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Understanding the properties of surfaces of solids
and the interactions of atoms and molecules with
surfaces has been of extreme importance both from
the technological and academic points of view. The
advent of ultrahigh vacuum technology has made
microscopic studies of well-characterized surface
systems possible. The way atoms move to reduce
the energy of their surface, the number of layers of
atoms involved in this reduction, the electronic and
vibrational states that result from this movement,
and the final symmetry of the surface layer are all
of utmost importance in arriving at a fundamental
and microscopic understanding of the nature of
clean surfaces, chemisorption processes, and the
initial stages of interface formation.

The theoretical problems associated with these
systems are quite complex. However, we are cur-
rently at the forefront of solving the properties of
real surface systems. In particular, we are contin-
uing our efforts in developing new techniques for
calculating the total ground-state energy of a
surface system from “first principles,” so that we
can provide accurate theoretical predictions of
surface geometries and behavior. Our effort in this
program have been concentrated in the areas of
surface growth, surface reconstruction geometries,
structural phase transitions, and chemisorption.

2.2 Flipping Dimers on the Si(100)
Surface

Scanning tunneling microscopy (STM) and atomic
force microscopy (AFM) have revolutionized exper-
imental studies of the properties of surfaces of
solids. Both techniques utilize very sharp metallic
tips (typically tungsten) to probe the surface and to
obtain surface information at a resolution
approaching the atomic scale. Apart from mea-
suring fundamental properties of a surface, STM
systems have also been suggested as platforms for
the development of ultrahigh density information
storage. However, building an ultrahigh density
memory device using a scanning tip approach
would require (1) a stable and controllable surface
and (2) nondestructive interactions between the
surface and tip. A clean surface may therefore
prove to be more desirable than a partially
adsorbed surface. In particular, a clean surface
can provide a more stable, uniform, and dense dis-
tribution of surface storage elements. In addition, it
may also be desirable to use the tip in a gentler
mode as a mechanical tool rather than with a bias
voltage pulse.

Thus to maximize the amount of information that
could be stored, the ability to reversibly change
data on the smallest scale possible and the
robustness of the control over the atomic structure
of the surface, it is of interest to search for a clean
surface whose intrinsic surface atoms will be ame-
nable to reversible displacements in a manner that
is as benign to both tip and surface as possible.
Such a task is extremely difficult to perform purely
experimentally. Theoretical guidance in terms of
accurate quantum-mechanical calculations would be
a great benefit. Many microscopic processes are
involved in the interactions of an atomically sharp
tip and the atoms of the surface. Intimate contact
between tip and surface can induce damage to the
tip or the surface. This damage can occur because
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