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ABSTRACT

Electrostatic discharge (ESD) is a physical phenomenon wherein there is a rapid transfer of
charge between two bodies with different electrostatic potential, when they come in contact with
one another. Similar events can also happen in semiconductor industry. An independent research
suggests more than 50% of the failures in the semiconductor industry are due to electrical
overstress and ESD phenomenon. Especially with technology scaling, the ESD design window
also shrinks, traditional ways of ESD protection strategy needs to be reviewed. In this work, we
have explored innovative ways of using parasitic current paths to reduce the impact of the ESD
stress. The organization of this work is as follows,

IMOS based ESD Clamp: In this work, we have investigated the use of controlled impact
ionization mechanism in mitigating the ESD stress. The ESD behavior of the partially gated
diode often called as impact ionization MOSFET is explained. We have explored its applicability

for 5 V ESD protection using thin gate oxide devices (designed to handle 1.8 V — 2.5 V).

TFET based ESD Clamp: In this work, we have investigated the application of band to band
tunneling current in discharging the ESD current. The architecture of the tunnel field effect
transistor is similar to the gated diode structure but optimized for tunneling. Extensive TCAD
simulations using 28 nm FDSOI technologies were performed to understand nature of the ESD
behavior of these tunnel field effect transistors. We have performed TLP measurements of the
TFET using different configurations on the TFETSs fabricated in the FDSOI technology. Impact
of tunnel boosters like silicon germanium and structural optimizations like nanowire technology
were also studied. A new on-chip ESD protection network is also proposed. We have also
explored the applicability of the TFET in the static ESD protection aimed for failsafe and fault
tolerant I/O’s.

Low Leakage Power Clamp: In this work, we explore the usage of the parasitic BJT in the RC
based power clamp. In the proposed architecture, the gate and substrate are tied together to
enhance the current path from MOSFET and BJT action. The proposed architecture reduces the
net width of the bigFET thereby reducing the static leakage current and exhibits faster turn-on

capability.
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