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Electronic Structures of the Alkali Metal Adsorbed Si(001)2 x 1 Surfaces

Tadashi ABUKAWA and Shozo KONO

Research Institute for Scientific Measurements, Tohoku University

The study of the electronic structures of single-domain Si(001)2x1-K and Na surfaces
at saturation coverage by angle resolved photoelectron spectroscopy with synchrotron
radiation has been reviewed. To determine the dispersion of surface states in detail, the
spectra were measured along several symmetry axes of the 2X1 Brilluoin zone, and
surface-state dispersions were depicted. Symmetry properties of upper surface-state bands
were determined using the linearly polarized character of synchrotron radiation. The
electronic structures of the Si(001)2x1-K and -Na surfaces determined turned out to be
very similar to each other, and the symmetries and dispersions of the surface states
suggested that the dangling-bond states play an important role in the formation of surface
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Fig.1 Changes in work function, ® , and XPS

intensity ratio of Cs3d/Si2p as a function of the
duration of Cs deposition on Si(001). Open
circle are for @ and solid circles for the XPS
ratio.
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Fig.2 Schematic illustration of surface structural
models for alkali metal adsorbed Si(001)
surfaces; (a) the symmetric dimer structure of
the substrate, (b) the structural model for NEA
surface proposed by Levine, {c) the structural
model for the Si(001)2 X 1-alkali-metal surface
proposed by Levine, and (d) the double-layer
model for the Si(001)2 X 1-alkali-metal surface.
Open circle, shaded circle and solid circle
stand for Si, alkali-metal and oxygen atom,
respectively. High symmetric absorption sites of
the symmetric dimer structure are illustrated in

(a).
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Fig.3 Comparison of the surface-state dispersion
between experimental one and theoretical one
for the surface of Si(001)2 X 1-K (from-ref. 28).
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Fig.6 The surface Brillouin zone of the single-domain
Si(001)2 X 1-alkali surface in the repeated zone
scheme. Symmetry points relevant to the
present study are indicated.
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Fig.7 Projected bulk bands of the Si(001)2X1 sur-
face.

Fig.8 Schematic view of experimental geometries for ARUPS using polarized
light, (a) at the normal incidence and (b) at 0; of a finite incidence angle.
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Fig.11 Polarization-dependent ARUPS spectra for a
single-domain Si(001)2 X 1-K surface recorded
with hv=28eV, 6:=0° and 0.=58°. The spec-
trum (a) is the one in I'-J direction with A,
geometry, (b) in I'-J direction with A, (C) in[’
-J direction with A,, (d) in I'-J’ direction with
A. . Surface states, S; and S/, are labeled.
The labels m and p indicate, respectively,
admixtures of the minor domain contribution
and the opposite polarization due to an imper-
fection of polarizability of the synchrotron
radiation. The peak E in (a) is an extrinsic
state. The ordinate is relative photoelectron
intensity as normalized to the incident inten-
sity. Note the scale-change in (b). (from ref.7).
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Fig.15 Polarization-dependent ARUPS spectra for a

single-domain Na/Si(001)2X1 surface re-
corded with hv=21.2eV, at 0.=16°, (a) in the "
-J direction and (b) in the TI-J direction,
Spectra recorded with A, and A, + A, geom-
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respectively. Surface states S, and Sy are
labeled on the spectra. The label m indicates
admixture of the minor domain contribution.
(from ref.7).
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substrate.
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2 X1 surface deduced from figs.10 and 12 with
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based on an optimized double-layer model
(from ref.41).
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Fig.19 Comparison of the experimental surface-state
dispersion (shaded bands) for the Na/Si(001)
2 X1 surface deduced from figs.14 and 16 with
that (solid lines) of the theoretical calculation®”
based on an optimized double-layer model
(from ref.42).
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