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Latch-up Over-current Protection Circuit with Power

Restarted Function

Student: Shih-Cheng Huang Advisor: Prof. Ming-Dou Ker

Institute of Semiconductor Innovation
National Yang Ming Chiao Tung University

Abstract

Latch-up is a common reliability issue in CMOS integrated circuits caused by the parasitic
silicon-controlled rectifier (SCR) structure within the circuit. When this structure was
accidentally triggered on, it creats a low-impedance path between the power supply (VDD) and
the ground (VSS), causing a large current flow. If not promptly deactivated, the accumulated
heat from high electrical power can irreversibly damage and burn out the silicon die, affecting

its normal operation.

In this study, an over-current protection design is proposed to mitigate latch-up events in
circuits. This design detects over-current incidents triggered by latch-up and halts the effect by
cutting off the power supply. After a programmable delay, the power is restored. If the over-
current condition persists after restart, the design repeatedly shuts down until the over-current
issue is resolved. The purpose of this design is to prevent hardware failures caused by latch-up

events and to restore normal circuit operation through timely power restarts.

The design is implemented using a 0.18-pum process, comprising both a protection circuit
and an internal circuit. The internal circuit simulates areas susceptible to latch-up within CMOS

integrated circuits, while the protection circuit safeguards the internal circuit against latch-up-
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induced damage. The total chip area is 0.349 square millimeters, with the protection circuit
occupying only 0.0135 square millimeters. This design operates independently of the power
management integrated circuits and requires minimal chip area, offering flexible control over
power turn-off time and broad application versatility. Finally, this paper validates the reliability
of the protection circuit. During operation, the protection circuit promptly shuts down the power
supply upon detecting an over-current event, effectively preventing irreversible damage to the

chip from latch-up incidents.

Keywords — Latch-up, Silicon-controlled Rectifier (SCR), Circuit Solution, Over-current

Protection (OCP), Power Restart, Hiccup Circuit
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