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Abstract
Multiple-gate FETs are the device architecture of choice beyond 22 nm

node CMOS devices. To suppress the short channel effects below 10nm node,
gate-all-around NWFETs, along with some novel structure like inserted-oxide
FinFET and negative capacitance based CMOS devices are the promising
candidates. This thesis presents DC/RF characterization, simulation, and
modeling of these structures. As feature size approaches sub-10nm regime,
process variation which is a naturally occurring phenomenon becomes promi-
nent. This causes measurable variance in output characteristics of all circuits
and it also degrades the manufacturing yield. In this thesis, DC model pa-
rameters of NWFETs are extracted and process variations have been mod-
eled, using the BSIM-CMG model card by performing Monte Carlo simula-
tions. The NWFETs used in this work are designed with vertically stacked
nanowires in order to attain the same current density and equivalent layout
area efficiency as FinFETs. This significantly surge the process complexity in
NWFETs as compared to FinFETs. Inserted-oxide FinFET (iFinFET), which
is recently proposed as another multigate transistor, has similar fabrication
process flow as FinFETs, yet it achieves better device performance. In this
thesis, parasitic capacitance in Inserted-Oxide FinFETs is modeled analyti-
cally using conformal mapping techniques.

With continued device scaling, NWFETs may be considered by industry,
since it provides the best electrostatic control of the channel due to gate all
around geometry. However, self-heating effect in NWFETs is a major concern
due to their strong confined geometry. In this thesis, self-heating effect is
characterized in NWFETs using small-signal output conductance technique
and analog/RF figures of merit of these NWFETs have been investigated.
To reduce the power density in the modern processors, the transistors with
steeper slope or lower subthreshold swing (SS) are preferred. Ferroelectric
based negative capacitance FETs (NC-FETs) are the emerging devices with
lower SS (< 60mV/decade). In this thesis, RF performance of NC-FinFET
is investigated using BSIM-CMG compact model extracted from DC and RF
measured data of 10nm technology node bulk FinFET devices. A globally
scalable RF model usable for the low power and high-frequency applications
has been reported with detailed model description of NC-FinFET.
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