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Abstract

Junctionless nanowire (JL-NW) gate-all-around (GAA) field-effect transistors (FETS) are
widely investigated as reliable switching solutions for computing technologies (both
memory and logic) and as highly sensitive piezoresistive sensing elements in the
subthreshold regime. They offer high ON/OFF switching ratios, very low OFF-state leakage
currents, and relatively better performance under harsh environmental conditions. Despite
the advantages, electro-thermal and electro-mechanical reliability are significant concerns in
computing electronics applications, particularly regarding thermal and mechanical stress
(MS) reliability and performance. The self-heating effect necessitates optimization for better
thermal management in ON-state transistors, requiring control over process variation effects
on device thermal conductivity through careful optimization of fabrication processes and
device characteristics. Moreover, the 3D integration and packaging of chips introduce tensile
and compressive MS that can impact device performance and leakage reliability. This MS
ultimately influences the switching threshold and is closely related to the device's
characteristics. The induced MS also contributes to piezoresistive behavior. Therefore, the
proposed devices are investigated not only as piezoresistive sensing elements but also for
their reliability in terms of sensing resolution. This thesis aims to address critical issues
related to thermal management, MS effects, and piezoresistive sensing applications,

particularly in light of scaling limitations.

This thesis is organized into three major themes, outlined as follows. The first half
discusses the development of a compact thermal conductivity model to capture the effects
of process variation in analyzing the thermal implications and reliability of long-channel
devices and advanced-node junctionless devices. The proposed model is easy to implement
in any finite element method (FEM) simulator and calculates the thermal conductivity of
each region or layer, considering the effects of temperature, thickness, doping concentration,
and type of doping. Using this model, the electro-thermal behavior is mapped onto a long-
channel experimental device with the Sentaurus TCAD simulator. Furthermore, the electro-
thermal behavior is analyzed in advanced nodes and co-optimized for improved thermal
reliability. Additionally, the thermal reliability of junctionless devices is examined in terms
of hot carrier injection (HCI) lifetime and bias temperature instability (BTI) lifetime

degradation, specifically in relation to the maximum lattice temperature (T max) and the gap

\Y



variation between two nanowires. The comparative study for electro-thermal performance
analysis of junctionless and inversion mode nanowire GAA FETs is also presented in

advanced technology nodes by considering nonlocal effects.

Next, as one-fourth of the thesis, the gate-induced drain leakage (GIDL) current,
HCI, and variation of the electrical parameters to analyze the performance are investigated
with the uniaxial tensile MS from a few MPa to GPa levels. GIDL is observed to increase
exponentially, while some hot electrons are trapped in the gate oxide, leading to a nearly
linear increase in HCI and gate leakage current with the induced MS. The ON-state current,
carrier mobility, threshold voltage, and subthreshold swing are directly proportional to the
induced MS due to the reduced energy band gap and intervalley scattering effect. The
reduced subthreshold swing shows low power consumption and better switching ability in
advanced CMOS technologies. Thus, this study demonstrates the importance of MS
engineering for performance improvement in CMOS technology and highlights the
importance of MS in device reliability. In addition, the change of drain current shows highly

piezoresistive sensing ability in nanoelectromechanical sensor applications.

Thus, last as one-fourth of the thesis, a tunable piezoresistive pressure sensor is
designed and developed using JL-NW FETSs integrated into a circular diaphragm. The
measured results show that the piezoresistive sensitivity is improved in the subthreshold
regime (depletion regime) compared to the ON-state condition (partial depletion regime).
This improvement is achieved by reducing the channel conductivity with a low gate bias
below the threshold voltage. Additionally, LFN is measured to estimate the MDS and SNR.
These measurements indicate that the JL-NW GAA FET offers higher resolution and better
performance as a sensing element compared to the inversion mode NW GAA FET in
advanced technology nodes. Furthermore, the limitations of the scaling factor on
piezoresistive sensitivity are analyzed and co-optimized by considering the design of
uniform MS on the multi-nanosheet channels in advanced nodes. These results show better

sensing resolution, it is also much easier to integrate with advanced CMOS technologies.

In the three parts of this thesis, the co-optimization solutions for thermal and
mechanical reliability, along with piezoresistive sensitivity derived from the research
presented, could lead to enhanced electro-thermal and electro-mechanical reliability of
junctionless devices. This improvement impacts their performance as piezoresistive sensing

elements in advanced electronics applications.
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