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Abstract

Multiple-gate transistors (MuGFETSs) are perceived as the feasible solution to extreme
downscaling of CMOS technology in comparison to planar bulk and other contemporary CMOS
technologies. Compared to a planar MOSFET, MuGFETs can achieve better electrostatic con-
trol and higher drive capability for a given layout area at a given power consumption. As we
go beyond 14nm technology node, several challenges such as lithography, variability, electro-
migration margins, parasitics, and electrostatic discharge (ESD) come in picture for ultra-large
integration of these devices. These devices also suffer from self-heating effects (SHE) due
to low thermal conductivity of materials, high conduction current densities, and the physical
confinement of device geometries.

In this thesis, a series resistance based issue for stacked-nanowire FETs has been dis-
cussed. This thesis also presents 3-D device simulations to analyze thermal effects in FinFETs
and stacked-nanowire FETs. Based on empirically extracted equations, a new model for the
thermal resistance estimation is proposed, which takes into account the aggregate impact of
various device parameters such as number of fins, number of gate fingers, number and dimen-
sions of stacked nanowires. The results show that the model may be useful for estimation of
thermal resistance in FinFETs and nanowire FETs with large layouts.

Heating effects are undesirable for CMOS integrated circuits due to change in electrical
behaviour of devices with temperature. MOSFET channel mobility degrades as local temper-
ature increases, which leads to slowing down in switching circuits. Such a rise in temperature
can be due to SHE or even from other neighbouring devices, such as resistors or other MOS-
FETs. In order for the generated heat to flow out to the contact pads, it has to pass through
length and width of various materials and interfaces. Only an accurate determination of all the
thermal resistivities can make calculation of contact thermal resistance. Thermal resistivity of a
given layer of material differs more and more from its bulk value as the layer is thinned down.

Due to continuous front and back-end technology scaling, estimation of thermal resistivities



of thin material layers and their interfaces has become even more challenging. In a switch-
ing circuit involving MOSFETsS, heat is continuously generated and dissipated, thus giving rise
to a thermal capacitance related to heat transfer inertia of the device under test (DUT). Like
the thermal resistance (Rth), thermal capacitance (Cth) is also layout and process technology
dependent. Together Rth and Cth determine a thermal time constant (7th) of the DUT. If the
switching frequency falls in the range of 7th, undesired heating effects will be present. Thus
in order to ascertain operability of a DUT in sub-14nm CMOS technology, accurate layout and
process dependent models of Rth and Cth are critically required.

Goal of this work is to enable accurate simulation of thermal effects for circuit designers
so that layouts can be optimized. This requires inclusion of thermal effects in process design
kit (PDK) through SPICE based compact models. However, electro thermal measurements re-
quired for model parameter extraction is a complex task. Lack of sufficient number of specific
test structures is a limitation for sub-14nm advanced technology nodes. This problem could be
solved by the use of TCAD, which requires limited calibration of TCAD models to measure-
ment data and then use of TCAD to simulate both SHE and heat dissipation for various layouts

and processes.
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