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Study on the Latch-up Design Rules in a 0.18um
High-Voltage CMOS Process

Student: Chih-Kang Chen Advisor: Prof. Ming-Dou Ker

Institute of Electronics

National Yang Ming Chiao Tung University

Abstract

Latch-up is a common issue in High-Voltage CMOS technology. This issue
happens when the SCR is accidentally triggered by noise. When the SCR is triggered,
the resistor of the SCR will become extremely low and result in a huge current passing
through the SCR. At the same time, this huge current will wreak havoc on the device
or even make the device burn out all of a sudden and therefore influence the normal
function of the device. As CMOS technology is being scaled down, more and more
devices whether high-voltage or low voltage have been placed on the same chip to save
area and to achieve better efficiency or function. The latch-up issue becomes more
serious as the device get closer to each other. On the other hand, some foundries have
already designed some rules for latch-up. Nonetheless, the author will discuss these
rules in detail to see if there is any room for improvement. In short, more devices can

be placed in a limited area if the rule is improved.



In this work, HVPMOSs, HVNMOSs, LVNMOSs have been used. HVNMOSs
includes non-fully-isolated HVNMOS and fully-isolated HVNMOS. And there is a
latch-up path between HVPMOS and HVNMOS. The author separates these devices
into four groups, including Type A, Type B, Type C, and Type D. The measured method
includes TLP and Tektronix 370b. And an additional resistor will be used to prevent the
huge current from wreaking havoc on the devices. Besides, TLP results and DC curve
results will show the holding voltage and trigger voltage of devices. The author will
compare the holding voltage to the voltage drop between HVPMOS and HVNMOS.

Based on the experiment results, the holding voltage will decrease as the distance
between HVPMOS and HVNMOS decreases. The author will use a method called
extrapolation to receive a formula, which is about the relationship between the holding
voltage and the distance. Based on this extrapolation method, the author can calculate
the minimum distance between HVPMOS and HVNMOS. In comparison to the
distance suggested by the foundry rule, the distance rule established by this work can

be shortened. Therefore, more devices can be placed in a limited layout area.
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