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Abstract

Nanoelectronic devices based on nanomaterials, sschcarbon
nanotubes (CNTs) have attracted remarkable atteasoa promising
building block for future nanoelectronic circuitsued to their
exceptional electrical, mechanical and chemicalraittaristics. The
electrical characteristics of CNTs, such as highbifitg, quasi-
ballistic conductance and resistance against el@egration, allow to
surpass the properties of current Si based compiamemetal oxide
semiconductor (CMOS) devices. In particular, thigé surface area
and nanoscale structure makes SWCNTs promisingidated for
chemical and biological sensing applications ad.v@lrrent research
covers broad scientific fields, such as study ofemals properties at
nanoscale, development, fabrication and simulatdnnanoscale
structures, for electronics and biomedical applicest However, there
is ample space for advancements in both theorestadies and
practical applications for CNT-based systems.

This thesis addresses the design and manufacturéhinf film
transistor (TFT) based on randomized network aflsimvalled carbon
nanotubes (SWCNTs) that exploit the unique proeertof such
materials to create a label-free biosensor for afiete of variety
biomolecules, particularly proteins. In additiom,arder to analyze the
electric transport of SWCNTs network in the TFT el a numerical
3-dimensional (3D) model for the thin film layerdsveloped.

The SWCNTs-TFTs are fabricated by using microfaimon to
obtain a micro-interdigitated electrodeu-IDE) as drain-source
electrode. The sizes vary between 2 tous@ Thin-film transistors
(TFTs) are fabricated by using SWCNTs thin film dbke
semiconducting layer and Si@hin film as the dielectric layer. The
high purity semiconducting network of SWCNTs layerdeposited
with an effective technique that combines the slaon of the
substrate with vacuum filtration process from dispd SWCNTs in
surfactant solution. . The adopted technique plexia low-cost, fast,
simple, and versatile approach to fabricate higtiepmance
SWCNTs-TFTs at room temperature. The morphologicangement
of SWCNTs forming the active layer in the chanrfelhe transistor is
checked with scanning electron microscopic (SEMhe TTFTs



obtained exhibit p-type transistor characteristansd operate in
accumulation mode. The results are interpreted dnsidering the
percolation theory. The exponeatof the power law describing the
conductivity can be linked to the structural comgileof the SWCNT
network. In particular an exponemt= 1.7 was found experimentally,
showing that the obtained thin film is relativelyerde and near
percolation. In addition, the experimental dataen&een compared
with the results of the 3D model simulating thergeatransport in the
SWCNT structures formed in the TFT channel. Theusation results
lead to an exponent = 1.8 that is in good agreement with the
experimental data. The proposed model seems tdleeta reliably
reproduce the transport characteristics of theidated devices and
could be an effective tool to improve the SWCNTSF$Fstructure.
Moreover, the fabricated SWCNTs-TFT devices provadesuitable
platform for high-performance biosensors in lalekf protein
detection. The sensing mechanism is demonstrate@ @noof of
principle level for the interaction of biotin andreptavidin on the
SWCNTs surface. It is used as a research modelbfosensor
application. The SWCNTSs thin-film biosensor hashhsgnsitivity and
it is capable of detecting streptavidin at concaign of 100 pM.



