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Crawford

This project partially supported efforts to employ magnetic recording media as nanotemplates for assembling magnetic
nanoparticles into designed structures. We have successfully built prototype 3D composites from magnetic nanoparticles with
interleaved structures, with strong potential for yielding THz metamaterials. In addition, we have built optical diffraction gratings
on polymer substrates enirely out of magnetic nanoparticles and demonstrated optical spectroscopy with the gratings. These
gratings could be capable of both mechanical and chemical detection of optical spectrum changes in analytes adsorbed on the
nanoparticle surfaces. Thus these materials could support multi-functional sensing, e.g. responding to simultaneous
mechanical and chemical stimuli. This technique could be a game-changer for THz sensing because it is very inexpensive to
build complex structures from nanomaterials over centimeter*2 areas

This project supported work studying the dynamical properties and noise of nanomagnet devices whose magnetization was
subjected to a spin transfer torque by an electric current. First, we demonstrated that the macrospin model can explalin the
absence of preswitching oscillations in magnetic tunnel junctions via a field-like spin transfer torque. We also showed that for
magnetic tunnel junctions undergoing large changes in resistance as the magnetization changes, that the dynamically changing
voltage can impact the device dynamics, as can capaicitive shunting. We further studied low frequency noise in sub-micron
magnetic tunnel junctions, observing Lorentizan-like noise spectra with significant deviations from 1/f behavior. These magnetic
results are critical for employing nanomagnets for sensing changes in chemisorbed synthetic DNA as part of a nanoscale
spintronic chemical sensor. The concept for this sensor lead to an issued patent as part of this project.

Finally, this project also supported efforts to support ongoing ARO projects through collaborations with Tom Pearl at NC State
and Mike Norton at Marshall. Crawford acquired a fluorescence microscopy capability and photoelastic modulator which were
used to study DNA systems on surfaces in support of Pearl and Norton. Similarly, resistance measurements on gold films with
self-assembled DNA structures were made in support of this project.

Li

(1) We developed several in situ atomic force microscopy (AFM) nanomechanical testing methods spanning (1) probing the
mechanical properties of individual one dimensional (1D) nanostructures, (2) mapping local, nanoscale strain fields, fracture
and wear damage of nanostructured heterogeneous materials, and (3) measuring the interfacial strength of nanostructures.
The novel AFM nanomechanical testing methods are expected to lead to further advancements in nanoscale mechanical
testing and instrumentation towards the exploration and the fundamental understanding of mechanical property size effects in
nanomaterials.

(2) We successfully synthesized single crystalline Ca2B205-H20 (CBOH) nanobelts for the first time using a facile catalyst-free
hydrothermal method at low temperature. After being annealed at 400 °C for 10 h, the CBOH nanobelts transformed into curve
shaped Ca2B205(CBO) nanogrooves with ordered stacking fault arrays along the direction. The single crystalline CBOH
nanobelts and the stacking faulted CBO nanogrooves provided a unique platform for investigating the effects of hydrated H20
and stacking faults on the mechanical properties of nanomaterials. Nanoindentation tests were performed directly on individual
CBOH nanobelts and CBO nanogrooves to probe their mechanical properties. It was found that the CBOH nanobelts, with the
presence of hydrated H20, achieved 28.7% increase in elastic modulus, whereas the stacking faulted CBO nanogrooves, with
the absence of hydrated H20, exhibited 99% loss in elastic modulus, compared to bulk CBO.

(3) ZnO nanostructures, one spotlight of functional and structural nanobuilding blocks in nanoelectronics and
nanooptoelectronic devices, have been intensively studied in the past decade. The thermal stability of such nanostructures
needs to be carefully considered because of their extremely high surface areas. We observed the entire melting process of
individual ZnO nanobelts in situ by atomic force microscopy (AFM) and transmission electron microscopy (TEM). We also
demonstrated how size affects the melting point of ZnO nanobelts. The finding of melting point depression in ZnO nanobelts
provides an additional design guideline for constructing robust ZnO nanodevices and opens up unprecedented opportunities for
developing temperature sensors.

(4) A simple, low-cost technique that combines hydrogen passivation (HP) with ultrasonication has been developed to separate
graphene flakes into monolayered sheets with an excellent dispersion in both absolute ethanol solution and epoxy resin,
overcoming the major roadblock in the application of graphene. The yield is based on the quantity of hydrogen introduced into
the solution and the power of ultrasonication. The fabricated graphene/epoxy composites exhibit simultaneously increase in
elastic modulus, fracture strength and toughness. The elastic modulus, fracture strength, and fracture energy values of the 1.0
wt.% graphene/epoxy composites fabricated by the coupled HP and ultrasonication are 12.28 + 0.84 GPa, 121.34 + 5.48 MPa,
and 0.030 + 0.004 J, respectively, demonstrating respective 103.3%, 47.9%, and 111.2% increase compared to those of the
matrix material. The coupled HP and ultrasonication method should find more applications where the structural uniqueness and
exceptional properties of graphene need to be fully utilized.

(5) By coupling scanning transmission electron microscopy (STEM) and digital image correlation (DIC) techniques,



atomic-scale imaging correlation successfully unveiled local strain fields induced by lattice distortion in the surface layers of
Sn02 nanowires. With the help of DFT, a clearer picture of the atomistic surface configuration of the nanowires was unraveled,
showing a reduced surface with subsurface oxygen vacancies. The vacancies were found to be responsible for the large and
vigorously alternating strains identified by DIC near the surface. Such configuration better explains the size effect on the
mechanical properties measured by nanoindentation, unveiling a mixed effect from surface energy and expanded bond length
due to vacancy formation. Such configuration also better explains the superior gas sensing capabilities of SnO2 nanowire
networks. The atomic-scale imaging correlation technique should find more applications in other nanostructures, providing an
in-depth understanding of the correlation between the surface atomistic structure and nano-properties.

Koley

This project resulted in the development of novel potentiometric and multimodal detection methodology for analytes, and
fabrication of Silicon (Si) and Gallium Nitride (GaN) based piezoresistive microcantilever sensors that can be used to detect
chemical and biomolecules based on either their static deflection or change in resonance amplitude. Microcantilevers, which
resemble tiny diving boards, are highly sensitive to a variety of physical parameters, such as temperature, electronic charge,
electrostatic potential, stress, and mass loading, which can be used to develop extremely sensitive physical, chemical, and
biological sensors. A major impediment in developing these sensors, either in miniaturized form or in an array, is the problem of
detecting nanoscale changes in deflection (both static and dynamic), which are almost exclusively measured by optical means,
which is cannot be easily miniaturized. This project has successfully addressed this problem by fabricating both Si and GaN
microcantilevers with ultrasensitive AIGaN/GaN field effect transistors integrated at the base of these cantilevers. We have
shown that due to special piezoelectric properties of 1ll-V Nitrides, these transistors can very efficiently transduce the static or
dynamic deflections of the cantilever, leading to strain gauge factors in the range of few thousands, and offering performance
very close to that of optical transduction systems. In addition, novel potentiometric and multimodal detection methodology has
been developed in this project to perform highly sensitive and selective detection of common gaseous analytes.

In this project, novel techniques for designing microcantilever sensors and predicting their performance were developed
using COMSOL Multiphysics based finite element simulations. Fabrication methodologies involving state-of-the-art
photolithographic techniques were used to fabricate the microcantilever sensors and package them in the form of a chip. The
sensor chips were then used to measure static deflection and resonant amplitude of the microcantilever, leading to the
detection of electrostatic signals with very high sensitivity. The developed detection methodology led to the detection of H2
down to a few ppm and NO2 down to ppb ranges. In addition, the multimodal detection technique led to the determination of
unique two-dimensional signatures of common analytes leading to their selective detection. The overall project led to 9 journal
publications, 2 approved patents, 15 conference presentations, and 8 invited talks.

The project activities also led to very significant technological and educational broader impacts. In terms of technological
broader impact, the development of the piezoresistive microcantilever sensor has opened up the possibility to detect a whole
range of chemical, biological, and nuclear analytes. The project also resulted in the training of one postdoctoral researcher and
three doctoral students. The training that the students obtained from this project enabled them to find employment in reputed
companies such as Intel, Applied Materials, and Advanced Micro Devices. The intellectual properties generated from the
research led to one start-up company (SENS4, LLC), which was successful in obtaining small business innovation research
funding, and created employment for two persons. The project also led to the creation of research infrastructure (in terms of
specialized equipment, test beds, and software), knowledge base, and expertise in the PI's lab, which is expected to lead to
further application of this very promising technology in a large variety of fields.

Technology Transfer



