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Abstract

In the quest of increasing the density and the speed of integrated circuits (IC), MOSFETs have
been extensively scaled over the past decade. As the size of the MOSFETs are scaled downwards,
sub-threshold leakage current and leakage power in the ICs is increasing. With continued scaling,
we have now reached a point where further miniaturization of the MOSFET is facing major
challenges. Due to the thermal limit of 60 mV/decade on the sub-threshold slope (SS),
conventional MOSFETs at sub-20 nm channel lengths suffer from high OFF-state leakage
currents. They also suffer from numerous other short channel effects. Hence, as an alternative to
the MOSFETs, TFETs have been widely studied. TFETs, due to a built-in tunneling barrier exhibit
SS below 60 mV/decade, low off state leakage currents and diminished short channel effects.

Therefore, TFETSs are promising candidates for low power CMOS applications.

As TFETs are becoming popular, developing analytical models for predicting their current
characteristics becomes important. In addition to predicting the drain current of the device,
analytical models provide us insights into the functioning of the device. They also provide a
starting point for developing industry standard compact models. Analytical modelling of TFETs
is an emerging field, hence it is important to develop new and accurate analytical models for
TFETs, using various mathematical techniques. Also, it is required to extend the existing
modelling techniques for popular TFET architectures. Modelling the effects of non-idealities on

the drain current of a TFET is also an important aspect.

In this work, a drain current model has been developed for a dual material gate (DMG) TFET by
using a pseudo-2D solution to the Poisson’s equation and the Kane’s model for band-to-band
tunneling. A DMG TFET provides an improved ON-state current, sub-threshold slope and drain

saturation voltage over a conventional planar TFET.

Following an approach similar to the one followed for the DMG TFET, in this work, an analytical
model has been developed for gate all around nanowire (GAA) TFET. It involves solving the 2D



Poisson’s equation in the cylindrical coordinates and then using the Kane’s model for band-to-
band tunneling. A GAA structure due to an enhanced gate control provides an improved SS and
short channel effects over a conventional planar TFET. It also provides an enhanced ON current

due to the device geometry.

In this work, the effect of hot carriers has also been studied on the drain current of a TFET. Due
to the presence of a high electric field at the source-channel junction, TFETSs are more prone to hot
carrier effects than the MOSFETSs. Hence, in this work the effect of the presence of hot carrier
induced localized charges on the threshold voltage of a TFET has been modelled and studied.

The approach used to develop the drain current models for a TFET in the initial part of this work
lacks in accuracy in the sub-threshold region. Hence, in this work, for the first time an approach
has been developed to model the drain current in a TFET, which is compact and analytical, and is
accurate for the entire range of the gate voltages. Such a unified model is infinitely differentiable
at each point in the output characteristics, which makes this model more suitable for analogue

circuit simulation.

Finally, in this work, the effect of lateral doping profile variation on the drain current of a TFET
is studied and modelled. It has been shown for the first time that, how the phenomena of band gap
narrowing plays an important role in determining the drain current of a TFET when it has a non-

abrupt lateral doping profile.
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