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Abstract

The outstanding electrical and mechanical properties of single-walled carbon
nanotubes (SWCNTs) may offer solutions to realizing high-mobility and high-
bendability thin-film transistors (TFTs) for the emerging flexible electronics.
This thesis aims to develop low-cost ink-jet printing techniques for high-
performance TFTs based on pristine SWCNTs. The main challenge of this work
is to suppress the effects of “metallic SWCNT contamination” and improve the
device electrical performance. To this end, this thesis entails a balance between
experiments and simulations.

 
First, TFTs with low-density SWCNTs in the channel region are fabricated

by utilizing standard silicon technology. Their electrical performance is
investigated in terms of throughput, transfer characteristics, dimensional
scaling and dependence on electrode metals. The demonstrated insensitivity
of electrical performance to the electrode metals lifts constrains on choosing
metal inks for ink-jet printing.

 
Second, Monte Carlo models on the basis of percolation theory have

been established, and high-efficiency algorithms have been proposed for
investigations of large-size stick systems in order to facilitate studies of TFTs
with channel length up to 1000 times that of the SWCNTs. The Monte Carlo
simulations have led to fundamental understanding on stick percolation,
including high-precision percolation threshold, universal finite-size scaling
function, and dependence of critical conductivity exponents on assignment of
component resistance. They have further generated understanding of practical
issues regarding heterogeneous percolation systems and the doping effects in
SWCNT TFTs.

 
Third, Monte Carlo simulations are conducted to explore new device

structures for performance improvement of SWCNT TFTs. In particular, a
novel device structure featuring composite SWCNT networks in the channel
is predicted by the simulation and subsequently confirmed experimentally by
another research group. Through Monte Carlo simulations, the compatibility of
previously-proposed long-strip-channel SWCNT TFTs with ink-jet printing has
also been demonstrated.

 
Finally, relatively sophisticated ink-jet printing techniques have been

developed for SWCNT TFTs with long-strip channels. This research spans from
SWCNT ink formulation to device design and fabrication. SWCNT TFTs are
finally ink-jet printed on both silicon wafers and flexible Kapton substrates
with fairly high electrical performance.

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-24427


ISBN: 978-91-7415-717-8 | Trita-ICT/MAP AVH 2010:08 | ISSN 1653-7610
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-24427

Keywords
Single-walled carbon nanotube, thin film transistor, ink-jet printing, Monte
Carlo simulation, stick percolation, composite network, flexible electronics

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-24427

