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Abstract:- The globe is currently seeing an unheard-of drive toward renewable energy due to growing concerns about climate change. Small, distributed types of generation, like solar photovoltaic, played a significant part in shifting to a clean energy future due to economic factors and governmental laws. DC-DC converters are essential in the generation of solar PV electricity because they regulate the output voltage relying on the input voltage. The conventional boost converter (CBC) has minimal output voltage gain, and voltage stress at a switch is typically equivalent to the output voltage. The voltage produced by distribution generation (DG) sources is minimal, necessitating the use of high-gain boost converters. This proposed study is concerned with the development of an improved architecture of non-isolated high-gain DC-DC converters for PV applications, which provides quadratic output voltage gain and reduced voltage stress across a switch. The proposed configuration of the converter is comprised of a conventional quadratic boost converter with a voltage lift cell, which provides a high gain.  The topological benefit is the use of a single switch with a lower number of inductors which reduces the circuit bulkiness. The developed topology was contrasted in terms of voltage gain, number of passive components used, and switch stress with other recently presented topologies. The simulation was performed using MATLAB/SIMULINK, and the output voltage gain was verified by prototype experimental results employing the simulation data.
1. Introduction
Modern research is being done in numerous fields to find ways to minimize greenhouse gas emissions since the problem of global warming is getting worse. In general, the main source of greenhouse gas emissions is the combustion of fossil fuels.  Renewable energy is the best option now on the market for cleaning up the environment. Despite the fact that nuclear energy has ability to produce environmentally friendly, sustainable energy, its post-processing (i.e., confining radioactive waste) is extremely hazardous to ecosystems and will have a long-lasting negative impact [1–2]. Renewable energy sources (RES), primarily solar photovoltaic (PV) energy, are the dominant practical source of large amounts of energy, and they will soon completely replace fossil fuel-based energy systems. However, each solar PV cell has a relatively low output voltage due to several restrictions, whereas many electrical appliances have until now needed a considerably greater output voltage, in DC as well as in AC. Solar cells were interconnected in series and parallel to increase the voltage level and power generation, but that is still insufficient. However, since the solar module's output voltage can only deliver up to 48 V, a power electronics DC-DC boost converter is required to supply the requisite amount of output voltage [3]. Various conventional boost converter topologies have been devised thus far, but conventional topologies have the drawback of lower gain with high switch stress, so an improved DC-DC converter, the high-gain converter, has been introduced, which generates a high voltage gain while reducing switch stress [4]. The configuration of High-gain converters can be isolated or non-isolated; non-isolated high-gain converters are commonly employed in medium-power applications because of their inexpensive price and high efficiency. A number of topologies have been introduced by researchers, each of which has its own benefits and drawbacks [5]. Generally, the high gain is obtained by the switched-inductor, voltage multiplier circuits (VMC), and switched-capacitors. Non-isolated high gain is frequently used in microgrid applications. 
The layout of RESs is shown in Fig. 1, however, because they only offer a modest output voltage (12–48 V), the output voltage must be raised to 200–500 V for applications involving an AC microgrid or battery systems.


Fig. 1. Architecture of High gain converter with Microgrid Application 

The implementation of isolated high-gain quadratic boost converters in [6, 7] uses coupled inductors with high voltage gain and minimal switching stress at power electronics components. In comparison to [5], the topology in [6] features a doubler circuit that produced a high voltage and generates a larger gain. Although switching losses are eliminated by soft-switched dc-dc converters [8, 9], their prototype development and operation are challenging. Numerous Z-source converters [10–13] with distinctive impedance networks have been presented in the literature. In order to attain a significant voltage gain, minimal capacitor voltage stress, and steady input current are required, a quasi-Z source converter is developed in [12], utilising a switched capacitor and switched inductor arrangement; nevertheless, the architecture lacks a common ground. In [13], a combination of the traditional Z-source converter and the hybrid quasi-Z source topology is presented.
[14–19] discusses a group of switched capacitor converters and non-isolated switched inductors. The converter suggested in [14] features minimal input current ripples, a common ground, a switching capacitor, and quadratic gain. Due to the lack of a transformer, the converter is lightweight and suitable for PV applications. The authors of [15] have developed a switched-inductor step-up converter with low voltage gain and high switch strains, but negligible inductor current stress. When compared to [18], which has switching devices with the same duty ratio, the dual duty ratio and three switches architecture in [16, 17] increase the circuit's complexity. In contrast to [17, 18], a non-isolated topology is presented in [19]. It features a straightforward design, a high voltage gain, and lower voltage stresses on diodes, switches, and capacitors. Its symmetrical construction makes choosing the parts and the design easier. [20] implements a single-switch non-isolated topology with little switch stress. The transformer-less converter is suggested in [21]. It comprised a VMC with two inductors, one switch, and a gain that is six times greater than that of a standard boost converter.
A modified CUK converter with switching capacitors is suggested in [22]. For applications requiring continuous input for renewable energy, the authors in [23] presented a buck-boost converter. Around the 56.5% duty cycle, the converter displays excellent efficiency, exceeding 95%; nevertheless, the switching stress also significantly rises. It is suggested in [24] to use active-passive inductor cells (APIC) in an extensible boost converter. When the number of APICs rises, the efficiency and voltage gain at a lower duty ratio decrease significantly. The authors in [25] developed an extended boost converter by sandwiching a cell comprised of switching capacitors and inductors between two conventional boost converters. Even if the duty ratio fluctuates from 30% to 70%, the converter maintains the same voltage gain for the analogous duty ratio, which is nearly constant. In [26], a quadratic boost converter is suggested. When compared to other topologies with a comparable design, the converter's gain is smaller. In [27–32], a number of quadratic boost converters are described, each with a unique combination of benefits and drawbacks. An improved quadratic boost converter is developed in [28] and produces double the voltage gain compared to a simple quadratic boost converter described by the authors in [27], which lacks a common ground. The converter provided in [29] has a common ground but a lesser gain than the topology proposed in [30], which lacks ground. The quadratic converter the authors of [31] suggest has more components than [32], but it has a larger gain at the expense of a worse efficiency because of an increase in heat losses. In [33], the author presents the analysis and mathematical modelling of a cascaded quadratic boost converter, and [34-35] is the switched capacitor-based boost converter that enhances voltage gain with low current ripples; both have the equal number of components, but [35] provides the higher gain, whereas [36-37] presents the topology of buck-boost modes with a single switch at a low duty ratio, which increases its applications in a wide area. Topology in [38–40] presented a boosted voltage with lower stress at the switch and lower current ripples at a low duty ratio. However, [38] has the same number of elements compared to [39] but generates a lower voltage gain. Similarly, [40] has a greater number of passive elements compared with [39], but produces the same voltage gain. The converters in [41–43] suggested a topology with a higher number of passive elements and a higher gain that also incorporated continuous input current. Similarly, the presented topologies in [44–45] are for PV applications to generate a higher gain with dual switches, and stresses at the switches are also lower with lower ripples. The trade-off between the number of passive components and efficiency with higher gain must be maintained to use topology for any application.
This paper describes the development of a newly enhanced, high-gain quadratic boost converter using a voltage multiplier cell. The suggested converter might be employed in any case where a non-isolated high-gain converter would be desirable. The advantages of converters over previously developed, non-isolated, high-gain DC-DC boost converters include some of the following.
1. Only one switch is used to get the high output voltage gain, which is the first possible advantage over earlier research that used many switches to boost the output voltage level.
2. Another benefit is the control method, which for a single switch-based architecture is often fairly simple.
3. The voltage stress across a switch is modest, which is almost equivalent to half of the output voltage level.

2. Evolution of proposed topology
2.1 Conventional quadratic boost converter (CBQC)
A conventional quadratic boost DC-DC converter consists of 2 inductors, 3 diodes, and 2 capacitors with a single switch, as illustrated in Fig. 2. Te output voltage gain provided by CBQC is ,when the switch is turned ON, diodes D1 and D3 are reverse biased, and capacitor C2 transfers energy to the load while the inductor L1 is charged by input supply and L2 is charged by capacitor C1. And when the switch is OFF, diode D2 is reverse biased, and diodes D1 and D3 boost the voltage level by transferring the energies of both inductors L1 and L2.


Fig.2 Conventional quadratic Boost converter

2.2 Voltage Multiplier cell (VMC)
The topology of the voltage multiplier cell is shown in Fig. 3, in which the components consist of 1 inductor, 3 diodes, and 3 capacitors, along with a single switch. The operation of the topology is as follows: When the switch is turned ON, diodes D1 and D3 are reverse biased, and capacitors C2 and C3 transmit the energy to the load while inductor L1 charges through the supply voltage. On the other hand, when the switch is in the OFF position, diode D2 is reverse biased, and the circuit is completed by the forward biassing of diodes D1 and D3, through which the capacitors supply energy to the load and enhance the voltage level by the formula of voltage gain is  .


Fig.3 Topology with Voltage Multiplier cell

2.3 Proposed topology of Quadratic Boost converter with voltage multiplier cell
Fig. 4 shows the proposed topology of a high-gain converter made up of a conventional quadratic DC-DC boost converter (CQBC) and a voltage multiplier cell. The generalised circuit diagram consists of 2 inductors, 4 capacitors, and 5 diodes, majorly with a single switch. The absence of a high-frequency transformer in the non-isolated converter contributes to its reduced bulk, size, and cost. When compared to isolated converters, this allows for easier topology control.


Fig.4 Proposed topology of non-isolated High gain DC-DC converter

3. Operating Modes of DC-DC converter
3.1 Operation principle of proposed topology in Continuous conduction mode (CCM)
There are 2 modes of operation of converter in which it operates and both the modes are explained as follows-
Mode-I  When the switch is ON (0-DT)
The drain terminal is internally linked to the ground when the switch is turned on by the PWM pulse, which permits energy to be transferred from the source voltage to the passive components. Fig. 5 shows the mode-I operation of the converter. The diodes D1, D3, and D5 are reverse-biased during this mode of conduction, and C2 and C4 transfer energy to the load. The inductor L1 is charged through the input supply, and the capacitor C1 charges the second inductor L2.
The characteristics equations obtained by KVL and KCL in mode-I circuit shown below-
	VL1  = Vin     
	(1)

	VL2 = VC1
	(2)

	VO = VC3 + VC4
	(3)

	VC2 = VC3
	(4)

	IL1  = Iin     
	(5)

	IL2  = VC1    
	(6)

	IC3  = IO     
	(7)

	VD2  = IL1     
	(8)





Fig. 5 Conduction principle of a converter in Mode-I

Mode-II  When switch is OFF (DT-T)
The circuit diagram of mode -II when the switch is at OFF position by removing the PWM pulse is depicts in Fig. 6. Moreover, in this operation, the diodes D2 and D4 are reverse-biased, through which the inductors supply stored energies to the load. The circuit is completed by forward biassing the diodes D1, D3, and D5, through which the voltage at the load equals the voltages at capacitors C3 and C4.
The equations obtained by the use of KVL and KCL in mode-II shown below-
	
	(9)

	
	(10)

	VO = VC3 + VC
	(11)

	VC2 = VC3 =VC4 = VO/2
	(12)

	IC2 = IL2 – IL1
	(13)

	ID1 = IL1
	(14)

	ID4 = -(IL1 + IL2)
	(15)

	IC4 = IL2 - IO
	(16)





Fig. 6 Conduction principle of converter in Mode-II
From the volt-sec balance on inductor L1

DVin + (1- D)(Vin -VC1) = 0

Similarly, Volt-sec balance on L2

DVC1 + (1-D)(VC1 – VC4) =  0
DVC1 + VC1 – VO/2 -DVC1 + DVO/2 = 0


	      

	 
(17)


Eq. (17) illustrates the voltage gain of the proposed topology, which is quadratic in nature and indicates that when the duty ratio increases, output voltage also increases; however, the proposed topology of the converter is capable of providing high output voltage with a high duty ratio from a low level of input voltage.
3.1.1 Designing of passive elements:-
3.1.1.1 Design of the inductor- 
The ripples in current and supply voltage across it were used to design the inductors for this developed topology. According to the mode-I of operation, the differential equation for each inductor is as follows: 
From eq. (1) and (2) it can be rewritten in differential form 
	
	(18)

	
	(19)

	
	(20)

	
	(21)

	
	(22)

	
	(23)


                                                        
                                    
3.1.1.2 Design of the capacitors-
The minimal allowable ripple in the voltage across it is used to design a capacitor. The capacitor stores the following charge:
	∆Q = C∆VC
	(24)

	IC∆T = C∆VC
	(25)


When Switch is ON, current across the capacitors are shown 
	
	(26)

	
	(27)

	
	(28)

	
	(29)



3.1.2 Voltage stress at switch and power diodes-
The voltage stress at the switch and diodes are given by eq. below. Fig.7  depicts the steady state waveform of currents and voltages across the passive components.
	
	(30)

	
	(31)

	
	(32)





Fig. 7 Steady state waveform in CCM mode

1.2. Operation principle of converter in Discontinuous conduction mode (DCM) of converter:-
The proposed topology can also operate in DCM mode when inductor currents fall below a threshold for a time interval. The converter operates in three sub-modes, which are listed below:
Mode-I: In this mode, the switch is turned ON by applying the switching pulse for a period of time, and inductors are charged through diode D2. This mode operates similarly to steady-state mode-I.
Mode-II: This mode is similar to mode-II under steady-state analysis, switch is turned OFF by switching pulses, and the inductor starts to discharge through D1, D3, and D5. This mode operates for a range of durations: is D+β.
Mode-III: In this mode, the load is provided fully through the output capacitors C3 and C4, and none of the switch or diodes conduct. The mode is used for the (1-D-β) time period.
The inductors are charged from t = 0 to t = DT in mode-I, then discharged in mode-II from DT to T. Some important waveforms of the converter in DCM mode are shown in Fig. 8. As a result, volt-sec balancing across the inductors is used to calculate the voltage gain in DCM.
By using the volt-sec balance on inductor L1 :
	
	(33)


Similarly applying volt-sec balance on inductor L2:
	
	(34)


By equating both the equations, the voltage gain for a DCM mode can be obtain as:
	
	(35)




Fig. 8 Important waveforms of converter in DCM mode 
1.3. Boundary condition for inductors-
The boundary condition depicts the converter's vital conduction situation at the DCM and CCM boundaries. The relationship for the boundary condition may be easily and quickly determined by equating the voltage gains in the CCM and DCM methods, respectively. However, the boundary conditions are evaluated by using inductor currents. Through inductor currents, CCM, DCM, and boundary conditions can be distinguished by the following equations:
	
	(36)

	
	(37)

	
	(38)


The average current across inductors L1 and L2 are shown below- 
	
	   (39)

	
	   (40)

	
	    (41)

	
	    (42)

	
	     (43)

	
	     (44)

	The minimum values of inductor (L1 and L2) required for the CCM, DCM and Boundary condition is shown by Fig.9 for load 300Ω, Vo is 120V at Vin is 15V.
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Fig. 9 Minimum inductor values required for CCM, DCM, and boundary condition operation (a) inductor value L1 vs. duty ratio, (b) inductor value L2 vs. duty ratio for 300Ω load, Vin 15V, Vout 120 V.
4. Losses analysis in proposed topology
The loss model has been designed to determine the efficiency by taking into account the loss caused by the parasitic resistance associated with each element of  the converter. Fig.10 depicts the comparable topology arrangement.


Fig. 10 Equivalent circuit diagram of proposed topology with parasitic components

4.1 Calculation of power losses in inductor
The losses occurred in inductor due to parasitic resistance shown below by rms current equations-
	
	(45)

	
	(46)

	
	(47)

	
	(48)


where, rL is the parasitic inductor resistor
The total losses in inductor due to parasitic element are obtained as-
	
	(49)


4.2 Calculation of power losses in capacitor
The power losses due to parasitic resistance associated with capacitors determined through the rms current flowing through it and is obtained through the below equations-
	
	(50)

	
	(51)

	
	(52)

	
	(53)
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	(55)

	
	(56)

	
	(57)


where, rC is parasitic resistor associated with capacitor.
The entire cumulative loss, taking into account all operating capacitors, may be computed as:
	
	(58)


4.3 Calculation of power loss across diode-
The losses that occur in diodes are switching and conduction losses, which are analysed through the thermal modelling of the converter. The thermal modelling is done by the Piecewise Linear Electrical Circuit Simulation (PLECS) software. The Infineon IGW15N120H3 diode model was used, and Fig. 11 shows the conduction and switching losses. The entire power loss across each diode is determined by using the rms current flowing through it:
	
	 (59)

	
	 (60)

	
	  (61)

	
	  (62)

	
	  (63)

	
	   (64)

	
	   (65)

	
	   (66)

	
	   (67)

	
	  (68)

	
	  (69)

	
	  (70)

	
	(71)

	
	(72)

	
	(73)

	
	(74)
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where, rD is parasitic resistor accumulated with diode.
The total losses encountered in diodes can be formulated as below-
	
	(76)
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Fig. 11 Infineon IGW15N120H3 Diode losses a) Conduction losses b) Switching losses
4.4 Calculation of power loss in Switch 
A dominant loss standard in the design of power electronic converters is the formation of heat as a result of thermal losses. The two elements that ultimately cause the performance of the converter to degrade are switching losses and conduction losses. The non-ideal behavior of switch results in conduction loss due to a voltage drop between the switch and corresponding resistance in the ON condition. The Infineon IKB40N65ES5 IGBT model was used for thermal modelling, and Fig. 12 depicts the conduction and switching losses of the switch. By taking into consideration the rms current flowing through it, the total losses may be estimated and are displayed below:
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where, switch ON time,
 = switch OFF time
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Fig. 12 Infineon IKB40N65ES5 IGBT model losses a) Conduction losses b) Switching losses


4.5. Efficiency Calculation of converter in Non-ideal condition
By considering all the losses in each component the efficiency can be calculated by below formula-
	
	(85)


The total losses can be summed up as-

	
	(86)


Where, 
	
	

	
	

	
	


Hence, the non-ideal voltage gain can be found as-
	
	(87)


Fig. 13 shows a comparison of the proposed topology's ideal and non-ideal voltage gains. Both voltage gains have approximately the same values up to a duty ratio of 60%. After the duty ratio is at unity, it gradually decreases until it reaches zero. The deviation in output voltage gain is due to inherent parasitic resistances associated with each component.
[image: ]
Fig. 13 Comparison curve of ideal and non-ideal voltage gain vs duty ratio

5. Comparison Analysis with other topologies
This section discussed an overview of newly presented high-gain topologies. The overview of newly proposed high-gain topologies is shown in Table 1, which also tabulates some of the key characteristics of each suggested topology (such as the component number, the normalised switch's voltage stress, etc.). The specification of converter also affects the performance of the boosting level of converter. It should be mentioned that even though the high-gain boost's intended performance is appropriate based on low voltage stress at the switch and a high voltage-gain capacity, it occasionally may need a lot of passive components. There must thus be a trade-off made in order to choose the appropriate application.
Fig. 14 depicts the ideal voltage gain vs. duty ratio from the literature review presented in Table 1. The voltage gain profile of the analysed circuit arrangement is justified by Figure. The voltage gain is confirmed in the next section by both the simulation results and the experimental data.

Table 1 Comparative assessment of presented topologies with proposed topology
	Topology
	Inductor
	Capacitor
	Diode
	Switch
	Total component
	Voltage Gain

	Switch Stress

	Ref.

	CQBC
	2
	2
	3
	1
	8
	
	
	[33]

	Topology 1
	4
	1
	8
	3
	16
	
	
	[34]

	Topology 2
	2
	4
	7
	1
	14
	
	
	[36]

	Topology 3
	4
	6
	3
	1
	14
	
	
	[37]

	Topology 4
	2
	3
	3
	2
	10
	
	
	[35]

	Topology 5
	3
	3
	3
	1
	10
	
	
	[38]

	Topology 6
	1
	4
	4
	1
	10
	
	
	[39]

	Topology 7
	4
	1
	7
	2
	14
	
	
	[15]

	Topology 8
	3
	3
	5
	1
	12
	
	
	[40]

	Topology 9
	2
	3
	3
	2
	10
	
	
	[41]

	Topology 10
	4
	3
	7
	2
	16
	
	
	[42]

	Topology 11
	4
	1
	9
	2
	16
	
	
	[43]

	Topology 12
	2
	2
	4
	2
	12
	
	
	[44]

	Proposed
	2
	4
	5
	1
	12
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Fig. 14 Comparison of various presented topologies with proposed topology 

6. Results and Discussion-
The quantitative characteristics of the proposed high-gain converter are described in this section. The following section contains the full specification of the proposed converter. Table 2 contains a detailed description of the parameter specifications.
Table 2 Specifications of components
	Components
	Specification

	Input Voltage
	15V

	Output Voltage
	83-186V

	Duty ratio
	0.4-0.6

	Switching frequency
	20kHz

	Capacitors
	Punsumi, C1 = 33μf (ESR=0.14Ω), C2 = C3 = C4 = 16μf (ESR=0.1Ω)

	Inductors
	L1 = 2.1mH (ESR=0.1Ω) , L2 = 9mH (ESR=0.21Ω)

	Power IGBT
	KGT25N120NDH, 25A,1200V

	Diodes
	MUR3060PT, NF1807G, 30A/600V

	Microcontroller
	Arduino UNO

	Function generator
	MICRONIX, MFG206, 1mHz-20MHz (p-p= 30V)

	Gate Driver IC
	TLP250H

	Power supply
	Scientech 4181 (0-30V-10A) 

	Input Power
	45W

	Output Power
	42W

	Efficiency 
	93.4%

	Load Resistance
	STEAD Rheostat (1590Ω-0.5A) = 300Ω



6.1 Simulation Results at 0.5 duty ratio- 
In this section, the simulation results for the proposed topology are displayed and discussed. The specification of components for simulation is taken from Table 2. The proposed converter's input is set at 15 volts at a duty cycle of 0.5, resulting in an output of 120 volts, which is equal to ideal voltage gain due to not considering the parasitic resistances of each element. The simulation is carried out in MATLAB/SIMULINK at a 20 kHz frequency.
Fig. 15 represents the simulation waveform of voltages across diodes against a gate pulse. a) switch gate pulse b) voltage across D1 c) voltage across D2 d) voltage across D3 e) voltage stress at D4 f) voltage at D5.
Fig. 16 shows the simulated waveform: a) gate pulse; b) inductor current across L1; c) inductor current across L2; d) voltage stress across the switch; e) output voltage; f) input voltage.
Fig. 17 demonstrates the simulated waveform: a) gate pulse; b) capacitor voltage across C1; c) capacitor voltage of C2; d) capacitor voltage at C3; e) capacitor voltage across C4; f) output current.
[image: ]
Fig. 15 Simulation waveform of voltages across diodes against with gate pulse a) gate pulse of switch b) voltage across Diode D1 c)Voltage across D2 d) voltage across D3 e) Voltage stress at diode D4 f) Voltage at D5.

[image: ]
Fig.16 Simulated waveform a) gate pulse b) inductor current across L1 c) inductor current across L2 d) Voltage stress across switch e) output voltage f) input voltage

[image: ]
Fig. 17 Simulated waveform a) gate pulse b) capacitor voltage across C1 c) capacitor voltage of C2 d) capacitor voltage at C3 e) capacitor voltage across C4 f) output current

6.2 Experimental results-
A hardware prototype is built and tested in the laboratory at 0.4 and 0.5 duty cycles to validate the working principles and improve the capabilities of the proposed topology. The experimental setup of the prototype topology is illustrated in Fig. 18. This section presents and demonstrates the experimental waveforms. The hardware specifications matched those listed in Table 2 for the simulation. For the suggested hardware prototype to operate in CCM mode, a 15-V DC input source is used. The results of the proposed converter are checked for duty ratios of 0.4 and 0.5 for validation of the practical workings of the prototype.


Fig. 18 An experimental setup of proposed converter
Fig. 19(a) and (b) show the waveforms of the peak-to-peak inductors' currents L1 and L2 with the output current for 0.4 and 0.5 duty cycles. The mean values of inductors current L1 and L2 were found to be 3 A and 1.4 A, respectively at 0.5 duty cycle, similarly for 0.4 duty cycle the average currents were found to be 1.2 A and 0.6 A for L1 and L2 respectively . The ripples in inductor currents are less, which eliminates the need for a filter circuit and shows the soft switching of switches. Similarly, Figs. 20(a) and (b) show the input and output voltage results with gate pulses at 0.4 and 0.5 duty cycles, respectively, demonstrating the constant input voltage with an increased output voltage as the duty ratio increases. At a 50% duty ratio, the prototype provides 112V of output voltage, which is greater than 7 times the supply voltage, which validates the result with a simulation result.
Fig. 21 (a) and (b) represents the voltage stress at the switch for the same duty ratios of 0.4 and 0.5 respectively and clearly illustrates that the voltage stress across switch is near half that of the output voltage, which lowers the losses and improves the efficiency of the proposed converter while increasing the lifetime of a switch, whereas the capacitor voltages are shown by Fig. 22 a) and b) at 0.4 and 0.5 duty ratios, respectively. The voltage across capacitor C1 is 24 volts, and capacitors C2, C3, and C4 have 40 volts at a 40% duty ratio. Similarly, for a 50% switching pulse, the voltage across C1 is 28 V and those across C2, C3, and C4 are 50 V, with a lower voltage ripple in both cases.

	

a)
	

b)


Fig. 19 Inductor currents of IL1 and IL2 with output current IO a) at 40% duty cycle b) 50% duty cycle
	

a)
	

b)


Fig. 20 Input and Output voltages with gate pulse a) at 40% duty cycle b) at 50 duty cycle
	

a)
	

b)


Fig. 21 Voltage across switch with gate pulse a) at 40% duty ratio b) at 50% duty ratio
	

a)
	

b)


Fig. 22 Voltages across capacitors C1, C2, C3 and C4 a) at 40% duty ratio b) at 50% duty ratio
Fig. 23 demonstrates the voltages across diodes at a 40 and 50% duty ratio, which clearly shows the voltages at diodes D1 and D2 are nearly less than 25% of the output voltage, whereas diodes D3, D4, and D5 have nearly half  than the output voltage. However, the losses at the diodes are also less. a) Voltage stress at diodes D1, D2, and D3 at 40% duty ratio b) Voltages at diodes D4 and D5 at 40% duty ratio c) Voltage at diodes D1, D2, and D3 with a duty ratio of 50% d) Voltage at diodes D4 and D5 at 50% duty ratio.
	

a)
	

b)

	

c)
	

d)


Fig. 23 Voltages across diodes a) Voltages stress at diode D1, D2 and D3 at 40% duty ratio b) Voltages at diode D4 and D5 at 40% duty ratio c) Voltage at diode D1, D2, D3 at 50% duty ratio d) Voltage at diodes D4 and D5 at 50% duty ratio
Effect of Snubber Circuit:
At the switch nodes of DC-DC converter integrated circuits, several high-frequency noises occur. Such harmonic noise can be reduced by using a snubber circuit. There are several parasitic capacitances and inductors in a real circuit. The energy that has collected in the parasitic inductors creates resonance in the input loop when the high-side switch is set to ON or OFF. Electromagnetic interference (EMI) qualities deteriorate due to very low values for parasitic components that result in resonance frequencies above several hundred MHz. High-frequency noise is often eliminated via RC snubber circuits. A simple RC circuit on the switch node reduces high-frequency noise. The generalised RC circuit diagram across switch with proposed converter is shown in Fig. 24.


Fig. 24 RC snubber circuit with proposed topology

The calculations formula for the RC components are as follows-
	

	(88)

	

	(89)


where Lp and Cp are parasitic elements, their manufacturers either do not reveal their values or, in some situations, their values are too minimal to be used for computing the constants. The experimental results of a prototype without and with a snubber circuit at 50% and 60% are shown below for properly analyzing the effect of using an RC circuit across the switch. The used switch tolerates the high peak of dv/dt easily because of the high voltage rating of the switch; otherwise, the switch can easily be damaged by high peak voltages. However, the use of an RC snubber circuit is necessary because the dv/dt peak degrades the switch's performance. Experimental results demonstrate the peak of 24V in without snubber circuit and with snubber the peak is about 4V at 50% duty ratio. Correspondingly, at 60% duty ratio the peak of voltage is nearly to 150V in without snubber and with snubber the peak reduced to 50V. Hence, snubber circuit is the important part in designing the experimental prototype.
 Fig. 25 represents the results, where (a) and (b) are the results at a 50% duty ratio without and with a snubber circuit, respectively. Similarly, (c) and (d) are the results at a 60% duty ratio with and without a snubber circuit. 
	

Fig (a)
	

Fig (b)

	

Fig (c)
	

Fig (d)



Fig. 25 Experimental results of effect of peak voltages across switch without and with RC snubber circuit (a) at without RC snubber at 50% duty ratio (b) with RC snubber at 50% (c) without snubber at 60% (d) with snubber circuit at 60% duty ratio
Fig. 26 shows how the input current and output voltage change even when the input voltage stays the same. The duty ratio varies nearly between the range of 40% and 55% with the constant input voltage, resulting in a smoothly increasing output voltage and input current by detecting the switching pulse. Similarly, Fig. 27 demonstrates a varying gate pulse of the switch with an output voltage. The output voltage is detectable in this waveform with regard to the gate pulse, and it smoothly follows the switching pulse with less voltage ripples.
	

Fig. 26 Deviation in input current and output voltage with constant input voltage at 40%-55% duty ratio
	

Fig. 27 Deviation of output voltage with gate pulse ranging between 40% to 60%



Fig. 28 illustrated the efficiency of the proposed topology at various input voltages. The maximum efficiency was found to be poor at low input voltages. This is due to the fact that a high current must flow through the circuit to produce the same amount of output power, which led to increased converter losses. If the input voltages were in the range of 15 and 25 volts, the converter efficiency was high. The output of a photovoltaic module is typically 24 volts. Hence, in the 200–300 W power span, the proposed architecture may be utilised to step up the voltage with great efficiency. Fig. 29 shows the loss bifurcation among the components. The PLECS software is used to calculate the system losses. The diodes have the greatest power loss (33%) as seen by the same chart. About 25% of the switch exhibit losses. The average total loss of an inductor is 18%, and  total loss of a capacitor is 24%.
	[image: ]

Fig. 28  Efficiency versus output power at different input voltages
	[image: ]

Fig. 29 Bifurcation of losses of proposed converter



7. Conclusion
This paper examines an improved non-isolated high gain quadratic step-up architecture which generate high voltage gain with a reduced duty cycle, opening up the possibility of its use in the field of distribution generation like solar as well as other applications. To achieve high quadratic voltage gain, the proposed topology used a smaller number of components. Typically, more than three inductors and a large number of diodes are used in converters with quadratic voltage gain. The converter's notable feature is its continuous input current, significantly increases the lifespan of PV panels. The converter is analysed in CCM, DCM, and boundary condition modes, and the theoretical calculations for all the component losses are also presented. The theoretical and experimental results both confirm the achievable voltage gain for this design (i.e., in this research, Vin 15 V is boosted to 112 V output voltage). The prototype circuit provides an efficiency of 93.4%. The experimental prototype validates the proposed non-isolated high gain quadratic boost converter's performance, which is further supported by simulation results from SIMULINK software. Moreover, efficiency may be increased by reducing both the loss caused by the parasitic resistances of passive components and the switching loss (i.e., utilising more efficient power switches).
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