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Abstract:

In this paper, a non-isolated boost converter with high voltage gain is introduced, which achieves significant voltage
gain at low duty cycle by utilizing only one power switch, resonant capacitor, three-winding coupled inductor, and
voltage multiplier circuits. The design of this converter is simplified due to the use of an active switch, resulting in a
reduced overall cost. Furthermore, the use of an inductor in the input path causes continuity of the input current. The
proposed structure not only increases the output voltage, but also reduces the voltage stress applied to the circuit
components. To recover the energy from the leakage inductance of the coupling inductor and further reduce the voltage
stress on the switch, a capacitor is used to limit the voltage during periods that the switch is not conducting. The use of
resonance technique in this converter has led to increased efficiency compared to other high-gain boost converters. In
this study, the principles of converter operation are also comprehensively analyzed and equations related to voltage gain
and stress of semiconductor components under steady-state and continuous conduction operating modes (CCM) are
presented. The simulation results for the converter performance with specifications of 25V/380V/200W have been
evaluated and verified.
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1. Motivation of the work

High step-up DC-DC converters are essential in many
modern applications such as renewable energy systems,
electric vehicles, fuel cells, and high-voltage DC
distribution, where low-voltage sources must be
efficiently converted to high-voltage levels. Conventional
boost converters suffer from inherent limitations in
voltage gain when operating at practical duty cycles, and
high duty-cycle operation leads to increased conduction
losses, severe voltage stress on semiconductor devices,
and reduced efficiency. Moreover, many existing high-
gain converter topologies rely on multiple active
switches, complex control schemes, or bulky
transformer-based isolation, which increase system cost,
size, and design complexity.

Therefore, there is a strong demand for converter
structures that can achieve high voltage gain at low duty
cycles while maintaining high efficiency, reduced
component stress, and simple control architecture.
Coupled inductors and voltage multiplier techniques have
been widely investigated to address these challenges;
however, leakage inductance, switching losses, and
circuit complexity still remain critical issues.

This work is motivated by the need to develop a non-
isolated high-gain boost converter with a simple
structure, continuous input current, and improved
efficiency. By integrating a three-winding coupled
inductor, resonant capacitor, and voltage multiplier
network with a single active switch, the proposed
converter simultaneously enhances voltage gain, recovers
leakage energy, and mitigates voltage stress on power
devices. Consequently, the proposed topology offers a
promising solution for high-performance high-step-up
power conversion in emerging energy systems.

2. Contributions

This paper proposes a novel non-isolated high step-up
boost converter and provides a comprehensive analysis of
its performance. The main contributions of this work can
be summarized as follows:

1. A new high-gain boost converter topology is
introduced, which achieves a large voltage
conversion ratio at low duty cycles by
combining a three-winding coupled inductor, a
resonant capacitor, and voltage multiplier
circuits with only one active power switch.

2. A simple and cost-effective structure is realized
due to the use of a single active switch and a
reduced number of power components, while
maintaining continuous input current and high
voltage gain.

3. An effective leakage energy recovery
mechanism is incorporated through the resonant
capacitor, which significantly reduces voltage

stress on the main switch and other
semiconductor devices.

4. A detailed steady-state analysis of the proposed
converter operating in continuous conduction
mode (CCM) is presented, and closed-form
expressions for voltage gain and voltage stress
of power components are derived.

5. The effectiveness and feasibility of the proposed
topology are validated through simulation
results under a 25 V/380 V/200 W operating
condition, demonstrating improved efficiency
and performance compared to conventional

high-gain boost converters.

3. Procedures

The research procedure adopted in this study is structured
to systematically design, analyze, and validate the
proposed high-gain boost converter. First, the converter
topology is developed based on the integration of a three-
winding coupled inductor, resonant capacitor, and
voltage multiplier circuits with a single active switch,
aiming to achieve high voltage gain at low duty cycles
and reduced voltage stress on power components.

Next, the operating principles of the proposed converter
are investigated in detail. The switching states and energy
transfer mechanisms are analyzed, and the equivalent
circuits corresponding to different operating intervals are
derived. Based on these analyses, the steady-state
behavior of the converter in continuous conduction mode
(CCM) is formulated, and analytical expressions for
voltage gain and semiconductor voltage stress are
obtained.

Subsequently, key design parameters, including coupled
inductor turns ratio, resonant capacitor value, and voltage
multiplier components, are selected according to the
desired voltage gain, power rating, and efficiency
requirements. The impact of leakage inductance and
parasitic elements on the converter performance is also
examined.

Finally, the proposed converter is evaluated through
simulation under specified operating conditions of 25 V
input voltage, 380 V output voltage, and 200 W output
power. The simulation results are used to verify the
theoretical analysis and demonstrate the effectiveness,
efficiency, and reliability of the proposed topology.

4. Findings

The analytical and simulation investigations confirm the
effectiveness of the proposed non-isolated high-gain
boost converter. The derived theoretical expressions
accurately predict the voltage gain and voltage stress
characteristics under continuous conduction mode
(CCM), demonstrating good agreement with simulation
results.

The proposed topology achieves a high voltage
conversion ratio at relatively low duty cycles, which
significantly mitigates the drawbacks associated with
extreme duty-cycle operation in conventional boost
converters. The integration of the three-winding coupled
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inductor and voltage multiplier circuits effectively
enhances the voltage gain while maintaining a simple
circuit structure with only one active switch.

The resonant capacitor plays a key role in recovering the
energy stored in the leakage inductance of the coupled
inductor, thereby reducing switching losses and limiting
the voltage stress on the main switch and other
semiconductor devices. As a result, the proposed
converter exhibits lower device stress compared to
conventional high-gain boost converters, enabling the use
of lower-rated and more cost-effective power
components.

Simulation results under a 25 V/380 V/200 W operating
condition demonstrate that the proposed converter
provides stable operation, continuous input current, and
improved efficiency. Overall, the findings indicate that
the proposed topology offers a promising solution for
high step-up power conversion applications requiring
high voltage gain, high efficiency, and reduced
component stress.

5. Conclusion

This paper presented a novel non-isolated high-gain
boost converter that achieves a large voltage conversion
ratio at low duty cycles by integrating a three-winding
coupled inductor, a resonant capacitor, and voltage
multiplier circuits with a single active switch. The
proposed topology provides a simple and cost-effective
structure while maintaining continuous input current and
reduced voltage stress on power components.

A comprehensive steady-state analysis in continuous
conduction mode was conducted, and closed-form
expressions for voltage gain and semiconductor voltage
stress were derived. The incorporation of the resonant
capacitor enabled effective leakage energy recovery and
mitigation of voltage stress on the main switch,
contributing to improved efficiency and reliability.
Simulation results under a 25 V/380 V/200 W operating
condition verified the theoretical analysis and
demonstrated the superior performance of the proposed
converter in terms of voltage gain, efficiency, and
component stress compared to conventional high step-up
boost converters. Therefore, the proposed converter
represents a promising candidate for high-voltage step-up
applications in renewable energy systems and other
power conversion scenarios.
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