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Possible
mechanisms

of atom transfer
in scanning
tunneling
microscopy

by Robert Gomer

Various mechanisms for the sudden transfer of
an atom from or to the tip of a scanning
tunneling microscope are considered. It is
concluded that thermal desorption could be
responsible and also that quasi-contact in which
the adsorbed atom is in effect “touching” both
surfaces, which would still be separated from
each other by 2-4 A, can lead to unactivated
transfer via tunneling. For barrier widths as
small as 0.5 A, however, tunneling becomes
negligible.

Introduction

It is reported by various investigators [1] that there are
occasional abrupt, usually irreversible, changes in the tips of
scanning tunneling microscopes, and it has been speculated
that these result from the transfer of an atom or group of
atoms from substrate to tip or vice versa. This
communication examines various possibilities for such
transfers. The mechanisms examined are atom tunneling,
thermally activated desorption, and field ionization.
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Atom tunneling

When two surfaces are brought into close proximity, there is
the possibility that a weakly bound atom on one surface may
tunnel to the other. For simplicity we assume a parabolic
barrier of height ¥, and half-width x,. If we take the rate
constant for tunneling to be

k, = vexp —2Qm/h’)'"” f VV(x) — Edx, (1
with
V(x) = V[l = (x/x)], )

we find easily that

k, = vexp—Q2m/H)"” = V?x,

3

v exp —69(M Vo)l/2 Xg

where M is the mass in a.m.u., ¥, the barrier height in eV,
and x, its half-width in A. Let us assume that a jumping
event occurs on average once a day, so that k, =

24 % 3600)"' = 107°s™". We then find, assuming » = 10"
s, that MV, = (0.57/x,)’ (a.m.u.) eV/A’ If M = 28 am.u.
corresponding to Si and x, = 0.5, so that the actual barrier
base width is 1 A, ¥, = 0.5 eV. For such a small barrier,
thermally activated transfer would totally dominate and lead
to a lifetime of 107" s. The situation changes dramatically,
however, when x, = 0.1 A. For such a distance and again for
M =28 am.u, V, = 1.1 eV. It should be noted that at such
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