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Abstract

Since the CMOS devices have-been scaled down and integrated into ICs for
high-speed and low-power applications, the reliability issues due to system-level ESD
and surge, such as electromagnetic interference (EMI) and electrical overstress (EOS)
of the CMOS ICs have become more and more important. To component-level, the
devices are more vulnerable to overstress voltage or current; to system-level, the
reduced voltage levels of logic gates, such as 3.3 V become 1.8 V or even lower, the
noise margin (defined as Vpp/2) of logic gate against the EMI is also degraded.
Therefore, the protection of system-level ESD events and surge events become
significant.

There are two corresponding international standards for identifying these
reliability issues in end user environment which are IEC 61000-4-2 of system-level

ESD immunity test and IEC 61000-4-5 of surge immunity test. The fast transient
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disturbances induced by system-level ESD and the overstressed voltage and current
caused by surge events can be randomly coupled into power lines and 1/O pins and
malfunction the microelectronic products or even damage the devices in CMOS ICs.
In order to improve the system stability, this thesis has proposed an on-chip transient
detection circuit for system-level ESD protection and an on-chip surge-to-digital
converter for surge protection.

It has been proven that the on-chip transient detection circuit co-design with
firmware can effectively improve the immunity of CMOS ICs against the
system-level ESD events. In this thesis, an on-chip transient detection circuit without
using any resistor and capacitor is proposed and fabricated in a 0.18-um CMOS
process. The proposed transient detection .circuit has been verified by HSPICE
simulations and measurements«that can-successfully detect the system-level ESD
disturbances. Through the cooperation with firmware programming, the system
processor can judge if the system is risked by system-level ESD by the result of the
transient detection circuit and -perform the -recovery procedure. Therefore, the
microelectronic product can achieve the specification of “Class B.” when the
system-level ESD events occur.

In addition to the transient detection circuit for system-level ESD, an on-chip
surge-to-digital converter has been proposed in this thesis. The surge-to-digital
converter has been fabricated in a 0.18-um CMOS process. Through the HSPICE
simulations and laboratory measurements, the proposed converter can successfully
detect the occurrences of the surge events. It can also be applied in an on-chip surge
protection against the surge-induced overstressed pulses. Besides, the converter with
the configuration of output digital code dependent on surge levels can prevent the
microelectronic system from unwanted power-on reset process or system dysfunction

caused by excessive dissipating capability.
\Y;



