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 This manuscript proposes a novel transformer-less, single-switch direct 

current (DC)-DC converter for renewable energy systems (RESs). The main 

aim is to solve the problems of low output voltage generated by photovoltaic 

(PV) arrays and discontinuous input supply current caused by switching 

mode power supplies. The new converter is a combination of a single-ended 

primary inductor, a diode/capacitor circuit, and a conventional quadratic 

boost converter. The main advantages are the higher rate of voltage 

conversion (more than 10 times for duty cycle above 50%), the diminished 

voltage across the active switch with diodes, and diminished gate driver 

necessity because of the use of a single switch with a continual input current 

for raising the PV panel life. Furthermore, the new converter produces low 

switching voltage, which improves system efficiency. The proposed 

converter operating principle and analysis based on steady-state performance 

are discussed. The proposed converter’s performance is assessed using 

simulation in MATLAB/Simulink, and the results were presented. A 100 W 

prototype model of the designed DC-DC converter is also developed, and 

finally, the hardware results were compared with the simulated results. 

Keywords: 

DC-DC converter 

Duty cycle 

High-voltage gain applications 

Photovoltaic system 

Reduced gate driver circuits 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Porselvi Thandavarayan 

Department of Electrical and Electronics Engineering, Puducherry Technological University 

Puducherry, India 

Email: porselvicget@gmail.com 

 

 

1. INTRODUCTION 

Nowadays, the choice of popular power generation system is photovoltaic (PV) power generation 

systems because of the reduction of carbon dioxide (CO2) emissions and adaptation of the resources of clean 

energy. Apart from solar PV and solar heating systems, photons of energy from the sun are also helpful to 

humans indirectly in the form of biomass, wind energy, and hydropower, and have many advantages over 

traditional energy sources [1]–[3]. The production of power by the PV system is very low and it often 

depends on the weather conditions. A direct current (DC)-DC converter is connected between the solar array 

and the consumer end to reduce the number of solar PV panels and boost the voltage level [4]. Every solar 

array system now contained the maximum power point tracking (MPPT) algorithm to extract maximum 

power from PV arrays under fluctuating sun irradiation and load. An algorithm and electronic circuitry are 

used in the MPPT mechanism. Short circuit current approach, constant voltage, open-circuit voltage, 

incremental conductance, perturb and observe, fuzzy logic, neural network, genetic algorithm, and numerous 

MPPT algorithms are investigated. In this technique, for the maximum power transfer from PV source to 

load, the impedance matching condition should be satisfied. The tracked voltage of the PV system has a low 

voltage characteristic in nature and it has to be stepped up using a DC-DC converter [5]–[8]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Much research has been conducted in the field of power electronic DC-DC converters to meet 

industrial requirements, which is essential to raise the output voltage of PV systems to the desired level [9]. 

To stabilize the PV system power output, the duty ratio control of the switch in the power converter is 

required [10]. A standard boost converter is the primary choice for increasing the voltage output [11]. A high 

output voltage can be provided if the boost converter operates at an extreme duty cycle [12]. In addition, 

because of the converters practical internal parameters, very extreme duty cycles minimize the converters 

output voltage [13]. To increase the voltage gain, various research works provide different solutions and are 

categorized as converters that use magnetic coupling, magnetic coupling-free transformers [14]. 

Improvement in the turn ratio of higher frequency transformers will increase the voltage of high-frequency 

transformer-based converters [15]. Voltage spikes are induced by the transformer leakage inductance, which 

causes voltage spikes at active switches. Similarly, coupled inductor approach also suffers from voltage 

spikes due to transformer leakage inductance [16]. By employing a snubber circuit, the energy saved in 

leakage inductance is recycled but this circuit minimizes the efficiency of the converter [17]. Because of their 

simplicity and reduced size, converters that don’t require magnetic coupling have recently gained greater 

interest among researchers [18]. The various transformer-less voltage boosting approaches like switched 

inductors and capacitors, voltage lifting multiplier cells are utilized in various DC-DC converters [19].  

A modified voltage multiplier cell with switched inductors with the gain ratio six times the input 

voltage was proposed [20]. Here, the effectiveness of the converter was improved by less component count. 

An interleaved boost-single‐ended primary‐inductor converter (SEPIC) type DC-DC converter topology 

suitable for DC microgrid was proposed in [21]. This topology solves voltage imbalance problems in 

microgrid with less input current ripple but it employs more switches which makes control more complex. 

Bhaskar et al. [22] has suggested a non-inverting type converter incorporating symmetrical configuration 

multiplier cells to enhance output voltage gain. This makes the selection of components easier but the 

converter has reduced output voltage gain with the high component count. The non-isolated complete soft-

switch boost converter suitable for renewable energy systems (RESs) applications was proposed in [23]. For 

the improvement of voltage gain, the proposed converter used a voltage multiplier cell with a three-winding 

coupled-inductor (TWCI) technique but it is suitable only for low power applications. A quasi-resonant 

higher gain higher efficiency single-ended primary inductor based DC-DC converter was proposed [24]. 

Here, switching power dissipations were minimized by soft-switching operation with the help of the quasi-

resonance (QR) function applied to the middle capacitors and coupled inductor with increased semiconductor 

devices. Interleaved three winding CI DC-DC converters was proposed for fuel cell-based vehicles [25]. The 

low ripple current, as well as higher output voltage, were achieved by using inter-coupled gain cells 

connected in an input parallel with output series configuration the presented converter is better suited for 

high-voltage DC bus applications. 

Numerous studies were already presented in the literature depending on power electronic devices for 

RESs utilizing certain methodologies with features. This paper proposes a transformer-less, high-gain 

converter to enhance the voltage generated by the PV system. The rest of the paper is organized as follows. 

Section 2 represents the standalone PV system configuration with the proposed converter. Section 3 

illustrates the analysis of the new gain DC-DC converter. In section 4, the hardware and simulation outcomes 

with discussion are presented. Section 5 presents the conclusion. 

 

 

2. PROPOSED CONVERTER METHOD 

The new converter has a DC voltage source (Vi), main switch (S), five diodes as D1, D2, D3, D4, and 

D5, three inductors as L1, L2, L3, three capacitors as C1, C2, C3, output diode (D0), and output capacitor (C0). 

The joined operation of the capacitors with source provides the charging of inductors L2 and L3 by capacitor 

C1. Finally, the input source Vg, inductors L2, L3, and capacitor C2, C3 together release energy into the load in 

a series manner. The typical waveforms of the converter are shown in Figure 1which depicts the operation of 

the converter. The circuit diagram of the converter is shown in Figure 2. The proposed converter works in 

steady state with continuous conduction mode (CCM). In CCM, the inductor current flowing through the 

circuit never falls to zero. There are two operating modes during one switching period under CCM. Figure 3 

depicts the equivalent circuits during metal oxide semiconductor field effect transistor (MOSFET) ON period 

(DT) and MOSFET OFF period (1-D) T and the current flow paths for these two operating modes. The 

operating modes are explained in detail as follows. 
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Figure 1. Theoretical waveforms of the proposed converter 
 

 

 
 

Figure 2. Circuit diagram of the proposed converter 

 

 

3. METHOD 

A DC-DC converter suitable for high voltage gain requirement can be designed efficiently by 

analysing the operating modes of the proposed circuit and voltage gain derivation. 

 

3.1.  Operating principle 

Mode 1(0 ≤ t ≤ DT): Figure 3(a) shows the circuit diagram of the proposed converter during mode 

1 operation. During this operating period, when the MOSFET switch S is turned ON, the input voltage source 

magnetizes inductor L1. The capacitor C1 charges the inductors L2, L3, and capacitors C2, C3 in parallel. 

During this state, the inductor magnetizing currents IL1, IL2, and IL3 gradually increase over time. Because the 

two inductors L2 and L3 are charged parallel by C1, their currents are equal. The output capacitor C0 

discharges through the load resistance. Figure 3 depicts the six current flow paths in this mode. The 

following are the relevant equations: 
 

𝑉𝐿1 = 𝑉𝑖 (1) 
 

𝑉𝐿2 = 𝑉𝐶1 (2) 
 

𝑉𝐿3 = 𝑉𝐶1 (3) 
 

Mode 2(DT ≤ t ≤ T): Figure 3(b) shows the circuit diagram of the proposed converter during mode 

2 operation. During this operating period, the semiconductor switch S is turned OFF. The conducting diodes 

D1 and D0 are turned ON, whereas D2, D3, D4, and D5 are reverse biased. The inductors L1, L2, and L3 are 

linearly demagnetized. Through diode D1, the capacitor C1 is charged from L1. In series, the inductors L2, L3, 

and capacitors C2, C3 provide energy to the load. The output voltage is increased in this operation to attain 

the required gain transfer ratio. In this mode, Figure 3(b) shows 2 different current flow paths. The following 

are the associated equations: 
 

𝑉𝐿1 = 𝑉𝑖 − 𝑉𝐶1 (4) 
 

𝑉𝐿2 = 𝑉𝐶1 − 𝑉𝐶2 + 𝑉1 (5) 
 

𝑉𝐿3 = 𝑉𝐶3 + 𝑉1 − 𝑉0 (6) 
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(a) 

 
(b) 

 

Figure 3. Circuit diagram; (a) during mode 1(0 ≤ t ≤ DT) and (b) during mode 2(DT ≤ t ≤ T) 

 

 

3.2.  Gain derivation 

For a given switching period, the net changes in inductance currents are zero value under  

steady-state operating conditions. 

 

∆𝑖𝐿,𝑂𝑁 − ∆𝑖𝐿,𝑂𝐹𝐹 = 0 (7) 

 

With respect to the dc source voltage Vg, the inductor current iL1 increases linearly during the 

switch-on period (DT). Similarly, the current flowing in inductor L1 decreases linearly with reference to the 

difference between input and capacitor C1 voltage during the switch-off period. In (1) and (4) are used to 

calculate the value iL1 during the on and off periods. 

 

∆𝑖𝐿1_𝑂𝑁 =
𝑉𝑖

𝐿1 
𝐷𝑇 (8) 

 

∆𝑖𝐿1_𝑂𝐹𝐹 =
(𝑉𝑖−𝑉𝐶1)

𝐿1 
(1 −  𝐷)𝑇 (9) 

 
𝑉𝑖

𝐿1 
𝐷𝑇 + (1 −  𝐷)𝑇

(𝑉𝑖−𝑉𝐶1)

𝐿1 
= 0 (10) 

 

𝑉𝐶1(1 − 𝐷) = 𝑉𝑖 (11) 
 

The inductor current iL2 increases linearly depending on VC during switch ON period which is 

denoted as DT, whereas, the inductor current iL2 decreases linearly depending on the capacitor C1 and C2 

voltage during the switch OFF period which is denoted as (1-D)T. Hence, the value iL2 during ON and OFF 

periods are expressed in (2) and (5): 
 

𝑉𝐶1

𝐿2 
𝐷𝑇 +

𝑉𝐶1+𝑉𝐶2−𝑉1

𝐿2 
(1 − 𝐷)𝑇 = 0 (12) 

 
𝑉𝐶1

𝐿3 
𝐷𝑇 +

𝑉𝐶3+𝑉1−𝑉0

𝐿3 
(1 − 𝐷)𝑇 = 0 (13) 

 
𝑉𝑖

(1−𝐷)
(3 − 𝐷) = (1 −  𝐷)𝑉0 (14) 

 

𝑉𝑖(3 − 𝐷) = (1 − 𝐷)2𝑉0 (15) 
 

From (15), the voltage gain of the converter is expressed as (16): 
 

𝑉0

𝑉𝑖
=

(3−𝐷)

(1−𝐷)2 (16) 

 

3.3.  Design of the passive components 

The value of input inductor L1 is designed by (17): 
 

𝐿1 =
𝑅0(1−𝐷)4 𝐷

2(3−𝐷)𝑓𝑠
 (17) 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

A novel high-gain DC-DC converter for photovoltaic applications (Porselvi Thandavarayan) 

3923 

Here, switching frequency is denoted as fs, load resistance is denoted as R0, output voltage is 

denoted as V0, and duty ratio is denoted as D. The current flowing through inductors L2 and L3 are similar. 

The value of inductor L2 is described as (18): 
 

𝐿2 =
𝑅0(1−𝐷)2 𝐷

2(3−𝐷)𝑓𝑠
 (18) 

 

The capacitors voltage values is denoted as VC which is directly proportional to the output current, 

converter frequency and duty cycle. When the switch is in ON condition, the energy stored in the capacitors 

are described as (19) to (21): 
 

𝐶1 = (
4𝑉0𝐷

(1−𝐷)∆𝑉𝐶1𝑅0𝑓𝑆
) (19) 

 

𝐶2 = 𝐶3 = (
𝐷𝑉0

∆𝑉𝐶2𝑅0𝑓𝑆
) (20) 

 

𝐶0 = (
𝐷𝑉0

∆𝑉𝐶0𝑓𝑆𝑅0
) (21) 

 

  

4. RESULTS AND DISCUSSION 

This segment provides a detailed explanation of the simulation and hardware outcomes of the new 

high-gain converter. A novel transformer-less, single-switch, high output voltage gain converter for PV 

systems to solve the low voltage generated by solar PV systems and the intermittent input current generated 

due to changes in power supply by increasing the voltage level of the PV array was proposed. The new 

converter is the combination of diode–capacitor circuit and a conventional quadratic boost converter which 

produces higher output voltage with increased system efficiency. 

The proposed novel DC-DC converter’s laboratory model was built for 100 W. The proposed 

converter’s results are evaluated using hardware and software outcomes, which confirms that the proposed 

converter is better suited for high-voltage applications. The prototype constructed is shown in  

Figures 4(a) and (b). Table 1 shows the parameters that were used in this laboratory model. 

 

 

 
(a) 

 
(b) 

 

Figure 4. Laboratory prototype; (a) connection of hardware setup and (b) components framework 

 

 

Table 1. Selected system parameters for the novel converter 
Parameter Value 

Input voltage (Vi) 12 V 

Inductor (L1) 18 µH 

Inductor (L2 and L3) 72 µH 
Capacitor 1 (C1) 70 µF 

Capacitor (C2) 230 µF 

Capacitor (C3) 70 µF 
Power (W) 100 W 

Switching frequency (fs) 50 kHz 

Load resistor (R) 144 Ω 

 

 

The proposed converter simulation studies were done using MATLAB/Simulink. The current 

flowing through the inductors and output voltage waveforms are shown in Figure 5. The proposed converter 

is simulated for the input voltage of 12V and switching pulse of 0.5 duty ratio, as given in Figure 5(a) and (b) 
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respectively. The current flowing via inductor L1 is continuous and shown in Figure 5(c). The current flowing 

through L2 and L3 are continuous and remain stable throughout the switching period as shown in Figure 5(d).  

The operation of the new high gain converter is analyzed and tested for varying duty cycles. For an 

input of 12 V, the output voltage is found to be 106 V while the duty ratio is 0.5, and Figure 5(e) represents this 

output voltage. Capacitor ripple is lesser than 0.5 V during the charging and discharge cycle. By further 

increasing the duty ratio to 0.6, the new converter output voltage increases to 160 V. Hence, it proves that the 

converter proposed is the best option for the higher output voltage applications. 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 

Figure 5. Simulation results; (a) input source voltage, (b) switching pulse waveform, (c) current flowing 

through L1, (d) current flowing through L2 and L3, and (e) voltage across output capacitor C0 
 
 

The experimental outcomes of the proposed converter were given in Figures 6 and 7. The input 

inductor current IL1 is continuous thereby safeguarding PV array lifetime and the current flowing through L2 

and L3 are identical and are depicted in Figure 6(a). Figure 6(b) represents the experimental outcome of 

voltage stress across the switch and is given by 75 V. Figure 7(a) illustrates the voltage across capacitor VC1 
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and is 30 V and VC2 is 45 V. The experimental output voltage and current values are 160 V and 1.5 A for duty 

ratio 0.6 is shown in Figure 7(b). 
 

 

 
(a) 

 
(b) 

 

Figure 6. Hardware results of the proposed converter; (a) current flowing across inductor L1 and L2 and 

(b) voltage across switch S 

 

 

 
(a) 

 
(b) 

 

Figure 7. Hardware results of the proposed converter; (a) voltage across the capacitor ((a) VC1 and (b) VC2) 

and (b) proposed converter output-voltage (V0) and output-current (I0) 
 
 

Figure 8(a) shows the analysis of output voltage levels based on the duty cycle. At 50% duty ratio, 

the output voltage becomes 106 V. At 60% duty cycle, the output voltage becomes 165 V. From Figure 8(a), 

we can observe that increae in the duty cycle increases the output voltage of the circuit. Analysis of proposed 

converter efficiency is depicted in Figure 8(b). We can infer from the efficiency versus output power plot that 

for 70 W output power, the converter efficiency becomes 93.5%, the efficiency becomes 94% for 100 W 

output power, and so on. From this Figure 8(b), it is observed that the proposed converter efficiency can have 

maximum efficiency of 94.5%. Both simulation and hardware outcomes provide increased output voltage but 

a small difference is observed between them. Table 2 shows the performance comparion of the novel DC-DC 

converter with other existing topologies. In comparison to existing converters, the new converter provides a 

higher output voltage with fewer components, thereby reducing switch stress. 
 

 

 
(a) 

 
(b) 

 

Figure 8. Output performance; (a) analysis of output power based on the duty ratio and (b) efficiency of 

converter 
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Table 2. Recent performance study on the proposed high gain converter with available topologies 

Topology 
Output voltage 

gain 

Switching voltage 

stress /Vo 

Voltage stress 

across diodes/Vo 

Input inductor 

current 

With common 

ground 

Component count 

S D C L 

[10] 3 + 𝐷2 (1 − 𝐷)⁄  (2𝑀 + 1) 4𝑀⁄  (2𝑀 + 1) 4𝑀⁄  Non-pulsating Yes 1 4 4 2 

[26] (3 − 𝐷) (1 − 𝐷)⁄  (𝑀 − 1) 2𝑀⁄  (𝑀 − 1) 2𝑀⁄  Pulsating No 1 4 4 1 

[27] 3 (1 − 𝐷)⁄  1/3 1/3 Continuous Yes 1 5 5 1 

[28] (1 + 2𝐷) (1 − 𝐷)⁄  (2 + 𝑀) 3𝑀⁄  (2 + 𝑀) 3𝑀⁄  Continuous Yes 1 3 5 3 

[29] (2 − 𝐷) ((1 − 𝐷)2)⁄  
(2𝑀)

(2𝑀 + 1)

+√4𝑀 + 1
⁄  (2𝑀)

(2𝑀 + 1)

+√4𝑀 + 1
⁄  

Continuous Yes 1 4 3 2 

[30] (2 + 3𝐷) (1 − 𝐷)⁄  (𝑀 + 3) 4𝑀⁄  (𝑀 + 3) 2𝑀⁄  Pulsating No 2 2 3 3 

Proposed 
converter 

(3 − 𝐷) (1 − 𝐷)2⁄  (𝑀 + 3) 2𝑀⁄  (𝑀 + 3) 𝑀⁄  Continuous Yes 1 5 3 3 

 

 

5. CONCLUSION 

A novel-high-gain DC-DC converter useful for solar PV applications is proposed in this paper. The 

new converter provides higher voltage gain without using a coupled inductor or a transformer. The series-

parallel charging and discharging of the converter passive elements reduces the switching voltage stress and 

low switch resistance. The performance of the proposed converter was tested using a prototype model built in 

the laboratory. To compare the performance of the proposed converter, simulation studies were also done. 

The simulation outcome demonstrates the output voltage as 160 V and also experimental results prove that 

the proposed converter is operated with maximum gain practically. The efficiency is analyzed under different 

duty cycles. Also, when the duty ratio is increased to 0.6, the proposed converter output is also increases and 

reaches a value of 160V. From the experimental outcomes, we can conclude that the proposed converter 

circuit is the better option for higher output voltage applications. 
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