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In this project, we propose to study both the
fundamental science and industrial applications of
nanoelectronic and spintronic devices. We will
concentrate on one-dimensional nanodevices built from
metal oxide nanowires, and study molecular junctions
and devices. We propose to investigate conducting
metal oxide nanowires (e.g., Ru02 and In2-xSnx03 or
ITO nanowires) which are potentially useful as
interconnects in nanoelectronic circuitries. In
addition, we will study ZnO semiconductor nanowires.
The ion-implantation technique will be applied to
make diluted magnetic semiconductor (DMS) Co-doped
Zn0 (Znl-xCox0) nanowires. Focused electron beam will
be applied to modulate the magnetization of single
Zn1-xCox0 nanowires. The modulation can induce
ferromagnetic (FM) to paramagnetic transition in
selected sections in a given individual Znl-xCox0O
nanowire, making alternative FM and paramagnetic
sections. The FM and paramagnetic sections would be
of several submicrons to several microns long.
Therefore, highly-integrated series-connected
nanowire field-effect transistors (FETs) may be
constructed in a single DMS nanowire. Such functional



nanodevices could trigger an industrial revolution in
nanoscience and nanotechnology.

In order to realize applications in
nanoelectronics and spintronics, we propose to
investigate the electrical and magnetic properties of
certain metal and semiconductor nanowires. Electron-
beam lithographic technique will be employed to
facilitate electrical-transport measurements on
individual nanowires. Quantum electron and phonon
transport phenomena in individual nanowires and
nanodevices will be investigated. In particular, we
will elaborate the electron spin-dependent transport
as a sensitive probe for studying the physical
properties of DMS nanowires. SQUID magnetometry and
magnetic force microscopy (MFM) will be employed to
investigate the magnetic properties of DMS Znl-xCox0O
nanowires. While the SQUID magnetometry method probes
the average magnetizations of an ensemble of a huge
amount of nanowires, the MFM method probes the
magnetic dynamics (e.g., the domain wall motion and
switching) in individual DMS nanowires. In addition
to research on the fundamental science in
nanostructures, this project will be devoted to the
development of practicable nanoelectronic and
spintronic devices. We aim not only to make
significant impacts on the nanoelectronics industries
but also to discover new science in the nanoscale
systems.

nanowires, nanoelectronics, spintronics, quantum
transport, spin-dependent transport
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(2) (a) Electron dephasing times in mesoscopic and nanoscale systems at very
low temperatures. In particular, the electron dephasing mechanisms at very
low (sub-Kelvin) temperatures. (b) Electron dynamics on helium films.
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Time-dependent universal conductance fluctuations in metal oxide nanowires
due to mobile defects

Juhn-Jong Lin®, A. S. Lien®, P. Y. Yang®, L. Y. Wang®, and C. S. Chu®

“Institute of Physics, National Chiao Tung University, Hsinchu 30010, Taiwan
®Department of Electrophysics, National Chiao Tung University, Hsinchu 30010, Taiwan

Time-dependent universal conductance fluctuations (UCF) are observed in single RuOg nanowires (~50—
100 nm in diameter and a few micrometers long) at cryogenic temperatures.® The fluctuations persist up
to unprecedentedly high temperatures of ~10 K. Their root-mean-square fluctuation amplitudes increase
with decreasing temperature, reaching a fraction of e2/h at temperatures below ~2 K. These fluctua-
tions are shown to originate from scattering of conduction electrons with rich amounts of mobile defects
in artificially synthesized metal oxide nanowires. Furthermore, time-dependent UCF characteristics in
both one-dimensional saturated and unsaturated regimes are identified, in quantitative consistency with
existing theoretical predictions.? In another case of single IrO, nanowires where the mobile defects are
less vigorous, time-independent UCF as a function of varying magnetic fields are clearly observed. The
variation in the fluctuation amplitude with temperature can be understood in terms of current theoretical
concepts, but a quantitative explanation is still lacking.

'A.S. Lien, L. Y. Wang, C. S. Chu, and J. J. Lin, to be published.
2S. Feng, in Mesoscopic Phenomena in Solids, edited by B. L. Altshuler, P. A. Lee, and R. A. Webb
(North-Holland, Amsterdam, 1991).
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Time-dependent universal conductance fluctuations in metal oxide nanowires due to
mobile defects

Juhn-Jong LIN
Institute of Physics, National Chiao Tung University, Hsinchu 30010, Taiwan
E-mail: jjlin@mail.nctu.edu.tw

Time-dependent universal conductance fluctuations (UCF) are observed in single RuO_2
nanowires (~50-100 nm in diameter and a few micrometers long) at cryogenic
temperatures. The fluctuations persist up to unprecedentedly high temperatures of ~10 K.
Their root-mean-square fluctuation amplitudes increase with decreasing temperature,
reaching a fraction of e"2/h at temperatures below ~2 K. These fluctuations are shown to
originate from scattering of conduction electrons with rich amounts of mobile defects in
artificially synthesized metal oxide nanowires. Furthermore, UCF characteristics in both
one-dimensional saturated and unsaturated regimes are identified, in quantitative
consistency with existing theoretical predictions. In another system of single IrO_2
nanowires where the mobile defects are less vigorous, time-independent UCF as a
function of varying magnetic fields are clearly observed.



New Insight in Hall Transport in Granular Electronic Systems
Juhn-Jong Lin®, Yu-Jie Zhang?, Ya-Nan Wu’, and Zhi-Qing Li®

“Institute of Physics, National Chiao Tung University, Hsinchu, Taiwan
®Department of Applied Physics, Tianjin University, Tianjin, China

New insight in the Hall transport in granular systems consisting of nanometer-sized granules has recently
witnessed significant theoretical and experimental advances. We have fabricated (1) a series of Sn-doped
indium oxide (ITO) ultrathin films with intergrain tunneling conductance gr>>1, and (2) a series of
Mo-SnQOs thick films with gr~1. The Hall coefficient Ry has been measured between 2 and 300 K.
In the case of ITO films, we observed a Ry o InT law over the wide T range ~1-100 K. This InT
dependence can be explained as originated from the e-e interaction effect which dominates the electron
dynamics within individual grains. Furthermore, we found that in this g7>>1 regime, the conductivity
obeys a o o InT law, as both newly theoretically predicted.! In the case of Mo,(SnOs);_, films, we
observed that the measured Ry (2K) magnitude reveals nearly 3 orders of magnitude enhancement and
peaks at the quantum percolation threshold z,~0.36 > x.~0.32, the classical percolation threshold. This
pronounced enhancement in Ry is explained in terms of the recent theoretical concept of the intergrain
local quantum-interference effect induced giant Hall effect in granular systems.?

Y. Yu. Kharitonov and K. B. Efetov, Phys. Rev. Lett. 99, 056803 (2007); I. S. Beloborodov et al.,
Phys. Rev. Lett. 91, 246801 (2003); Y. J. Zhang, Z. Q. Li, and J. J. Lin, arXiv:1107.4555.
2X. X. Zhang et al., Phys. Rev. Lett. 86, 5562 (2001); Y. N. Wu et al., Phys. Rev. B 82, 092202 (2010).
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Time-dependent universal conductance fluctuations in metal oxide nanowires
due to mobile defects

Juhn-Jong Lin®, A. S. Lien®, P. Y. Yang®, L. Y. Wang®, and C. S. Chu®

“Institute of Physics, National Chiao Tung University, Hsinchu 30010, Taiwan
®Department of Electrophysics, National Chiao Tung University, Hsinchu 30010, Taiwan

Time-dependent universal conductance fluctuations (UCF) are observed in single RuOg nanowires (~50—
100 nm in diameter and a few micrometers long) at cryogenic temperatures.® The fluctuations persist up
to unprecedentedly high temperatures of ~10 K. Their root-mean-square fluctuation amplitudes increase
with decreasing temperature, reaching a fraction of e2/h at temperatures below ~2 K. These fluctua-
tions are shown to originate from scattering of conduction electrons with rich amounts of mobile defects
in artificially synthesized metal oxide nanowires. Furthermore, time-dependent UCF characteristics in
both one-dimensional saturated and unsaturated regimes are identified, in quantitative consistency with
existing theoretical predictions.? In another case of single IrO, nanowires where the mobile defects are
less vigorous, time-independent UCF as a function of varying magnetic fields are clearly observed. The
variation in the fluctuation amplitude with temperature can be understood in terms of current theoretical
concepts, but a quantitative explanation is still lacking.

'A.S. Lien, L. Y. Wang, C. S. Chu, and J. J. Lin, to be published.
2S. Feng, in Mesoscopic Phenomena in Solids, edited by B. L. Altshuler, P. A. Lee, and R. A. Webb
(North-Holland, Amsterdam, 1991).
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