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Surface chemical reactions at the atomic scale

Si(111)—2x1, flat

(a)

Si(111)-2x1, vicinal

(b)

Figure 5. (a) Flat and (b) stepped Si(111) surfaces after electron stimulated desorption from 1 the STM tip. Note the
greater amount of surface adatoms for the stepped sample which was miscut at 1.25° toward (112). Both images were
acquired tunneling into unoccupied sample states at +2.0 V bias.

on a (111) surface. Unlike the 2x1 surface created by
cleavage, where typically only one domain orientation is
present, the 2x1 surfaces left after hydrogen desorption
are broken up into a number of individual domains with
a typical size of 200 A, with observed upper limit of
~400 A. Figure 5a is typical of the domain distribution
for "flat" (vicinality < 0.2°) Si(111) surfaces, with
sizes ranging from ~ 100 A up to 300 A. As expected,
the domains are distributed equally between the three
possible orientations. For the vicinal surfaces, typified
by the image shown in Figure 5b, the domain size is re-
stricted by the mean distance between step risers im-
posed by the misorientation. For the image in Figure
5b, the miscut angle of 1.25° toward (112) forces dou-
ble-layer steps an average of 145 A; fluctuations and
polishing roughness generate situations where the step-
step spacing is both as close as 100 A and as dispersed
as 250 A. From these considerations, this vicinality is
just large enough for the presence of the step array to
influence the 2x1 domain distribution. Figure 6 shows
a set of tunneling images covering a lateral extent of
~1000 A where the 2x1 structure has been created on
another substrate misoriented 1.25° toward (112). Anal-
ysis of this image, and others like it, show that the
presence of the step array has altered the distribution of
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2x1 domains; the domain comprised of m-chains parallel
to the step risers, D _, is suppressed to the point that
only 10 per cent of the step risers consist of this
orientation, while the two domains whose chains
intersect the step riser at 60°, D |, are enhanced, both
comprising 45 per cent of the step riser. This result is
a bit surprising in view of the fact that step terminations
where the 7-chains are parallel to the step riser are both
simple in atomic configuration and expected to be locally
favorable [4]. If the vicinality is increased to 2.5°, the
D _ domains are virtually eliminated.

Close inspection of the tunneling image in Figure 6
shows that in many cases the D _ domains are larger in
extent near the upper step riser and attenuated as they
near the lower step riser. One such region may be seen
in the lower left of Figure 6. Examination of many such
images show this as generally true; as the proximity of
the lower step riser decreases, the D L domains on ei-
ther side swallow the D _ domain. What is most likely
occurring is an interaction between the anisotropic strain
fields introduced by the presence of the 2x1 recon-
struction and the step array which breaks the degeneracy
of the three domain orientations. Calculations by
Vanderbilt [18] show that the 2x1 7r-chain surface is in
tension both along and across the chains, but greater




