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Abstract: A non-isolated high-step-up DC-DC converter using the classic boost architecture is proposed in this study,
functioning continuously in input-current mode. Low efficiency, complex control, and discontinuous current plague
conventional voltage multiplier converters (VMCs). An interactive ZQR (Z-Quasi Resonant) network boosts voltage gain to
improve stability. The high-side switch circuit design uses a single high-side switch to simplify driving circuitry and produce
high gain using a single MOSFET and five diodes, reducing component count and system cost. A complete theoretical
examination of ideal and non-ideal CCM operation was done. CCM operating conditions, voltage gain, and efficiency
sensitivities are defined in the study, along with comparative charts showing performance across different parameters. In
addition to the non-isolated design, this section covers an isolated bipolar DC-DC converter for energy storage integration in
EV charging systems. This structure provides decoupled bipolar outputs for balanced, efficient, and stable EV battery charging,
prolonging battery life and enhancing charging dependability. A PIC16F84A microcontroller-based hardware implementation
with accurate switching pulses is described for power conversion and maximum performance. The recommended converters
for next-generation EV charging technologies have high gain, ease of construction, and stable isolated operation, demonstrating
their viability.
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1. Introduction

With the rapid advancement of power electronics, the need for efficient, small, and dependable DC-DC converters in renewable
energy systems, electric vehicles (EVs), and microgrid applications has increased significantly. In this scenario, high-gain DC-
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DC converters are required to convert a small amount of energy at one input voltage level to the higher voltage required by
loads or storage devices in the sectors. Take EV battery charging or energy storage integration, for instance: it is not only
required that the converters have a high voltage gain, but that they also meet requirements for reliability, compactness, and
efficiency. Meeting these requirements, however, has proven difficult, as it also requires trade-offs among voltage gain, device
stress, the number of components used, and system performance. There are two main classes of DC-DC converters: isolated
and non-isolated. There are also non-isolated converters that use a high-frequency transformer to control the voltage gain via
the transformer's turn ratio. This property makes them very attractive to applications that require galvanic isolation, such as
microgrids and EV systems. The transformer also shields loads from input-source faults, enhancing safety and efficiency in
step-up applications. However, transformers introduce serious drawbacks, and the logic circuits are large, power-dense, and
expensive. Moreover, suppressing loads such as leakage inductance and parasitic effects increases circuit complexity and raises
reliability concerns.

Therefore, although isolation converters are essential for some applications, due to their limitations, non-isolation converters
are of interest, particularly when power density and small size are required [1]. Among these non-isolated topologies, the boost
converter is the simplest and most common. This maintains a constant current into the input, reducing current stress on the
input filter capacitor and improving reliability. Conventionally, a low-side MOSFET is used in the boost converter to simplify
the driving circuit. However, these benefits come at the cost of a voltage gain that heavily relies on the duty cycle in a standard
boost converter. Though it generates a high output voltage at low duty cycles, the maximum voltage gain is limited. So, it is
not suitable for a high step-up application. To overcome this limitation, many modifications and new topologies were proposed.
A specific class of topologies is the so-called quadratic boost converter, which, in theory, offers a squared voltage gain
compared to the classical boost design. Although the quadratic converters may double the input voltage at the output, they are
not free of disadvantages. Some of these include a lack of a common input-output ground, increased input current ripple, and
heavy voltage stress in some semiconductor devices. For example, in most quadratic topologies, the second diode experiences
greater output-voltage stress, requiring high-voltage-rated components. In addition, quadratic topologies will likely require two
switches, thereby complicating the scheme and reducing overall reliability [2].

Others use three inductors, which increases bulk and expense but does not yet achieve the needed voltage gain at appropriate
duty cycles. To address these challenges, researchers developed complex one-switch topologies that achieved double the
voltage gain of quadratic converters. For instance, some designs have achieved an 8-fold gain at 50% duty cycle, exceeding
those of conventional quadratic solutions. Such topologies, however, are typically characterised by high input current ripple,
leading to low efficiency and increased input capacitor stress. Other approaches, including the use of boost converters with
super-lift Luo or the buck-boost topologies combined, have also been investigated. The hybrid circuits use voltage-lift principles
to achieve gain extension but are typically two-switch-based, which again leads to reliability issues and increased control
complexity.

Semiconductors are often also subjected to voltages exceeding the output voltage, requiring more resilient devices that raise
costs and limit practical use. The second promising area is the hybridisation of the boost and SEPIC topologies, which can
achieve high gains while maintaining continuous input current. Yet, such methods typically use three inductors and a
combination of passive components, leading to higher bulk and lower power density [3]. Further, their performance at moderate
duty cycles continues to lag behind next-generation requirements for high-gain applications, especially in EV systems where
compactness and reliability matter. Given these limits, the current study proposes a novel non-isolated high-gain converter that
addresses the shortcomings of previous topologies.

The new architecture has one switch, three inductors, five diodes, and three capacitors. Establishing a common ground point
between the source and load allows a continuous input current waveform, reducing ripple current and input filter capacitor
stress. Unlike traditional low-side-switched boost converters, this configuration employs a high-side switch but with a relatively
straightforward driver circuit. The method achieves 8x voltage gain at 50% duty cycle, approximately doubling the gain of
traditional quadratic boost converters without requiring multi-switched or transformer-based circuits. The most vital aspect of
the given topology is the use of a Z-Quasi Resonant (ZQR) network, seamlessly integrated into the design. The incorporation
of the ZQR network reduces device voltage stress, eliminates unwanted transients, and improves converter reliability.

The inclusion helps smooth operation in continuous conduction mode (CCM), which is required to achieve high efficiency and
minimise component stress [4]. In addition, the ZQR network reduces the negative impact of high input current ripple, making
the converter optimal for sensitive applications such as EV battery charging and renewable energy systems. The innovation in
this research is not only the compact one-switch configuration and enhanced voltage gain, but also the balanced trade-offs
among efficiency, reliability, and power density. The suggested converter breaks the limits of quadratic and hybrid topologies
by achieving high gain at moderate duty cycles without a large structure. It thus constitutes an appealing solution for efficient,
lightweight, and robust high-gain conversion applications.

Vol.1, No.2, 2025 72



2. Literature Review

This study focuses on the Z-Quasi Resonant (ZQR) network, a multi-port, non-isolated (dual-input, single-output) DC/DC
power electronic interface. The converter handles both grid and PV input sources [5]. The ZQR network employing the
proposed DC/DC converter has zero-current turn-on, high voltage gain, and low voltage stress on converter switches at up to
40% duty ratio, with fewer switches than standard DC/DC converters. The converter has the above-mentioned capability,
allowing it to be used in situations where a high voltage gain is required for off-board charging of an EV (electric vehicle).
More input and output ports might be added to the suggested multi-port ZQR converter without reducing its efficiency or gain.
Even if one of the charging sources fails, the intended converter will continue to operate. Using the basic laws governing
converter performance, the proposed converter is mathematically modelled and tested in MATLAB/Simulink under a range of
operating conditions. This paper also includes a comparison of the constructed multiport ZQR DC/DC converter with topologies
reported in the literature, as well as a thorough study of both steady-state and dynamic performance. A 300 W prototype unit
with a switching frequency of 20 kHz was built to test the proposed converter's efficacy. The experimental findings validate
the theoretical study's efficacy, the previously mentioned benefits, and the features of the proposed multiport ZQR DC/DC
converter. In Choudhary and Elangovan [6] and Khan and Thakre [7], high-step-up dc-dc converters are needed to control
power flow in photovoltaic (PV) systems.

In transformer-less topologies, dc-dc converters with high voltage gain are the answer, since the output voltage of solar sources
is lower than the grid voltage. The topology being discussed is intended for use in unfolding inverters and current-source
inverters (CSI). Furthermore, theoretical analysis is verified using a 200W prototype. Finally, to confirm its use in unfolding
inverters, a dc rectified sinusoidal output current modulation is carried out. In [8], Anto and Sunny proposed a current-fed
resonant inverter. The high-voltage transformer's step-up ratio is kept very low to reduce the effects of its leakage inductance
and other nonidealities. Additionally, to achieve a soft-switched conversion, the parasitic capacitance of the HV transformer
and switches, as well as the leakage inductance, are employed as resonant components. ZCS, which operates over a broad load
range, is used to gently switch the switches. The transformer's secondary side uses a collection of Cockroft-Walton multipliers
to achieve the desired result. The X-ray machine requires 100kV and 2.5 mA, which the converter achieves by operating at 100
kHz with overlap-time switching. This paper presents a methodically detailed analysis of selecting each discrete component in
this architecture [9]. In Kjaer et al. [10], a high-voltage-gain method using dc-dc power converters is proposed. The proposed
topologies can draw continuous current from two input sources and function as multiport converters. Additionally, they can
interleave a continuous current from a single source. The suggested converter can easily achieve a constant input current and a
gain of 12. An individual PV panel can be connected to a 100 Vpc bus using such a converter.

To validate the analytical results, a prototype has been created, and the desigh and component selection processes have been
detailed. In Ahmadi et al. [11], non-isolated boost interleaved converters operate in parallel to achieve a high step-up gain
without requiring high-duty-ratio operation. From the specified input sources, a continuous current can be extracted in an
interleaved fashion. This converter can reduce current stress and input current ripple, extending the lifespan of the input source
and lowering conduction losses. Because of these benefits, it is attractive for sustainable applications such as microgrids and
solar systems. In a microgrid system, they can also be used to interface the 400 Vpc bus with low-voltage sources such as
photovoltaic (PV) panels, batteries, and fuel cells. In Ahmadi et al. [12], by combining active clamping and quasi-resonant
approaches, the suggested converter can achieve ZVS operation for each switch. Compared to its competitors, the suggested
converter has fewer switches because it does not need a transformer to achieve high gain. As a result, it is more cost-effective
and more reliable. Additionally, conduction loss is significantly reduced because the proposed converter uses only four switches
per mode. It also offers superior voltage matching, unlike its isolated equivalents, which employ the phase-shift technique. As
a result, isolated converters inherently lack the circulating current, leading to current stress and loss [13]. To illustrate the
converter's performance across various modes, simulations for each mode are conducted, and the switching strategy is provided.
The impacts of the suggested converter are demonstrated by the efficiency calculations and simulation results [14].

3. Methodology

A High-Gain Dual Z-Quasi Resonant (ZQR) DC-DC Converter for Off-Board EV Charging is presented in this study. The
block diagram in Figure 1 presents a smart DC-DC battery charging system comprising a DC supply, a DC-DC converter
(ZQR), adriver circuit (IR2110), and a PIC16F84A microcontroller, interfaced with a battery as the final output. The DC supply
delivers the essential input voltage, which is structured by the DC-DC converter; this converter performs essential voltage
conversion and current management, ensuring safe and efficient battery charging while protecting against damage from variable
input conditions. Critical to the converter’s operation is the IR2110 driver circuit, which delivers precise gate-control signals
to the power switches via pulse-width modulation (PWM), enabling high-speed switching and improved system efficiency. The
driver receives control commands from a PIC16F84A microcontroller, which acts as the system’s intelligence hub. The
microcontroller is programmed to monitor charging constraints, including input and output voltages and currents, and the
battery state; it makes real-time decisions to adjust the PWM signals, dynamically optimising the charging process, prolonging
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battery life, and protecting against overcharging. The circuit shown in Figure 2 represents the proposed non-isolated high-gain
DC-DC converter incorporating a single switch, three capacitors, three diodes, and an inductor.

DC-DC

DCSUPPLY | =, CONVERTER =

(ZQR)

[ [

DRIVER CIRCUIT

:> IR 2110

[

PIC 16F84A
C> MICROCONTROLLER

BATTERY

Figure 1: Block diagram of the proposed system

The design is derived from a boost topology, enhanced with a voltage-lift technique and a diode—capacitor network to achieve
higher voltage gain.

iL ip1

Pio

Figure 2: Circuit diagram for dual Z-quasi resonant converter (ZQR)
The operation can be divided into two modes:

e Switch ON Mode (Q conducting): When the MOSFET switch Q is turned on, the input inductor L stores energy from
the source Uin. During this period, diodes D1, D2, and D3 become forward-biased, allowing capacitors C1, C2, and
C3 to charge. The input current is continuous, reducing stress on the input capacitor and improving stability.

o Switch OFF Mode (Q off): When the switch Q is turned off, the stored energy in the inductor is released through the
diode—capacitor network. The charged capacitors are stacked in series, transferring their stored energy to the load R.
This series charging—discharging action produces a boosted output voltage Uo, which is significantly higher than the
input voltage Uin.

The integration of multiple capacitors and diodes ensures ripple reduction, higher gain, and continuous input current. At 50%
duty cycle, the converter achieves nearly twice the gain of conventional quadratic boost converters while maintaining a single
active switch, thereby improving efficiency and reliability.

4. Simulation Results and Discussion

The circuit diagram for a conventional new high-gain single ZQR DC-DC converter system is displayed in Figure 3.
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Figure 3: Simulation of open-loop high-gain single ZQR DC-DC converter system

The applied required voltage of 15V is displayed in Figure 4.
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Figure 4: Input supply voltage

The switching pulse for the new high-gain single ZQR DC-DC converter and the Vds waveform, with values of 1V and 100V,
respectively, are illustrated in Figure 5.
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Figure 5: High-gain single ZQR DC-DC converter and V, and Vpg

The output voltage across the load, 86V, is displayed in Figure 6.
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Figure 6: Output voltage of the load
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The output ripple voltage across the R-load is 6 V, as seen in Figure 7.

Time in sec
Figure 7: Output ripple voltage of the load

Figure 8 shows the load current at 1.7A.
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Figure 8: Output current of the load

Figure 9 shows the output ripple current through the load, which is 0.16A.
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Figure 9: Output ripple current through the load

Figure 10 shows the 150W output power.
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Figure 10: Output power

Figure 11 shows the output ripple power, which is 25W.
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Figure 11: Output ripple power

The projected innovative high-gain single DC-DC converter ZQR system's circuit diagram is displayed in Figure 12.
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Figure 12: Proposed ZQR DC-DC converter high-gain dual system

Figure 13 displays the input voltage, which is 15V.

Figure 13: Input voltage

For the revolutionary high-gain single ZQR DC-DC converter, switching pulses of 1V and 125V are displayed in Figure 14.
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Figure 14: Switching pulse for M1 and Vps
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Figure 15 displays the output voltage across the load, which is 123V.

0 T , _l T ! 1_ I_ r 1

mg’( ................. ................. ................. R ................. ................. ................. ............... _

soffoo ................. ................. ................. ................. ................. ............... i,

Vo(V)

Time in sec
Figure 15: Output voltage across the load

As illustrated in Figure 16, the output ripple voltage over R-load is 2.5 V.
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Figure 16: Output ripple voltage across the load

In Figure 17, the output current through the load is shown as 2.5A.
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Figure 17: Output current through the load

Figure 18 shows that the output ripple current through the load is 0.05A.
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Figure 18: Output ripple current through the load

In Figure 19, the output power is 300W.
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Figure 19: Output power

15W is the output ripple power, which is illustrated in Figure 20.
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Figure 20: Output ripple power
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Table 1 shows the Comparison of output current, output power, and output voltage for the conventional and proposed Novel

high-gain ZQR system.

Table 1: Comparison of output voltage, current, and power

DC-DC Converter Vo(V) To(A) Po(W)
Novel high-gain single ZQR 86 1.7 150
Novel high-gain dual ZQR 123 2.5 300

Figure 21 shows the bar chart comparing the output current, output power, and output voltage for the conventional and proposed

novel high-gain ZQR system.
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Figure 21: Comparison of output voltage, current, and power

From the above Table results, it is clear that the output voltage is improved from 86 V to 123 V; the output current is improved
from 1.7 A to 2.5 A; the output power is improved from 150 W to 300 W. Hence, the proposed novel high-gain dual ZQR
system has better performance than the conventional high-gain single ZQR system. Table 2 compares the output ripple voltage,
output ripple current, and output ripple power of the proposed novel high-gain ZQR system with those of the conventional

system.
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Table 2: Comparison of output ripple voltage, output ripple current, and output ripple power

DC-DC Converter Vr(V) Ir(A) Pr(W)
Novel high-gain single ZQR 6 0.16 25
Novel high-gain dual ZQR 2.5 0.05 15

Figure 22 displays a bar chart comparing the output ripple voltage, output ripple current, and output ripple power of the proposed
novel high-gain ZQR system with those of the conventional system.
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Figure 22: Output comparison of ripple voltage, output ripple current, and ripple power output

The output ripple power is reduced from 25 W to 15 W, the output ripple voltage is reduced from 6 V to 2.5 V, and the current
is reduced from 0.16 A to 0.05 A. Therefore, compared to the traditional high-gain single ZQR system, the proposed high-gain
dual ZQR system performs better.

Figure 23: Simulation of closed-loop ZQR DC-DC converter high-gain dual with source disturbance

The circuit diagram of the novel high-gain dual ZQR DC-DC converter with source disturbance is shown in Figure 23. The
voltage input is shown in Figure 24 at 15V.
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Figure 24: Input voltage
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The output R-Load voltage across is given in Figure 25, and the rate is 162V.
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Figure 25: Voltage across R- load

The current through R-Load is shown in Figure 26 and is 3.2A.
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Figure 26: Current through R- load

The output power is shown in Figure 27 and is S80W.
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Figure 27: Output power

The circuit diagram of the novel ZQR DC-DC converter, a high-gain dual with a closed-loop PI controller, is shown in Figure
28.

Figure 28: Circuit diagram of ZQR DC-DC converter, novel high-gain dual with closed-loop PI controller
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The input voltage is shown in Figure 29 and is 15V.
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Figure 29: Input voltage

The R-Load output voltage across is shown in Figure 30, and the rate is 123V.
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Figure 30: Voltage across R load

The output current through R-Load is shown in Figure 31 and is 2.5A.

T
e | o -
25(- =
S
< 2 _
o
= 15 -
T1H —
05 _
o i 1

0 05 1 z
Time in sec

Figure 31: Current through R- load

The output power is exposed in Figure 32, and the value is 300W.
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Figure 32: Output power

The circuit diagram of the novel ZQR DC-DC converter, featuring a high-gain dual with a closed-loop FOPID controller, is
shown in Figure 33.
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Figure 33: Simulation diagram of ZQR DC-DC Converter high gain dual with closed loop FOPID controller

The input voltage is shown in Figure 34 and is 15V.
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Figure 34: Input voltage
The output R-Load voltage across is shown in Figure 35, and the rate is 123V.
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Figure 35: Voltage across R- load

The output current through R-Load is shown in Figure 36, and it is 2.5A.
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The output power is exposed in Figure 37, and the value is 300W.

Table 3 compares the time-domain characteristics of a unique high-gain dual ZQR DC-DC converter with closed-loop FOPID

and PI controllers.

05

Figure 37: Output power

Table 3: Comparison of time domain parameters

Time in sec

15

Types of controllers Tr Tp Ts Ess
PI 0.54 0.56 1 2.23
FOPID 0.52 0.54 0.72 1.56

The bar chart comparing the closed-loop performance of the novel high-gain dual ZQR DC-DC converter with PI and FOPID
controllers is shown in Figure 38.
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Figure 38: Comparison of time domain parameters

From Table 3, it is evident that time domain parameters of rise time, peek time, settling time and steady state error voltage with
respect to output voltage is reduced by FOPID, hence FOPID has better performance than PI controller of ZQR DC-DC
converter novel high gain dual system.

5. Hardware Implementation and Discussion

The proposed dual ZQR high-gain DC-DC converter system was developed and tested using a hardware prototype, as shown
in Figure 39. The setup consists of the following functional blocks: AC-DC rectifier, regulator circuit, PI controller, driver
circuit, dual ZQR networks, DC-DC converter stage, and R-load. Each module is interconnected to ensure smooth power flow,
closed-loop regulation, and high-gain voltage conversion. System operation begins with the AC-DC rectifier, which converts
the 230 V AC supply to a regulated DC input. The rectified voltage is then processed by the regulator circuit, which stabilises
the DC supply for the control and driver circuits. The PI controller generates appropriate control signals to regulate output
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voltage, while the driver circuit amplifies and conditions these signals for the MOSFET switch in the converter stage. The core
power conversion occurs in the dual Z-Quasi Resonant (ZQR) networks, which are cascaded with the main DC-DC converter.

Figure 39: Proposed hardware model

These networks play a crucial role in achieving higher voltage gain, reducing switching stress, and ensuring continuous input
current. The integration of dual ZQR circuits effectively doubles the gain achieved in conventional single ZQR configurations
while also minimising ripple components. The R-load, which is the load from which experimental measurements are extracted,
is fed by the DC-DC converter output. Hardware results confirm that the proposed dual ZQR system outperforms the single
ZQR system. In particular, the prototype demonstrated an output voltage of 123 V, an output current of 2.5 A, and an output
power of 300 W, with very low output voltage ripple (2.5 V), output current ripple (0.05 A), and output power ripple (15 W).
The hardware implementation was used to validate the effectiveness of the proposed topology, and it was found that the dual
ZQR DC-DC converter exhibits high voltage gain, improves conversion efficiency, and operates the second-stage rectifier with
low ripple, making it a viable candidate for renewable energy conversion systems and EV charging applications.

6. Conclusion

In this work, a new high-step-up-gain dual ZQR DC-DC converter model is simulated and analysed to evaluate its performance.
Comparison with a basic single-ZQR structure also revealed that the output voltage, current, and power were enhanced. The
output voltage magnification of the proposed dual ZQR system was improved from 86 V to 123 V. Output current was enhanced
from 1.7 A to 2.5 A and the output power was raised from 150 W to 300 W, Secondly, it could be testified that the output ripple
voltage was effectively observed from 6 V to 2.5 V, the ripple current was reduced from 0.16 A to 0.05 A and the ripple power
was improved from 25 W to 15 W, which proved the better efficiency and stability. To improve performance, closed-loop
control techniques were also applied to the dual-ZQR converter. In a comparison study of FOPID control versus PI controllers,
FOPID was reported to provide improved dynamic response. The FOPID controller, in particular, decreased the rise time (0.54
s t0 0.52 s), peak time (0.56 s to 0.54 s), settling time (1.0 s to 0.72 s), and steady-state error (2.23 V to 1.56 V). The proposed
dual ZQR DC-DC converter with FOPID control provides better gain, ripple factor, and transient response, making it a suitable
candidate for renewable energy systems and EV charging applications.
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