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 This study examines the performance of a high-gain quadratic boost 

converter (QBC) coupled with a self-lift circuit under two control 

methodologies: sliding mode control (SMC) and fractional-order 

proportional integral derivative (FOPID) control. The QBC topology is used 

because it can boost voltage significantly, which is especially useful for 

renewable energy applications. Simulation studies show that both controllers 

can control the output voltage of the converter, but the FOPID controller 

works better in dynamic situations. In particular, it makes settling happen 

faster, cuts down on overshoot, and lowers steady-state error compared to 

the SMC method. The overall results show that the FOPID controller is a 

good choice for improving stability and transient response. This makes it a 

good choice for advanced high-performance power electronic systems. 
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1. INTRODUCTION 

The increasing global dedication to sustainable development has greatly sped up the use of 

renewable energy technologies. In this context, high step-up DC–DC converters are very important for 

photovoltaic (PV) generation, fuel cells, and hybrid electric vehicles (HEVs), where low-level input voltages 

need to be raised to higher levels to work with grid-connected systems and real-world loads. The quadratic 

boost converter (QBC) with a self-lift mechanism stands out among these because it has a high voltage gain 

and better overall efficiency. A control strategy for DC microgrids with variable renewable generation and 

energy storage integration has been delineated in [1], highlighting the necessity for dependable and high-

performance converters. In the same way, [2] looked at autonomous control methods for hybrid microgrids 

with DC links, which showed how important it is for converters to work reliably. 

Several new advanced converter setups have been made available in the last few years to improve 

the conversion of low to high voltage. The designs that use coupled inductors and switched capacitors, as 

described in [3] and [4], get a lot more gain and efficiency, while the changes made in [5] make sure that the 

system works safely, especially when connected to a PV grid. For electric mobility, [6] showed an 

interleaved multi-device converter made for fuel cell HEVs. This made the power density better and the 

energy losses lower. At the same time, [7] suggested predictive control strategies for modular multilevel 

converters that would improve transient response and stability in high step-up applications. 

To reduce switching loss, especially in fuel cell systems, naturally clamped current-fed converters that 

work under ZCS/ZVS conditions were created in [8] and [9]. Switched-inductor and switched-capacitor 

architectures, as explained in [10], made switch use even better. The switched-coupled inductors topology 

https://creativecommons.org/licenses/by-sa/4.0/
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studied in [11] is flexible and can be used in a variety of situations. Also, the voltage-multiplier-based coupled-

inductor converters studied in [12] and [13] were more efficient and had a higher voltage gain for PV systems. 

The three-winding coupled inductor structure shown in [14] is an example of an innovative design 

that greatly improves step-up capability. Preview study [15], a hybrid converter that combines quadratic and 

conventional boost stages was made for PV systems that need high voltage conversion ratios. Interleaved 

converters with diode-capacitor multipliers [16] lower both conduction and switching losses. Single-switch 

Zeta-type [17] and voltage-multiplier-cell-based designs [18] have also added to the list of high-efficiency 

solutions. According to [19], combining active-clamp circuits with voltage multiplier stages led to new types 

of interleaved high step-up converters with better features. Preview study [20] and [21], more work was done 

on coupled inductors and voltage-lift methods, which showed better gain and less stress on the components. 

Hybridized approaches that combine switched-capacitor units, multi-winding coupled inductors, and 

interleaved boost techniques have led to more progress, as shown in [22]-[25]. These advancements 

collectively demonstrate the capabilities of high step-up converters within renewable energy systems. This 

study presents a time-domain analysis of a quadratic boost converter equipped with a self-lift circuit, utilizing 

sliding mode control (SMC) and fractional-order proportional–integral–derivative (FOPID) control for output 

voltage regulation. The suggested topology not only allows for high step-up conversion, but it also reduces 

stress on both active and passive parts. Simulation results show that both the SMC and FOPID controllers can 

effectively regulate, but the FOPID controller has better dynamic performance, with a faster transient 

response and a lower steady-state error than the SMC controller. 
 
 

2. PROPOSED HIGH STEP-UP QBC WITH SELF-LIFT CIRCUIT 

The design incorporates three inductors (denoted as L₁, L₂, and L₃) and five capacitors (C₁, C₂, C₃, 

C₄, and the output capacitor C₀). Additionally, it includes seven diodes (D₀ to D₆) and a single MOSFET 

switch as the primary switching element. Figure 1 illustrates the power circuit layout of the proposed 

converter topology. The self-lift module within the circuit is composed of inductors L₂ and L₃, capacitor C₂, 

and diodes D₂ and D₃. This section is energized through the intermediate capacitor C₁. A separate switched-

capacitor network is formed using capacitors C₃ and C₄ along with diodes D₄ and D₅. Here, capacitor C₃, 

connected in series with the self-lift network, receives its charge from the combined potential of C₄ and C₁. 

Meanwhile, the input inductor L₁ draws energy from the source through diode D₁ during the active switching 

period. In this mode, diode D₇ remains reverse-biased, and the load current is provided solely by the C₀. The 

voltage gain at the output is achieved through the cumulative effect of voltages transferred via diodes D₆ and 

D₇, which become forward-biased during the discharge phase. In parallel, capacitor C₄ is charged by the 

energy stored in i L₂ via diode D₅. All other diodes are non-conducting during this specific operating interval. 

The mathematical expressions characterizing Mode 2 behaviour are derived in the subsequent section. 
 
 

 
 

Figure 1. High step-up QBC with self-lift circuit 
 
 

3. SIMULATION OF PROPOSED CONVERTER 

The performance of a quadratic boost converter (QBC) combined with a self-lift configuration was 

analyzed through simulation under two different control methods: closed-loop sliding mode control (SMC) 

and a fractional-order proportional–integral–derivative (FOPID) controller. Simulation outcomes revealed 

that the FOPID controller achieved a higher output voltage than the SMC. The complete closed-loop 

schematic, where the QBC with the self-lift stage is regulated by the FOPID controller, is shown in Figure 2. 

The input supply voltage of 35 V is provided in Figure 3. The output voltage response across the resistive 

load, illustrated in Figure 4, reaches nearly 473 V. Figure 5 depicts the corresponding load current of about 

9.5 A, while Figure 6 highlights the power delivered to the load, which is approximately 4470 W. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Time-domain performance analysis of high step-up QBC with self-lift circuit (Subbulakshmy Ramamurthi) 

2493 

 
 

Figure 2. FOPID system 
 
 

 
 

Figure 3. Input voltage 
 
 

 
 

Figure 4. Output voltage across R-load 
 

 

 
 

Figure 5. Output current through R-load 
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Figure 7 shows the schematic of the proposed system, where a quadratic boost converter (QBC) is 

combined with a self-lift circuit and regulated through a closed-loop sliding mode control (SMC) strategy. 

The applied input voltage of 35 V is illustrated in Figure 8. The output voltage across the resistive load, as 

presented in Figure 9, stabilizes at nearly 473 V. The corresponding load current, depicted in Figure 10, is 

approximately 9.5 A.  
 

 

 
 

Figure 6. Output power 
 

 

 
 

Figure 7. SMC system 
 
 

 
 

Figure 8. Input voltage 
 
 

 
 

Figure 9. Output voltage across R-load 
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Figure 10. Output current through R-load 

 

 

4. HARDWARE IMPLEMENTATION 

The proposed high-step-up quadratic boost converter employing a self-lift technique was designed, 

developed, and tested to validate the simulation results. The hardware prototype delivers around  

1 kW power and operates at a switching frequency of 10 kHz. A PIC18F25K20 microcontroller generates the 

PWM signals, which are isolated using a TLP250 opto-coupler and fed to the MOSFET driver. An IR840 

MOSFET (600 V, 8 A) serves as the main switch, and 1000 V, 3 A diodes are used for rectification. The 

inductors L₁, L₂, and L₃ (10 µH ferrite cores) and capacitors C₁ = 1µF, C₂ = 47 µF, C₃ = 33 pF, C₀ = 2.2 µF 

ensure smooth energy transfer and reduced ripple. The experimental results closely matched the simulation 

outcomes, proving the effectiveness of the proposed converter. 

Figure 11 shows the prototype of the QBC, which includes the power circuit, control circuit, and 

gate driver section. The input voltage waveform is depicted in Figure 12, confirming a stable 30 V DC 

supply. The gate pulse waveform generated by the controller is shown in Figure 13, indicating proper 

switching operation of the MOSFET. The corresponding output voltage waveform, shown in Figure 14, 

illustrates that the converter effectively boosts the input voltage to 473 V with minimal ripple. The 

experimental results validate the theoretical and simulated performance of the proposed converter, 

confirming its suitability for high-gain DC conversion applications. 

 

 

Table 1. Hardware parameters 
Name Rating Name Rating 

Capacitor (C1) 1 µF Diode 1000 V, 3 A 

Capacitor (C2) 47 µF Inductance (L1, L2&L3) 10 uH 

Capacitor (C3) 33 pF MOSFET(IR840) 600 V, 8 A 

Capacitor (C0) 2.2 µF   

 

 

 
 

Figure 11. Prototype of QBC 
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Figure 12. Input voltage 

 

 

 
 

Figure 13. Gate pulse 
 

 

 
 

Figure 14. Output voltage 
 

 

5. COMPARISON OF FOPID AND SMC CONTROLLERS 

Table 2 provides a comparative evaluation of the time-domain characteristics of the proposed high 

step-up quadratic boost converter with a self-lift configuration, operated under FOPID and SMC controllers. 

To complement this, Figure 15 presents a bar chart that visually contrasts the performance indices of both 

control strategies. The results indicate that the SMC controller offers superior transient response across all 

measured parameters. The rise time improves from 0.31 s with FOPID to 0.29 s under SMC, while the peak 

time is slightly shortened from 0.34 s to 0.33 s. A more notable improvement is observed in the settling time, 

which decreases from 0.65 s (FOPID) to 0.47 s (SMC). Additionally, the steady-state error is significantly 

minimized, dropping from 1.78 V with FOPID to 0.93 V under SMC control.  
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Figure 15. Comparison of controllers 

 

 

Table 2. Comparison of output voltage, output current, and output power 

Controllers Rise time (s) Peak time (s) Setting time (s) Steady state error (V) 

FOPID 0.31 0.34 0.65 1.78 
SMC 0.29 0.33 0.47 0.93 

 

 

6. CONCLUSION 

This study compared two cutting-edge control methods: fractional order proportional-integral-

derivative (FOPID) control and sliding mode control (SMC) for a high step-up quadratic boost converter 

(QBC) combined with a self-lift circuit. In terms of transient behaviour, the FOPID controller continuously 

beats SMC, giving faster settling times, less overshoot, and noticeably lower steady-state error, according to 

thorough time-domain simulations. These performance gains are a result of the FOPID controller's increased 

flexibility and accuracy in controlling converter output in dynamic operating environments. Additionally, the 

QBC topology's incorporation of the self-lift mechanism leads to a significant improvement in output voltage 

gain, current delivery, and overall power efficiency. For applications requiring high voltage levels, such as 

low-voltage DC distribution networks, sustainable energy systems, and electric mobility, the designed 

converter architecture works incredibly well. 
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