The voltage stresses across each diode are also computed as (23).
Vin
Vp1 = Vpa = Vp3 = Vpy = Vps = Vp = 1-D (23)

2.5. Current Ripple derivation

The input current ripple of the proposed converter can derive from the sum of the inductor current
ripple in duration mode 1 as shown in Figure 2 and is decreased with increasing duty cycle at fixed level
output voltage, or increasing the switching frequency.

VinD _ VoD.(1-D) = . _ 1

Al = AL, = fsliz  (3+D).fslyz’ fs = T_S' Ly =1L, (24)
Aly, = AIL(IModSe)l + AI(LZMog)el

Vin(D-0. Vin(D-0.
Alin = fsl1 fsL2 (25)
My =280 when 1y =L, = L (26)

3. COMPONENTS DESIGN
3.1. Inductor design
For lossless converters in (CCM) conditions operating, the output power is equal to the input power.

_Volo _ (3+D).Ip

Iinav - Vin 1-D (27)
Lmin = 0; Ipqy = 222 = =L :( At boundary Condition) (28)
The minimum value of the inductance can be obtained as (29).
Rp.D.(1-D)?
Linin 2 ;s-(3+D)2 ; (29)

To design the inductors Laul and Lau2, when the main switches are turned ON, the voltage at the terminals
of the auxiliary inductors can be obtained as (30) and (31).

~ AVc1+AV
VLaul,Z ~ 2

(30)

Viaui,2
L r 31
au1,2 fsDlLqu1,2 ( )

3.2. Capacitors design

For a period (1-D) T, the current flows through the capacitor C2 is half the average input current
and the variable voltage AV, on its could be calculated.

Ver () = [ 22t (32)

Vea(£) =22 (¢ — DT) + V,(DT) ; DT < t < T (33)
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MVey = Ver (T) = Vo (DT) = "2 (1~ D)T (34)
Similarly, the capacitors C;, C; and C, have the same design (35).
€, =Cy=C;3=Cy=-122 (1-D) (35)

T 2fAve

During the operating period specified in the DT period, C,, and C,, feed the load the necessary current.

I1g.D
AV = AVgoq = —szs (36)
_ Ip.D
Ay, = 2'_Co-fs (37)

4. REVIEW OF COMPARISON

Table 1 shows the results of the comparison with the proposed converter compared to alternative
topologies in terms of voltage gain, voltage stress, and current-ripple. Figure 8 compares the voltage ratio to
other topologies in which the voltage gain in Figure 8(a) has been improved, and it is the best of the previous
topologies. Figure 8(b) and Figure 8(c) show low voltage stress on semiconductor switches, indicating that
the duty cycle can be increased to increase the voltage ratio while maintaining stress on main switches.

Table 1. A comparison of the proposed converter with other topologies

Topology C.B converter  [21] [13] [25] [24]  Prop. converter
Active switches 1 1 2 2 1 2
Diodes 1 4 3 2 4 6
Capacitor 1 1 3 3 4 6
Inductors 1 2 2 3 1 2
Voltage gain L D 2 143D 3-D 3+D

g g 1-D 1-D 1V—D 1V—D ‘1/—D 1V—D
H o) in in in
Voltage stress of switch Vo Vo vT 1\7—[) = 1\/__[’
Voltage stress of diodes Vo Vo =2 ZVin  _Yin 1
2 1-D 1-D 1-D
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Figure 8. Comparison with other topologies (a) voltage gain as a function of the duty cycle,
(b) voltage stress across the power switches, and (c) voltage stress across the power diodes

5.  SIMULATION AND RESULTS

The proposed converter is simulated in MATLAB/Simulink program in this section to enhance the
mathematical calculations and the characteristics of the proposed converter simulation model are listed In
Table 2. Figure 9 shows the switching waveforms of the power switch Q1 and Q2, showing up the voltages’
stresses on the power switches is 105 volts, which is consistent with the mathematical results. The average
source current is 12 A, with a current ripple of 0.886 A. The calculated output voltage is 380 V. The output
current is equal to 1.183 A.
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Table 2. Component value of the proposed converter

Parameter Value
Input voltage 38V
Output Voltage 380V
Duty Cycle 64%
Switching frequency 30 KHZ
Output power 450 W
Main inductors 400 pH
Auxiliary inductors 5puH
Capacitors C1~ C4 25 uF
Coland Co2 100 pF
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Figure 9. Simulation results voltages and currents waveform

6. CONCLUSION

A high gain DC-DC converter is provided in this paper. Two thrust converters are combined in
opposite directions with the power supply, switch capacitors are connected on both sides of the output. A
high voltage gain multiplier circuit is provided. Moreover, by using two inductors on both sides of the input,
the ripple of the source current is decreased. For this reason, this converter can be used in renewable energy
due to its qualities. Moreover, with this figure, the voltage stresses across the switches are smaller than they
were previously. Some converters are mentioned for comparison in this study, to validate the mentioned
requirements, and the comparison of this converter with other related converters has been completed. In
addition, to prove the mathematical calculations, the MATLAB/Simulink simulation program is used.
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