Nanotrench Formation along Step Edges
of Vicinal Si(111) Surfaces by Wet-chemical Treatments
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We aim at forming atomic-thick Si ribbons from a silicon-on-insulator (SOI) layer possessing
a vicinal (111) surface by combining multiple wet-chemical treatments. Among the
treatments, the most important one is to cut neighboring Si terraces along atomic step edges
by metal-assisted chemical etching (MacEtch). To test this MacEtch performance, we have
started experiments using a Si(111) bulk wafer. The Si surface has the miscut angle of 0.2°
in the (112) direction.

After a cut sample was wet cleaned, it was immersed in water in which the concentration of
dissolved O2 molecules was very low, or a ppb level [1]. This process is referred to as the
first LOW (Low dissolved-O. Water) treatment. We find that a Si(111) surface composed of
flat terraces and biatomic steps was formed by this first LOW treatment, as shown in Fig.
1(a). Then it was immersed in LOW containing Ag" ions at a concentration of 5 ppm, which
is referred to as the second LOW treatment. Figure 1(b) indicates that Ag atoms were
selectively reduced at the edges of atomic steps on Si(111) to form Ag nanowires, as reported
by another group [2]. Finally, the Si sample with Ag nanowires was immersed into a mixture
of HF and H20.. Figure 1(c) indicates that the self-assembled Ag nanowires after the second
LOW treatment were replaced by almost continuous nanotrenches, as some examples are
shown by arrows in Fig. 1(c). This is probably because the Ag nanowires acted as a catalyst
to enhance chemical etching of the Si surface underneath [3]. By applying this sequence for
a thin SOI layer, we expect to form Si ribbons of which both a width and a thickness are
controlled in a self-assembled manner.
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Figure 1. AFM images (1x1
um?). After (a) first, and (b)
second LOW treatment,
respectively.  (c)  After
subsequent etching of a
sample in (b) in HF and
H20:.
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