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Abstract

With the development of consumer electronics toward high-speed transmission, high-
power charging, and compact system integration, external input/output interfaces and charging
connectors are increasingly exposed to transient events, such as electrostatic discharge and
Surge stresses, during manufacturing, assembly, and field operation. These transient events may
induce degradation or permanent damage in interface circuits. For CMOS integrated circuits,
the on-chip transient protection capability is not only determined by the triggering voltage,
clamping characteristics, and turn-on resistance of front-end ESD protection devices, but is also
directly affected by the current-handling capability of back-end-of-line metal interconnections,
contacts, and vias, as well as the failure behavior of I/O protection devices under different pulse
durations. Therefore, this thesis investigates the reliability of back-end-of-line interconnections
and the design considerations of on-chip Surge protection in CMOS integrated circuits.

First, metal-line, contact, and via test structures were fabricated in a 0.18-pum CMOS
technology and characterized using transmission-line-pulse (TLP) and Surge stresses. The
results show that failure mechanisms strongly depend on pulse duration. TLP stress mainly
causes rapid local heating and melting, whereas long-pulse Surge stress is more strongly
influenced by total input energy, heat diffusion, and thermomechanical stress. Therefore, Surge
reliability of BEOL interconnections cannot be directly predicted from short-pulse ESD results

alone.
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Second, conventional and modified ESD protection devices were evaluated under Surge
stress in a 0.18-um 5-V CMOS technology. The tested structures included GGNMOS,
GDPMOS, and devices incorporating trigger assistance, current-path modulation, or series-
impedance designs. The results show that Surge immunity is affected by device dimensions and
structural design. However, structures designed to improve ESD triggering do not necessarily
provide better long-pulse Surge immunity. Among the tested devices, the NMOS device with
N-well ballast resistance exhibited a higher measured Surge level. However, its increased turn-
on resistance may raise the clamping voltage and reduce protection effectiveness for internal
circuits. Thus, Surge-protection evaluation must consider device failure current, clamping
voltage, and the voltage tolerance of protected circuits.

Furthermore, the influence of PESD implantation on Surge immunity was investigated.
Although PESD implantation can improve HBM ESD robustness for certain I/O devices, it may
degrade Surge performance, revealing a trade-off between ESD enhancement and Surge
immunity.

In summary, on-chip Surge protection cannot be ensured by ESD robustness alone. BEOL
interconnections, protection devices, process and layout options, clamping voltage, internal-
circuit tolerance, and whole-chip discharge paths must be co-optimized. These results provide

design references for Surge-tolerant I/O interfaces and power-clamp circuits.
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