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Abstract

This paper presents the design, operation, and practical applications of a P-MOSFET ideal-diode / reverse-polarity protector circuit, a
vital solution for preventing damage to electronic systems caused by incorrect power supply connections. By utilizing the intrinsic body
diode and gate control of a P-channel MOSFET, the circuit achieves low forward voltage drop during normal operation while effectively
blocking reverse current when the supply polarity is reversed. This ensures minimal power loss and improved efficiency compared to
traditional diode-based protection methods. The study examines the working principle of the circuit, highlights its advantages over
conventional approaches, and analyzes its performance under various input voltage profiles. Simulations conducted in eSim demonstrate
the circuit’s fast response, low conduction loss, and reliable isolation under reverse-bias conditions, making it highly suitable for power-
sensitive applications such as battery-powered devices, embedded systems, and automotive electronics. This work underscores the role
of MOSFET-based ideal-diode designs in enhancing system safety, efficiency, and durability.
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INTRODUCTION

A P-MOSFET ideal-diode / reverse-polarity protector circuit is designed to safeguard electronic systems from damage caused by incorrect
power supply connections or reverse voltage conditions. By utilizing the intrinsic body diode and controlled gate operation of a P-channel
MOSFET, this circuit allows current to flow efficiently in the correct direction while blocking reverse current flow with minimal power
loss. Compared to traditional diodes, the MOSFET’s low on-resistance significantly reduces forward voltage drop, improving efficiency
and minimizing heat generation. This makes it especially valuable in battery-powered devices, automotive systems, and sensitive
electronics where both power efficiency and protection are critical. By automatically switching to a conductive state under correct polarity
and isolating the load during reverse polarity, the P-MOSFET ideal-diode protector ensures reliable operation, extended component
lifespan, and robust defense against accidental wiring mistakes.

. PURPOSE OF P-MOSFET IDEAL-DIODE / REVERSE-POLARITY PROTECTOR

The P-MOSFET ideal-diode / reverse-polarity protector circuit serves several critical purposes in power supply and electronic systems:

o Reverse-Polarity Protection: It prevents damage to electronic components when the power supply is accidentally connected in reverse,
a common cause of failure in battery-powered and automotive systems.

e Low Power Loss: Unlike traditional diodes, the P-MOSFET has an extremely low on-resistance, resulting in minimal voltage drop and
improved efficiency, which is especially beneficial for low-voltage or high-current applications.

e Enhanced Reliability: By blocking reverse current and allowing only correct-direction flow, it safeguards sensitive circuits from
unintended current paths, reducing the risk of malfunction or permanent damage.

o Improved Efficiency in Power Systems: Its ability to provide protection without significant heat generation makes it ideal for portable
electronics, renewable energy setups, and precision equipment where power efficiency and safety are equally important.

I1l. WORKING PRINCIPLE

The working principle of a P-MOSFET ideal-diode / reverse-polarity protector circuit is based on the MOSFET’s ability to control current flow
direction with minimal voltage drop, thereby protecting against reverse polarity while maintaining high efficiency. Here are the key steps in its
operation:

1. Correct Polarity Condition: When the input voltage is connected with the correct polarity, the P-MOSFET’s body diode initially conducts a
small amount of current. This causes a voltage drop across the gate-source terminals, turning the MOSFET fully on. Once on, the MOSFET’s
very low on-resistance allows current to flow to the load with minimal power loss compared to a standard diode.

2. Reverse Polarity Condition: If the input voltage is connected in reverse, the MOSFET’s body diode becomes reverse-biased, blocking current
flow. At the same time, the gate-source voltage is such that the MOSFET remains off, providing effective isolation and preventing damage to
the load.

3. Automatic Switching: The circuit automatically transitions between conducting and blocking states depending on the polarity of the applied
voltage, without requiring any manual control.

4. Low Power Dissipation: Since the MOSFET has a much lower voltage drop than a traditional diode, heat generation is significantly reduced,
which improves energy efficiency and allows the use of smaller heatsinks or no heatsink at all.

5. Enhanced Reliability: The automatic operation and low-loss characteristics make this circuit ideal for battery-powered devices, automotive
electronics, solar power systems, and sensitive instrumentation, ensuring both protection and optimal performance.
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Fig. 1: P-MOSFET ideal-diode / reverse-polarity protector

The P-MOSFET ideal-diode / reverse-polarity protector circuit uses a P-channel MOSFET in combination with passive components to ensure
current flows only in the correct direction while minimizing voltage drop. In this design, the MOSFET’s body diode initially allows a small forward
current when the input polarity is correct, creating a gate-source voltage that fully turns the MOSFET on. This provides a low-resistance path to the
load, greatly reducing conduction losses compared to a standard diode. If the input polarity is reversed, the body diode becomes reverse-biased, and
the MOSFET remains off, blocking current flow to protect the load. This arrangement eliminates the need for bulky mechanical relays or high-loss
rectifier diodes, offering an efficient and automatic protection method. By combining fast switching with low power dissipation, the circuit ensures
reliable operation in battery-powered devices, automotive electronics, and other sensitive systems that require robust reverse-polarity protection.

1VV.PROPOSED SYSTEM

The proposed system presents a P-MOSFET Ideal-Diode / Reverse-Polarity Protector circuit implemented using eSim software. This circuit
is designed to demonstrate efficient reverse-polarity protection while minimizing voltage drop, making it highly suitable for sensitive electronic
applications. By utilizing the intrinsic properties of a P-channel MOSFET, the circuit automatically allows current to flow in the correct direction and
blocks it when the supply is connected in reverse, thereby preventing potential damage to the load. Its low on-resistance ensures minimal power loss,

improving overall efficiency compared to conventional diode-based protection. This makes the system ideal for battery-powered devices, automotive
electronics, and other applications where safety, efficiency, and reliability are critical.
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Fig. 3: P-MOSFET Ideal-Diode / Reverse-Polarity Protector circuit in eSIM

Figure 3 presents the circuit diagram of a P-MOSFET Ideal-Diode / Reverse-Polarity Protector designed within the eSim software environment.
The key component is a P-channel MOSFET, which serves as the main protection element, supported by a zener diode, resistors, and an NPN transistor
for gate control. Under correct polarity, the MOSFET’s body diode initially conducts, creating a gate-source voltage that fully turns on the MOSFET,
allowing current to pass to the load with minimal voltage drop. In the event of reverse polarity, the body diode becomes reverse-biased, and the
MOSFET remains off, effectively blocking current flow to prevent damage to the connected load. This arrangement provides fast, automatic, and
efficient protection without the power losses associated with conventional diodes, making it highly suitable for sensitive and efficiency-critical

applications such as battery-powered devices and automotive electronics.
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Fig.4: Output Waveform P-MOSFET Ideal-Diode / Reverse-Polarity Protector circuit in eSIM

Figure 4 showcases the output waveform of the P-MOSFET Ideal-Diode / Reverse-Polarity Protector circuit simulated using eSim software. The
graph illustrates the voltage behavior of the circuit during polarity changes. The yellow trace represents the voltage at the load, while the red trace
represents the input voltage. When the correct polarity is applied, the yellow trace rises sharply to match the input voltage with minimal drop,
indicating that the MOSFET has turned on and is allowing efficient current flow. Upon the application of reverse polarity, the red trace drops sharply
into the negative region, while the yellow trace remains positive and stable, confirming that the MOSFET is effectively blocking reverse current.

Key observations from the graph:

=

Forward Conduction: A sharp rise in the yellow trace at startup indicates fast MOSFET turn-on and minimal voltage loss.
Reverse Blocking: When polarity is reversed, the load voltage remains unaffected, showing successful isolation of the load from reverse

current.
Stable Output: The load voltage remains steady under correct polarity, ensuring uninterrupted and safe operation.

In summary, this waveform demonstrates that the P-MOSFET Ideal-Diode / Reverse-Polarity Protector responds instantly to polarity changes,
ensures efficient forward conduction, and provides robust reverse-polarity protection, making it ideal for applications where safety and efficiency are

critical.

Applications of P-MOSFET Ideal-Diode / Reverse-Polarity Protector

arwn

Battery-Powered Devices: Protects electronics from accidental reverse battery connections, ensuring safe operation without energy loss
from traditional diodes.

Automotive Electronics: Prevents damage to sensitive vehicle circuits caused by reverse battery installation or wiring mistakes.

Solar Power Systems: Ensures correct current flow from solar panels to batteries, blocking reverse discharge during low-light conditions.
Portable Power Banks: Maintains safe charging and discharging by preventing reverse current flow into sensitive circuitry.

Embedded Systems and 10T Devices: Provides efficient reverse-polarity protection in low-voltage, power-sensitive applications without

reducing battery life.

VI . CONCLUSION

In conclusion, the design and simulation of a P-MOSFET Ideal-Diode / Reverse-Polarity Protector circuit using eSim demonstrated its
effectiveness in providing efficient and reliable protection against reverse-polarity connections. By utilizing the low on-resistance and fast
switching capabilities of a P-channel MOSFET, the circuit ensures minimal voltage drop during correct polarity operation while completely
blocking current flow under reverse polarity conditions. The simulation results confirmed the circuit’s ability to safeguard sensitive loads
without the power losses typically associated with conventional diode-based protection methods. This study highlights the importance of such
protection circuits in applications where safety, efficiency, and longevity of electronic systems are critical.
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