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Student: Xsuan-Ho Wang Advisor: Chun-Yu Lin, Ph.D.

Department of Electrical Engineering

National Taiwan Normal University
ABSTRACT

This paper primarily investigates the electrostatic discharge (ESD) protection
design applied to the dual-power-domains power rail and implements the proposed
protection device in a CMOS process. In the past, integrated circuits typically required
only a single power source. However, contemporary integrated circuits integrate more
circuits and functionalities, and some applications necessitate the isolation of mixed-
signal power sources to mitigate noise. Therefore, nowadays integrated circuits
generally incorporate at least two power sources. Due to the stochastic nature of ESD,
ESD events can occur between any two power sources. Consequently, it is necessary to
design ESD discharge paths for each power source. This significantly increases the
difficulty of designing ESD protection circuits and also significantly increases the
required layout area. Silicon-controlled rectifier (SCR) is commonly used as an ESD
protection device due to its high ESD capability per unit area. However, the low holding
voltage and high trigger voltage characteristics of SCR may be problems when applied
to ESD protection design. In the past, many designs to reduce trigger voltage have been
proposed, but most of them violate foundries’ design rules and are not conducive to

integrated circuit production.
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This paper proposes a novel MOS-triggered SCR (MT_SCR) that effectively
reduces the trigger voltage by embedding MOS within the SCR and using a metal
connection between the N-Well and P-Well, without violating the foundries’ design rules.
The proposed high holding voltage poly MOS triggered SCR (HHVPO _MT SCR)
effectively increases the holding voltage of MT SCR and prevents the protection device
from latch up, which affects the normal operation of the internal circuit. The proposed
MOS triggered dual-power SCR (MT _DP_SCR) enables a single protection device to
provide the twelve ESD discharge paths required between the dual-power sources by
sharing part of the discharge path of MT SCR. By differentiating the internal trigger
device of MT_SCR as NMOS or PMOS, MT _DP_SCR can be divided into two types
of protection devices: NMT DP SCR and PMT DP SCR. Measurement results
demonstrate that the proposed NMT DP SCR design provides at least a 48%
improvement in ESD protection capability per unit area compared to traditional designs.
Proving that the proposed protection device has a better electrostatic discharge
protection capability per unit area when applied to dual-power-domains power-rail ESD
protection compared to traditional designs. Finally, to verify whether the proposed
design can protect the internal circuit from ESD damage, a level shifter is used as the
protected internal circuit to confirm whether the MT DP_SCR indeed possesses ESD
protection capability. Based on the measurement results, the proposed NMT_DP_SCR,
with a width of 50um, when used to protect the level shifter, enables the integrated
circuit to withstand 4750V human body model ESD event. This proves that the proposed

design can protect the dual-power-domains power rail from ESD damage.
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