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Abstract

As CMOS technology is continuously scaled down to nanoscale, the gate oxide of
core devices becomes thinner with a lower operating voltage level (1xVDD) to gain a
lower power consumption at higher operating speed. However, for compatible to some
earlier circuit specifications with higher operating voltage levels (2xVDD, or even
more), some 2x VDD-tolerant output buffers and 2xVDD-tolerant logic gates with only
1xVDD devices had been developed to support mixed-voltage I/O interfaces.

For ESD protection of 2xVDD-tolerant circuits aforementioned, under fast power-
on condition, 2xVDD rises too fast for traditional RC-based 2xVDD-tolerant power-

rail ESD clamp circuit to keep in off-state results in false-trigger issue. Therefore, a



new 2xVDD-tolerant power-rail ESD clamp circuit adopting voltage detection
mechanism is proposed and stacked-NMOS (STNMOS) using substrate-trigger
technique is combined as main ESD-clamping device. The voltage detection
mechanism with diode string composed of diode-connected PMOS is used to set an
adjustable minimum starting voltage (VsTarTING) to distinguish fast power-on
condition and ESD pulse condition. The traditional and proposed design with only
I1xVDD devices have been successfully verified in a 0.18-um 1.8/3.3-V CMOS process.
The experimental results have confirmed that the proposed ESD clamp circuit can
sustain a good HBM ESD level of 5.25kV and high immunity against false-trigger issue
under fast power-on condition.

However, in consideration of power-on sequence, that 2xVDD rises before 1xVDD
rises makes the proposed 2x VDD-tolerant power-rail ESD clamp circuit suffer transient
over-voltage issue. Therefore, in this thesis, without using 1xVDD power line, the
proposed design is modified by adding a diode string as a voltage divider. 2xVDD is
divided in half by the extra diode string, and all the 1xVDD devices used can be biased
safely without over-voltage issue under circuit operating and power-on condition. The
voltage divider is composed of polysilicon diodes fabricated and verified in the same
0.18-um 1.8/3.3-V CMOS process for lower standby leakage current, less fabrication
cost and higher layout compatibility. The experimental results have confirmed that the
modified design can effectively relieve the transient over-voltage issue while high
secondary breakdown current (It2) of ~4A and high immunity to false-trigger issue

are still achieved.



