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818 Condensed Matter H.P.A.

Observation of a new mode in the energy loss spectrum
of the Sb/GaAs(110) system

E. Angeli, Maria Grazia Betti*, U. del Pennino and Carlo Mariani
Dipartimento di Fisica, Universitd di Modena, via Campi 213/A, I - 41100 Modena
* Present address: Istituto di Struttura della Materia del C.N.R., via E. Fermi 38, I
- 00044 Frascati

A new feature has been singled out and identified in the high resolved electron
energy loss spectrum of the Sb/GaAs(110) system at room temperature. Its evolution
up to the completion of a thick Sb layer has been followed. We attribute it to an

electronic transition of the antimony layer.

At the first adsorption stage the Sb/GaAs(110) surface presents mainly semicon-
ducting characteristics, the thicker policrystalline layer shows the proper semimetallic
properties of antimony. These stages of chemisorption are reflected into the several in-
terface properties, like the Schottky barrier, the change in band bending and the surface
lattice dynamics 3.

High Resolution Electron Energy Loss Spectroscopy (HREELS) has revealed to be
a powerful surface technique for vibrational and collective properties of semiconductors,
and of their characteristics related to the electronic transitions®. Surface sensitivity
and high resolution make the HREEL the proper spectroscopy to study electronic prop-
erties for narrow gap systems and allow to follow a transition from semiconductor to
semimetal.

We performed a HREELS experiment in the low energy loss region (0-300 meV) for
the Sb/GaAs(110) system, as a function of antimony coverage at room temperature. A
few observations can be done on analysing the HREELS data in the elastic peak region
and in the (0-80) meV energy loss range, as a function of Sb coverage. For the clean
GaAs surface, the Fuchs Kliewer phonon is at about 38 meV, while the plasmon, induced
by the dopant’s free carriers, is at about 24 meV. At the completion of 1 ML, the surface
phonon disappears, as well as the plasmon. At the higher coverages, the expected wider
elastic peak widths subsequent to a metallisation of the surface is compensated by the
strong quenching of the plasmon and phonon amplitudes®. Between the coverages of 1
and 4 ML the elastic peak intensity decreases and the LEED image disappears into the
background in agreement with previous works®. Therefore, we assume this evidence as
an amorphisation of the Sb layer around 4 ML of coverage.

At higher energy losses we observe a structure at about 90 meV (© ~ 15M L), as

shown in Fig. 1. Its ”center of mass” shifts to higher loss energies, upon increasing the
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Sb coverage, up to about 125 meV for the 150 ML film. The spectrum relative to this
last coverage presents a structure whose spectral shape and position are very similar
to those of a thick Sb layer. Our observation is the first evidence obtained through
a surface sensitive technique of a structure at this energy on this interface. This loss
could be attributed to an electronic excitation of antimony. If we suppose a relatively
high joint density of states (JDOS) at those energy values where a gap opens electronic
interband transitions can be observed across the gaps, superimposed to a continuum of

intraband transitions typical of the semimetal.
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