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Discussion with Reviewers

Reviewer I: It is a little bit unclear about the hysteresis
curve in Figure 4. It appears that two diverging paths
for approach and retraction of the tip do not occur until
after going over the "kink" in interaction energy. If this
were the case, a bit more physical explanation for how
this "global adsorption energy minimum" position makes
it any different from others in chemical bonding/struc-
tural relaxation, etc. would be helpful to readers.
Authors: The range of the hysteresis loop of the dimer
geometry is not directly reflected in the curves of the
force on the tip and the tip-surface interaction energy
since the dimer geometry can follow two different local
minimum paths with almost identical energies. The kink
in the down-path energy curve only indicates the pres-
ence of an energy barrier for flipping the dimer in the
down-path, rather than representing the range of the hys-
teresis loop. The diverging hysteresis paths of the dimer
geometry begins at about 3 A, before the down-path
reaches the kink.

H. Rauscher: In the calculations of Huang and Allen
[8], the symmetric appearance of the Si dimer is ration-
alized by a rapid thermally induced flipping of the di-
mer. Do you think that in an STM measurement the in-
teraction of the scanning tip with the dimer is strong
enough to stop this flipping temporarily or that such a
thermal flipping is not relevant for STM measurements?
Authors: In an STM measurement, the interaction of
the scanning tip with a dimer is different for the up-flip
and down-flip configurations. Consequently, if one plots
the energy of the tip-surface system as a function of the
asymmetry angle, it becomes an asymmetric double po-
tential well. At finite temperatures, the dimer can flip
between the two local minima of the potential well.
However, the difference of the local minimum energies
leads to different average times for the dimer to stay in
the up-flip or down-flip configurations. At room
temperature, the dimer can flip many times (about 105
times) during a typical STM measurement time, and the
ratio of the average time for the dimer in the up-flip and
the down-flip configurations is about 2500. Consequent-
ly, the dimer stays in the up-flip geometry for all practi-
cal purpose, as if it is captured by the scanning tip.
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H. Rauscher: Asymmetric dimers can be observed by
STM in the vicinity of defects {bucking along the dimer
row; see Wang ef al. (1994)}. In this case, why is a
flipping of the dimers (as postulated by the authors) not
observed?

Authors: Asymmetric dimers are observed in room
temperature STM measurements in the vicinity of the
defects. This stabilization of the asymmetric dimers
could have been caused either by an increase of the en-
ergy barrier between two asymmetric dimer configura-
tions to suppress the thermal flippings or by the asym-
metry of local minimum energies induced by the defect.
Since the influence of a defect on a dimer in the vicinity
is usually not symmetric to the two atoms of the dimer,
the second mechanism is more likely to be in effect.

H. Rauscher: In AFM measurements, the interaction
between the tip and the surface has a much longer range
than in STM measurements. Usually, this interaction is
considered to be relevant, not only for the outermost
atom of the tip and "a surface atom" as stated by the
authors, but between a number of atoms on the tip and
on the surface. How do the authors see the possibility
of fabricating a potential high density memory device (as
stated in the text) by plastically deforming single dimers,
and thus read and write single bits of information, in the
light of these arguments?

Authors: In the usual AFM measurements, the scan-
ning tip is pressed against the surface so that many tip
atoms are in intimate contact with the surface atoms. In
this case, the force on the scanning tip is repulsive.
However, it is also possible to operate the tip at a larger
distance with attractive force on the tip to satisfy the
conditions described in the manuscript. The possibility
of delicate control of a scanning tip, which can be used
to realize the plastic deformation, was recently demon-
strated by Salling and Lagally (1994).
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