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Using angle-resolved photoemission spectroscopy, we have investigated changes in the band dispersion of a free-

electron-like surface state of Si(111)-y/3 X /3 -Ag, induced by adsorption of submonolayer Au adatoms. At room tem-

perature, where the adatoms are in a two-dimensional adatom-gas phase, electrons are transferred from the Au adatoms to

the substrate, shifting the surface band downwards and increasing the band occupation (carrier doping), and also causing it

to deviate from a parabolic dispersion. At 135 K where the Au adatoms are frozen at specific sites of the substrate, the

surface-state band splits into two. This is the first experimental verification of band splitting that can be explained in terms

of hybridization between the unperturbed surface-state band and the localized virtual bound states induced by the adatoms.

This kind of interaction between localized states around individual impurity atoms and extended carriers are very important

and common in various physical phenomena such as Kondo effect and diluted magnetic semiconductors.
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Fig. 1. Topographic STM images (31.2X31.2 nm?) of the
J3 -Ag surface with 0.02 ML of Au adatoms, taken
at (a) room temperature, Vip=1.80 V, I =0.75 nA,
and (b) 65 K, Vip=—0.50 V, I =0.75 nA. There are
no indication of adatoms on the surface at RT be-

cause of the fast migration.
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Table 1. Parameters in Egs. (1) and (3) employed to fit the bands in
Fig. 2 at RT and at 135 K, respectively.

Coverage | m*/mo | Es(eV)

E;(eV) | E«(eV) | V(eV)

0.01 ML | 0.064(5) | —0.22(3)

0.90(4) || —0.21(3) | 0.11(2)

0.02 ML | 0.054(4) | —0.36(1)

0.35(5) || —0.26(5) | 0.13(1)

0.03 ML | 0.023(3) | —0.48(1)

0.10(2) || —0.19(3) | 0.12(3)
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