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Comment on "Atomic-Structure-Dependent Schott-
ky Barrier at Epitaxial Pb/Si(111) Interfaces"

Under ultrahigh vacuum Pb is known to grow on
Si(111) according to the layer-plus-islands mode. The
islands sit in parallel epitaxy with (111)Pbll(111)Si:
[110]PbII [110]Si. The two-dimensional (2D) adlayers,
which are essentially close-packed Pb layers according to
a recent surface x-ray-diff'raction study, ' display, at sat-
uration, two structures: At room temperature (RT) a
commensurate Pb/Si(111) 7 x 7 structure, in parallel
orientation relative to the substrate, is formed while it is
after annealing or high-temperature (HT, -250'C)
deposition an incommensurate Pb/Si(111)R30' ione-,
rotated by 30'.

Above these two different adlayers, over n type -sam-

ples, Heslinga et al. ~ have deposited, in situ, Pb contacts
and further determined from electrical measurements,
current-voltage (IV) and capacitance-voltage (CV). The
following Schottky-barrier heights were found: 0.62
~0.02 eV (IV), 0.70~0.02 eV (CV) on the first phase
[they call these Si(111)7&7 Pb contacts] and 0.90
~0.02 (IV), 0.93~0.01 (CV) on the second one [they
call these Si(111)J3XJ3R30'-Pb contacts). They un-

derline that 0.93 eV is an extraordinarily high Schottky-
barrier and attribute the large difference, by at least 0.23
eV, in barrier heights between the two types of contact to
the different interfacial geometries and related electronic
structures.

At the time they submitted their Letter, Heslinga et
al. were probably not aware of our just published re-
sults on synchrotron-radiation photoemission measure-
ments of the formation of the Pb/Si(111) interface at
RT and HT where similar Schottky-barrier heights
(SBH's) were mentioned. At that time we had indicated
from Si 2p core-level spectroscopy on p-type substrates a
gradual shift towards lower binding energy of the Si 2p
line upon completion of the Pb/Si(111)7 x 7 phase at RT.
In further works ' we have obtained the same result on
n-type samples and noticed an additional band-bending
shift (by -Q. l eV) after annealing or upon HT dep-
osition in the course of the obtention of the
Pb/Si (111)R 30' iphase. -

As the Fermi level (FL) at clean Si(111)7X7 surfaces
is pinned at 0.65 eV above the valence-band maximum
these band-bending changes lead straightforwardly to
the following SBH's at saturation of the two 2D ad-
layers: -0.87 and -0.97 eV, respectively, to be com-
pared to the values cited above obtained by Heslinga et
al. on diodes.

If the tendency towards higher barriers after anneal-
ing is the same, large discrepancies exist between the
values measured, especially at RT, by photoemission
(0.87 eV) on the monolayer films and by electrical mea-
surements on thick diodes (0.7 eV). These discrepancies
surely point to drastic structural changes in the first lay-

ers below the islands during their growth —the metasta-
ble Pb/Si(111)7&7 initial phase surely disappears —a
reorganization must occur also for the annealed
Pb/Si(111)R30' ip-hase to recover a parallel orientation
of the islands [as a matter of fact such a rearrangement
was envisaged for the related Pb/Ge(111) interface ].
As a consequence we think that the difference measured

by Heslinga et al. on their two types of contacts cannot
be simply assigned to the two different structures of the
2D adlayers.

With photoemission we can probe electronic states
only in the monolayer regime; indeed our valence-band
spectra showed a marked difference in the occupied
density of states for the two 2D phases, although both
showed emission at the FL. These new metallic states
pin the Fermi level at 0.25-0.15 eV above the valence-
band maximum, yielding unusually large SBH's.
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