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ABSTRACT

Mostafa Hassan Abbass Fedawy, “Modeling and Simulation of Carbon
Nanotube Field Effect Transistors,” Doctor of Philosophy Dissertation,
Ain Shams University, 2013.

Aggressive scaling of silicon based transistors has led to higher
integration density, higher circuits performance, and low power consumption.
However, it is expected to reach to its limit by 2020. Carbon Nanotube Field
Effect Transistor (CNTFET) is currently considered as a promising
nanoelectronic devices because of their small nanometric size and their ability
to carry high current. Moreover, it can avoid most of traditional Metal Oxide
Semiconductor Field Effect Transistor (MOSFET) limitations.

The present work proposed a simple and accurate numerical model for
MOSFET-Like Single-Wall Carbon Nanotube Field Effect Transistors (SW-
CNTFET). The tight bending and zone folding methods are used to calculate
the subband minima accurately. Unlike the previous numerical models, our
proposed model can be used for any Carbon Nanotube (CNT) chirality as long
as the CNT is semiconductor. Moreover, it is applicable for both low and high
gate voltage application; up to 3 V. In addition, we investigate the influence of
temperature on the transfer and output characteristics of the MOSFET-Like
SW-CNTFET.

The effect of the number of subbands in the drain current calculation is
studied. Our results prove that the higher subbands have a drastically effect on
the saturation drain current especially for high gate voltage. However, the sub-
threshold region characteristics are depended only on the first subband.
Furthermore, we study the onset-voltage, the On-/Off-current ratio, and the
sub-threshold swing of the SW-CNTFETSs. Results show that, the onset-voltage
is decreased linearly with increasing the temperature. Moreover, the rate of
change in the onset-voltage with temperature is almost independent on the
drain voltage. After that, the dielectric material and the dielectric thickness
effects on CNTFET performance are studded.

Any numerical model cannot couple with the circuit simulations. For
this reason, we propose a fast and accurate empirical model to calculate the
subband minima of the CNTFET’s channel. Moreover, we proposed an
analytical model for the capacitance of CNTFET. Our proposed model shows a
good agreement with the numerical model; where it presents a root mean
square error within 3.4 %.

Key Words: CNT transistor model, CNTFET varactors, Subband empirical
model, MOSFET-Like CNTFET.
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