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The proposed goals of this collaborative workrét and Whetten at Georgia TechSchaaff at
Oak Ridge National Lab) were to systematically charactetiiee electronic structure and dy-
namics of 3-dimensional metal and semiconducting nantals/sising scanning tunneling mi-
croscopyspectroscopy (STKBTS) and ballistic electron emission spectroscopy (BEE8)ing
the grant period, substantiaffert also was devoted to the development of epitaxial graphen
(EG), a very promising materials system with outstandintepiial for nanometer-scale ballis-
tic and coherent devices (“graphene” refers to one atonyierlaf graphitic,sp?-bonded carbon
atoms [or more loosely, few layers]). First’s lab, the latter #ort became the main focus of this
nanoscience research. Funding from this DOE grant wasalrifor the initial development of
epitaxial graphene for nanoelectronics.

Graphene research has become one the busiest subfieldsdensed matter physics since
our 2004 publication [1], and epitaxial graphene has agcathe attention of electronics industry
giants Intel and IBM. References [1] and [2] were (appareritig)first transport measurements
performed on epitaxial graphene. These works clearly dstnated the potential of the material
for large-scale integrated ballistic and coherent namtesrics. Because of its basis in carbon, and
the ability to pattern the material with standard nanolitaphy techniques, EG could ultimately
provide a platform for molecular- and nanocrystal-basedtebnic devices.

Per sonnel

The following students received funding from this grantgortions of their Ph.D. research:

1. A.Y. Ogbazghi (Ph.D. in Physics, 2005)
Thesis title:Conductance through Nanometer-scal e Metal-to-Graphite Contacts.
Employment: Intel Corp., Portland, OR.

2. Sameh Dardona (Ph.D. in Physics, 2006)
Thesis title:Energy Relaxation and Hot-electron Lifetimesin Sngle Nanocrystals.
Employment: United Technologies Research Center, EastdtldsiCT.

3. Tianbo Li (Ph.D. in Physics, 2006)
Thesis title:Characteristics of Graphite Films on Slicon- and Carbon-Terminated Faces of
Slicon Carbide.
Employment: Spansion, Inc., Sunnyvale, CA.
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4. Ryan Price (Ph.D. in Chemistry, 2006)
Thesis title:Nanocrystalline Gold Arylthiolate Molecules.
Employment: Postdoc, Georgia Tech.

5. Jianfei Shao (Ph.D. in Physics, 2006)
Thesis title:STM/STS and BEES Study of Nanocrystals.
Employment: Spansion, Inc., Sunnyvale, CA.

One Postdoctoral scientist was employed:

1. Dr. T. P. Bigioni (Physics): Upgrades to low-temperatuféSnstrument, student training
and STM experiments (April 2002—-September 2002).

Undergraduates who participated in this research wereidalkkington (Summer 2002, REU,
U. Florida); Burt Betchart (Summer 2003, REU, Oberlin); Hami€audill (Georgia Tech, 2003-
5), Michael Hadsell (Georgia Tech, 2004).

Research Highlights

Referenced publications and Theses are listed ifrtliof cations section. Journal publications
are attached in the order they are referenced. Theses caawmdodded from the URL listed in
the reference.

¢ Correlation of nanocrystal core mass with STM height [3].

¢ Synthesis of new nanocrystal compounds [4, 5, 6, 7].

¢ Elucidation of mass spectra from laser desorption iororei, 9].

e Correlation of energy gaps with nanocrystal core mass (taubéghed).

e Discovery of high impedance and confined electronic stdtesreetalgraphite interface [10]
(and tbp).

e Atomic-scale imaging with a liquid metal STM tip [10] (andplb

e Growth and characterization of epitaxial graphene [1, 2121 13].

e Measurement of carrier mobilities and coherence lengti3r1, 2].

e Observation of quantum confinement in EG ribbons [2].

e Demonstration of electrostatic gating in EG [1].

e Proposal for a new nanoelectronics paradigm based on E@rd]gdatent).

e Calculation and physical picture of the conditions for a Brtewsingle in negative index
materials [14].



¢ Development of a new STM-based single-nanocrystal tecienigr measurements of elec-
tron relaxation rates in nanocrystals [15, 16] (and tbp).

¢ Rate equation modeling of the tip-nanocrystal-substratedling process, and prediction of
subthreshold BEES current [16].
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