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Abstract
Name: Ahmed Mohammed Ahmed El-Seddawy

Subject: Quantum Transport Characteristics of Tuned Mesoscopic Devices
Degree: M.Sc. In Engineering Physics, Faculty of Engineering, AinShams
University, Engineering Physics and Math Department, (2013).

Two models of Carbon Nanotube based Nano-electromechanical systems

are proposed in the present thesis. These models are used for (i) Mass

detection of bio-molecules, and (ii) strain sensing.

First Model —Mass detection of bio- molecules.

Nano-electromechanical system based carbon nanotube is investigated
as mass sensor of bio-molecules. The device in this case is modeled as
carbon nanotube cantilever coupled to electronic tunneling process through
such carbon nanotube. The conductance of this device is studied under the
effects of both magnetic field and ac-field of wide range of frequencies.
The resonant frequency shift and quality factor of the vibrating carbon
nanotube cantilever are expressed in terms of the conductance of the
device. Results for the conductance show periodic oscillations, which is
due to photon assisted tunneling process. The resonant frequency shift and
quality factor are solved numerically with dependence on the dimension of
the carbon nanotube cantilever for different values of the mass of the bio-
molecule. Results show that both these parameters depend strongly on the
length and the difference in radii of carbon nanotube. The high value of the
quality factor is impacted to applications of the present device to ultrafast
bio-sensors and actuators.
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Also, the variation of both the resonant frequency shift and the quality

factor with the position of the attached mass are investigated.

Results show that both the resonant frequency shift and the quality factor
are very sensitive to the attached mass of bio-molecule and its position. Also,
the photon energy of the induced ac-field enhances the sensitivity of these
parameters. The present research shows that SWCNT based resonator can be
used for sensing the trace acetone concentration in human breath, which leads

to convenient, accurate and painless breath diagnosis of diabetics.

Second Model-Strain Sensor.

Strain sensing via quantum nanodevice is investigated under the effect of
an ac-field. This nanodevice is modeled as semiconducting carbon nanotube
(CNT) quantum dot. This CNT quantum dot is connected to two metallic
leads. A metallic gate is used to govern the electrostatics and the switching of
the CNT channel. A back gate is used to control the contact of the interface of
CNT quantum dot/metal. A formula for the current is derived using Landauer-
Buttiker equation and also a gauge factor is derived. Results show that due to
the effect of tensile strain, the quantum transport characteristics are changed.
Also, our calculation of strain induced band gap energy variations in CNT can
be technological relevance. The present research is very important for sensing

strain in nanostructured materials.

Keywords; Carbon nanotube (CNT); Nanoelectromechanical (NEMS)
resonator; ac-field; Biosensor, Mass sensor, Biomolecule ,Strain sensor.
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