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Ultraviolet photoemission study of the initial adsorption of Pb on Si(100)2 x 1
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Using monochromatized synchrotron radiation (30 eV ~ hv~ 52 eV) we have measured uv
photoemission of the valence bands and shallow core levels of the Pb/Si(100)2X 1 system during
the initial stages of interface formation at —280 C. We have analyzed the shape of the spectra
and the intensity of the Pb 5d emission which we compare with Auger electron spectroscopy data.
The results show that the system is unreactive and the growth proceeds according to a layer-plus-
islands mode. We show also evidence of the metallization of the surface beyond monolayer cover-
age.

I. INTRODUCTION II. EXPERIMENT

There have been relatively few studies of the initial ad-
sorption of metals on Si(100) when compared with the ex-
tensive literature on Si(111) surfaces. Recent synchrot-
ron radiation studies concern reactive systems: Au/
Si(100) (Refs. 1 and 2), Cu/Si(100) (Ref. 3) which show
intermixing at low metal coverages. The analysis of the
data, in this context, is quite involved. Thus, unreactive
systems are of basic interest because they may provide a
good meduium in which to study coverage-dependent
structural arrangements, bonding characteristics, growth
modes, and development of the electronic properties in a
more straightforward way. In this respect lead mono-
layers on Ge and Si are very good examples because the
phase diagrams do not show the presence of any chemical
compound and the mutual solubilities are negligibly small
at the Pb melting point.

In the last period we have carried out extensive studies
of the Pb/Ge(111) and Pb/Si(111) system using in paral-
lel different surface-sensitive techniques [low-energy-
electron diffraction (LEED), Auger electron spectrosco-
py5 (AES), ellipsometry, uv, and soft-x-ray photoelec-
tron spectroscopy ] to probe complementary aspects of
the physical properties of the interface in the course of its
formation. Simultaneously another group has taken the
advantage of the high atomic number of the overlayers,
which leads to large scattering amplitudes, to perform sur-
face x-ray scattering experiments to determine the atomic
geometries. However, to our knowledge, no study of the
adsorption of lead on (100) surfaces of group-IV semicon-
ductors has been undertaken until now. Thus, it is the aim
of this paper to present the first adsorption study of Pb on
Si(100)2 x 1. In addition to the evolution of the electronic
states, followed by synchrotron radiation uv photoemis-
sion, we study in detail the morphology of the growing in-
terface using in situ LEED and AES data and ex situ
scanning electron microscopy (SEM) observations.

The LEED, AES experiments, and SEM observations
were carried out in Marseille and a series of photoemis-
sion measurements has been performed at the Anneau de
Collision d'Orsay storage ring of the Orsay Synchrotron
Radiation Facility (LURE) in the photon energy range
39-52 eV. Silicon single crystals (n-type, —100 0)
oriented along the (100) direction were in both cases
cleaned by heating at 1100 C; the cleanliness of the sur-
face was controlled by LEED and AES. During lead eva-
porations (using a Knudsen cell) the pressure remained in
the low 10 -Torr range. The Pb deposition was moni-
tored with a quartz-crystal oscillator. The monolayer
(ML) scale is referred to the density of Si atoms on the
ideal Si(100) surface (1 ML Pb: e=l is equivalent to
6.8x 10'" atoms/cm ). In the photoemission experiments,
the incidence angle of the photon beam was 45 . Photo-
electrons were collected at normal emission with a hemi-
spherical analyzer (2' acceptance angle) with a typical
resolution of 0.2 eV.

III. RESULTS AND DISCUSSION

A. Si(100)2x1

Following the cleaning procedure, sharp 2 x 1 LEED
patterns [consisting of (2X 1) domains in two orientations
90' apartl appeared. Figure 1 shows a set of normal-
emission spectra. The binding energy is referred to the
Fermi level EF measured on a polycrystalline Au foil in
electrical contact with the sample. The energy distribu-
tion curves (EDC's) are characterized by the well-known
surface state (SS) at the upper edge (- —0.8 eV) of the
valence band. We note that because of our rather good
resolution this SS is clearly resolved in the 30-52 eV pho-
ton energy range, this was not the case in previous stud-
ies. ' Other distinct features (8, C, and D) are apparent
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