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Graphene [1] is a single layer of carbon atoms organized in a honeycomb network which remains
stable and very strong both on substrate and when suspended in air or vacuum. Because of its
high structure integrity and quasi 2-D carbon crystalline nature, graphene has demonstrated
various properties that make it a excellent candidate for the next generation electronics. In the
past, molecular systems based on graphene such as carbon nanotube and C60 were intensively
studied and showed great promise in exploiting quantum confinement effects and miniaturization
of electronic device. However, the drawbacks that limit the application of these systems are the
difficulties in sorting, manipulating and integration of them into a circuit. Graphene on the other
hand provides a unique opportunity to access the power of the molecular devices through high
resolution top-down lithography which can cut an entire circuit of design out a single sheet of
graphene.

Since the discovery of graphene, a few attempts have been made to fabricate nanometer scale
graphene using lithography based on e-beam [2], scan tunneling microscopy [3] and transmission
electron microscopy [4]. These works show that the graphene devices remain stable when
approaching to molecular scale and that the resulting devices start showing interesting propeties
due to quantum confinement. On the other hand, theoretical works have predicted various
interesting electronic and magnetic properties of nanoscale graphene structures such as
topological frustration induced magnetism in arbitrary graphene nanoflakes [5] and the half-
metalcity of graphene nanoribbon [6].

Our study combines the power of high resolution transmission electron microscopy / lithography
with theoretical first-principles calculation, pushing the fabrication and understanding of
graphene sculpted device to the molecular scale. Our state of the art Libra Cs corrected TEM and
STEM allows us to punch holes and draw circuits with the nanometer resolution on single,
double or few layer graphene. These thin films are suspended across structures or contact
electrodes predefined using photolithography. The transport properties can be measured either in
situ or out side of TEM vacuum with an option of cyro-cooling. The imaging, configuration and
properties of the sculpted molecular devices are simulated with contrast transfer function
algorithm, density functional theory and non-equilibrium Green’s functional theory. These
molecular devices could open doors to many important applications of graphene such as
molecular logic processing and single bio-molecular transport and characterization.
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Figure 1. Rendered model of a proposed molecular graphene logic device

Figure 2 left, HRTEM image of graphene sheet showing folded edge layers and inset FFT form
the hexagonal lattice. Right, HAADF image of test cutting of multi-graphene layers using Zeiss
Libra 200 STEM showing cutting edges and end dwell points.
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