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Semiconductor-metal transition of the single-domain K/Si„100…-„231… interface
by Fermi-surface determination
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The semiconductor-metal electronic transition of the K/Si(100)-(231) interface is studied by exploring the
Fermi surface with photoemission spectroscopy. Once metallized at a critical coverage the surface remains
metallic up to saturation. The experimentally determined Fermi surface consists of hole pockets centered
around theḠ points of the surface Brillouin zone. These results are fairly well reproduced by calculations based
on a 2D Mott-Hubbard model. The metallization process is related to the overlap of Si-confined electron clouds
surrounding the K atoms rather than to changes in the surface atomic structure.@S0163-1829~98!01711-1#
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I. INTRODUCTION

The adsorption of alkali metals on semiconductor surfa
has been widely studied due to both the technological ap
cations and, the fundamental interest of these interfaces1 In
particular, the adsorption of alkali-metal overlayer surfac
has suggested the possibility of producing conducting
dimensional chains on top of the Si~100! surface. However,
despite the large amount of work devoted to this topic,
agreement has been achieved yet on the description o
basic electronic and atomic properties of these layers.1 Most
of the experimental surface techniques and theoretical m
ods have been applied for the characterization of these p
erties. Thus, studies by x-ray photoelectron diffracti
~XPD!,2,3 scanning tunneling microscopy~STM!,4,5 angle-
resolved ultraviolet photoemission spectroscopy~ARUPS!
and inverse photoemission spectroscopy~IPES!,6–8 surface
extended x-ray adsorption fine structure~SEXAFS!,5,9 pho-
toelectron spectroscopy~XPS!,10,11 thermal desorption spec
troscopy ~TDS!,12 first-principles molecular-dynamic
calculations,13 semiempirical self consistent fiel
Hartree-Fock14 andab initio total-energy calculations15 have
been carried out on these systems and ended up with di
ent structural models and electronic descriptions.

Mainly two different structural models have been pr
posed for adsorption of alkali metals on Si~100!. In the ear-
liest accepted model a single adsorption site on the Si sur
is occupied by the Alkali atoms which are located either
pedestal16 or cave5 sites@see Figs. 1, sitesb andd, respec-
tively# forming one-dimensional alkali chains~ODAC’s!
along the^001& surface direction.16 The metallization of this
interface is claimed to take place along the ODAC with
saturation coverage of 0.5 ML.15 However, several studie
have subsequently challenged this model, proposing a n
570163-1829/98/57~15!/9201~7!/$15.00
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metallic character of the interface at K saturation. In tho
works a two-dimensional double-layer model was preferr
with the alkali atoms forming a complete overlayer whe
both pedestal and valley positions are occupied@see Fig. 1,
sitesb andc, respectively#.16 The interface is then expecte
to become semiconducting at saturation coverage~1 ML!.17

More recent photoemission studies have found just the
posite situation; i.e., after a semiconductor-metal transiti
the interface remains metallic up to saturation coverage.7,8,11

The disagreement among different experimental result
mainly caused by both the temperature dependence of
saturation coverage and the rapid oxidation of the adsor
layer.9 Moreover, the very low photoemission cross secti
of the states closest to the Fermi energy (EF) renders a clear
description of the metallicity difficult. In addition, Si~100!
surfaces present a double-domain~DD! structure that gives
rise to the mixing of parallel and perpendicular features
the dimer rows~Fig. 1! in angular resolved experiment
making their identification and analysis difficult. As will b
shown below, special attention has been paid throughout
work to characterizing and avoiding experimental tendenc
that can lead to wrong results.

We shall provide some further light on the electron
structure of the K/Si~100! system. The origin of its metallic-
ity of the interface as well as the role of the charge-trans
processes will be studied by measuring the evolution of
Fermi surface~FS! at two different coverages. This will be
supplemented by a mean-field calculation based on a
Mott-Hubbard model for a monodomain sample which w
able to reproduce the experimental FS.

The presence of a FS in a material is a clear signa
metallicity. This FS is of great importance in understandi
the properties of materials and epitaxial layers and is co
monly mapped by making use of the de Haas–Van Alph
9201 © 1998 The American Physical Society
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effect. Unfortunately, this technique requires high-pur
samples and, in principle, low temperatures, and therefor
is not suitable for thin layers in ultrahigh vacuum~UHV!.
Fortunately, ARUPS appeared recently as a powerful tool
measuring the Fermi surface in different compounds, lay
and especially for systems showing electronic ph
transitions.18–22 The FS shape is characteristic of the ele
tronic dimensionality of a system.21,22 For a three-
dimensional~3D! system the Fermi surface measured
ARUPS consists of continuous lines in thek space corre-
sponding to slices related to the intersection between the
Fermi surface and the free-electron final-state sphere.18 How-
ever, for a 2D system, where there is no band dispers
along k' , the Fermi surface can be represented as a p
matic surface in the 3Dk space. Therefore, the Fermi surfa
of a 2D film is normally characterized by electron and ho
pockets around specific points of the surface Brillouin zo
~SBZ’s!.20,22

Previous studies on this system by direct and inve
photoemission8,11 have shown an electron band with par
boliclike dispersion that crosses the Fermi level just ab
saturation. In a previous paper the presence of a cutoff a
Fermi energy position was reported for coverages above
ML ~Ref. 7! indicating a metallic interface at saturation co

FIG. 1. ~a! Schematic representation of the reconstruc
Si(100)-(231) surface showing the main alkali adsorption sit
proposed in the literature: (a) bridge, (b) pedestal, (c) valley,
and (d) cave. The 231 surface unit cell is represented by a th
line. ~b! First and second surface Brillouin zones indicating t
main high-symmetry points.
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erage and nonparabolic dispersion of the electronic st
near the Fermi level. In the present work, it will be seen t
the K/Si(100)-(231) surface has a 2D FS, indicating
well-ordered metallic interface. It will be shown that fo
lower coverages~approximately one half of the saturatio
coverage! neither the Fermi edge nor the FS is detected. T
2D Fermi surface is detected at specific points of the S
and it consists of hole pockets centered around theḠ point of
the SBZ. Throughout this article the mechanism respons
for the electronic transition from a semiconducting to a m
tallic interface will be discussed with the aid of a Mot
Hubbard model for this interface. Specifically, this transiti
stems from the overlap of the Si electron clouds around
K adsorption sites.

II. EXPERIMENTAL AND THEORETICAL DETAILS

Experiments were performed with a VG-ESCALAB
spectrometer in an UHV chamber with a base pressure
ing experiments of 2310211 mbar. The UHV system is
equipped with a motorized two-axis goniometer and with
data acquisition system that allows for fully automatic r
cording of two-dimensional photoelectron-intensity map
The overall energy and angular resolution were 35 meV
1°, respectively. Si~100! crystals were used~n-type, 30
V cm! for experiments. The angle-resolved UPS measu
ments were carried out with an unpolarized He lamp (hn
521.2 eV). After several cycles of high-temperature anne
ing in UHV the typical 231 2D surface reconstruction wa
observed in the LEED pattern. To obtain aSD surface we
have evaporated Si on Si~100! following the recipe described
in Ref. 23. The LEED pattern corresponding to the cleanSD
Si~100! surface presented minor, hardy observable spots
to the second domain. K was evaporated from a comm
cial SAES getter. During evaporation the sample tempera
was around 250 K and the pressure never rose ab
10210 mbar. The K coverage was estimated by compar
the ratio and evolution of the K and Si 2p photoemission
peaks with a previously calibrated curve.9,24 Also, it has been
noticed that the XPS intensity of the K 2p peak saturates fo
a particular coverage, i.e., does not increase with evapora
time, as happens in Ref. 9. This coverage will be called
saturation coverage. Experiments have been recorded for
different coverages: Saturation coverage (us), estimated for
our experimental setup to be around 0.7 ML in good agr
ment with previous work10 and half of the saturation cover
age (1/2us), which is around 0.35 ML.

Fermi surface measurements were performed by
method that consists of sequential data acquisition of
total photoemission intensity at the Fermi energy for a co
plete range of polar and azimuthal emission angles~u,w!.
The result is represented as a 2D pattern, where emis
angles~u,w! are transformed inki vectors and the photoemis
sion intensity represented as a gray-scale image~Fermi sur-
face map; darker pixels correspond to lower intensities
brighter pixels to higher intensities!. An electronic state ap-
proaching the Fermi edge will cause a net increase in
total number of emitted photoelectrons at the Fermi ener
and then the intensity maxima in the 3D maps indicate
points of the reciprocal space where a band crosses the F
edge. More details about the measurement procedure ca

d
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found in Refs. 18 and 19. The Fermi surface scans prese
in this work have been recorded by measuring the numbe
counts at the Fermi energy with respect to the backgro
for around 3500 angular settings with an angular accurac
1°. The surface maps are presented in a linear gray scale
correction for the instrumental response and no symm
averaging has been applied to the data.

This interface will be characterized by a 2D Mot
Hubbard model. As shown previously25 this is a reasonable
model as long as one is interestedonly in the electronic
structure near the Fermi level. It is then possible to map
results of a full density functional calculation onto an effe
tive 2D Mott-Hubbard model, in such a way that all th
information about its geometric structure is somewhere b
into the model parameters. This is similar to what happ
with many transition-metal oxides.

We therefore adopt an extended Hubbard Hamilton
with intra-atomic repulsions on the Si atoms~which give rise
to the initial semiconducting gap26! and interatomic Si-K
Coulomb interactions~essentially due to the expected lar
charge transfers from K to Si!. The Si~100! dangling-bond
(p* ) band and the K 4s band are described by includin
hopping up to next-nearest neighbors, so that both intrac
and interchain interactions are taken into account, thus
suring the~expected! 2D character of this system. The S
band requires an additional hopping within each dimer.
nally, Si-K hopping is allowed only between nearest neig
bors. All these hopping parameters have been scaled to
appropriate distances (d) according to the 1/d2 Harrison
law27 ~reasonable fors and p orbitals!. Further, since the
Si-K hopping has been calculated by the geometric m
rule, we are left with just two basic hopping parameters~one
for Si and another one for K!. These can be adjusted direct
from standard bulk band-structure calculations28 so as to re-
produce some characteristic feature of Si and K, respectiv
The interatomic Si-K Coulomb integral is simply calculat
according to the Klopman interpolation formula.29 The Hub-
bard repulsionU on the Si atoms is adjusted to reproduce
experimental gap of the Si(100)-(231) surface, which is
known to be about 0.7 eV.30 This yieldsU'1 eV. Since all
the hopping parameters lie in the interval 0.1–0.3 eV,
system is placed in the weak to moderate coupling reg
~the width of thep* Si dangling-bond band comes out to b
'0.7 eV!.

This model Hamiltonian will now be treated by the unr
stricted Hartree-Fock approximation in its most general v
sion, which includes explicitly transverse~Sx and Sy! spin
components in addition to the usual linearization in terms
SZ50.5 (n↑-n↓) ~longitudinal spin component! and charge
n5n↑1n↓ ~or, what amounts to the same,n↑ and n↓! of
the more conventional Hartree-Fock approximation. The
plicit consideration of transverse spin components allo
one to deal with both the strong coupling limit~large U!
where charge fluctuations are absent (SZ50) and spin fluc-
tuations dominate (Sx ,SyÞ0) and the weak-coupling limit
where charge fluctuations dominate~Sx5Sy50 andSZÞ0!.
Although the reliability of this approximation has never be
really proved, it was used with considerable success in
analysis of possible metal-insulator transitions already in
sixties.31
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III. RESULTS

Several criteria to check the metallicity of an interface c
be applied with the photoemission technique. The first c
sists of detecting the presence of a cutoff in the electro
density at the Fermi energy position. The second is relate
the existence of a Fermi surface. The Fermi surface see
photoemission consists of constant energy contours, wh
appear as a consequence of the electron bands crossin
Fermi energy at specific points of the reciprocal space. T
pattern repeats itself over the different SBZ obtained
shifting the first SBZ through a reciprocal lattice vector
the surface. Therefore the presence of a Fermi surface pr
both metallicity and long range order at the interface. Fig
2 shows several valence-band photoemission spectra
corded at normal emission~left hand! together with their
respective Fermi surface map~right hand! throughout severa
SBZ for the clean surface and two different K coverages.
the top left of the figure a spectrum can be seen from
clean SD Si~100! 231 surface prior to the K deposition
This spectrum shows electronic states at20.8 eV binding
energy, which can be assigned to an occupied surface
associated to the Si dangling bonds.32 In addition, a little

FIG. 2. Valence-band photoemission spectra at normal emis
~left! and its corresponding Fermi surface maps~right! for ~a!
single-domain clean Si(100)-(231) surface,~b! 0.35 ML of K
coverage on Si~100!, and~c! 0.7 ML of K coverage on Si~100!. The
photon energy was 21.2 eV.
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9204 57J. A. MARTÍN-GAGO et al.
peak is observed just at the Fermi energy. The presenc
this peak is usually attributed to the existence of localiz
defect states at the Si surface.33 Coherently with the localized
nature of those states, the corresponding Fermi surface
does not show any appreciable dispersion throughout
whole reciprocal space. Upon K deposition for an appro
mate coverage of around 0.35 ML, a K interface is formed as
can be inferred by the absence of emission at the Fermi
ergy ~see Fig. 2, middle-left spectra!. The peak associate
with surface defects has disappeared. The main electr
state appears now at21.3 eV instead of20.8 eV. This is a
clear indication of strong interaction between the Si dangl
bonds and the arriving K atoms as has been alre
suggested.5,32 The corresponding Fermi surface map is p
sented at the right side of the spectra. The Fermi surface
also indicates the absence of electronic states in other reg
of the reciprocal space, supporting a semiconducting cha
ter of the interface for this coverage. However, for K cov
ages around 0.7 ML, i.e., close to saturation coverage,
situation has completely changed. A well-structured pea
present at the Fermi level giving a clear proof of the meta
character of the interface. The corresponding Fermi surf
map presents some regions where the photoemission in
sity of the K-derived states at the Fermi edge is enhance

Figure 3~a! represents the experimentally determin
Fermi surface for saturation coverage. The SBZ of the
Si~100! 231 reconstruction has been drawn superimpos
It can be appreciated in this figure that the repetition of
feature at the zone center~surfaceḠ point! corresponds of
the 231 reconstruction. Also, little peaks can be apprecia

at the J̄ points of the SBZ@see Fig. 1~b!#. These features
correspond to the minority second domain and the inten
ratio of the major and minor domains is in agreement w
the LEED spot intensities. Thus, it can be concluded that
Fermi surface of this interface is dominated by bands cro
ing the Fermi edge in a region of the reciprocal space cl
to the surfaceḠ points. The well-defined Fermi surface r
peated through the whole reciprocal lattice makes the t
dimensional character of the metallic band evident, rat
than the one-dimensional metallicity predicted by the OAD
model.16 Figure 3~b! represents our calculated Fermi surfa
for this interface, following the method described in Sec.
As can be seen, the agreement is fairly good.

In order to understand what kind of electronic features
responsible for the enhancement of intensity around thḠ
points, valence-band spectra for different emission ang
have been measured previously.7 Their corresponding disper
sions as a function of theki vector along theJ-G-J direction
~perpendicular to the Si dimers rows! of the second SBZ@see
Fig. 1~b!# is shown in Fig. 4. Also in this figure, our calcu
lated bands have been drawn on the same graph. Two
induced bands dispersing downwards from theḠ point very
close to the Fermi edge are clearly seen. These electr
states will be labeled hereafterF1 andF2. At normal emis-
sion, their corresponding peaks are centered at 0.3 and
eV from the Fermi energy, respectively. The presence
these states very close to the Fermi energy is responsibl
the enhancement of intensity appreciated in the Fermi S
face maps around theḠ points.

Due to the natural width of the valence-band states,20,21 to
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the experimental energy resolution and to the Fermi e
cutoff, the binding energy of the electronic states close to
Fermi energy cannot be precisely assigned and, there
any photoemission peak appearing with binding ene
smaller than 0.1 eV will contribute to the measured intens
of the Fermi surface maps.21 Therefore, it may happen tha
theF1 state approaches the Fermi energy without crossin
rendering the surface, in an accurate sense, semiconduc
Thus additional proofs for the metallicity should be give
Riffe et al. have shown10 by XPS that as the coverage in
creases, a change in the K 3p binding energy together with
an enlargement of the singularity index are detected. Sim
behavior is found in our case~core-level shift and enlarge
ment of the K 2p peak! clearly indicating a transition from a
semiconducting to a metallic surface. Thus, it can be c
cluded that the features seen in Fig. 3~a! correspond to the
Fermi surface created by hole pockets recorded over ele
different SBZ’s at saturation coverage of the K/Si~100! sys-
tem.

One of the reasons for the disagreement existing in
scientific literature about the metallicity of this interface c
be due to the rapid contamination of the K layer. In additi
to that, the photoemission cross section for KOx compounds

FIG. 3. ~Top! Experimental Fermi surface map of the K/Si~100!
system at saturation coverage. The surface Brillouin zones h
been drawn superimposed.~Bottom! Calculated Fermi surface
map with a Mott-Hubbard model.
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in the valence band is very high, causing significant chan
in the photoemission spectra. It is important to remark t
the emission from the states that cross the Fermi ene
around the surfaceḠ point is very sensitive to the residua
pressure in the experimental chamber. This point is ill
trated in Fig. 5. This figure shows UPS spectra of a
saturated surface (a), the same spectra 4 h later (b), and
again after 10 h (c). Several peaks at the positions mark
by arrows~around 6 and 9 eV binding energy! develop with
time. These peaks have been found in previous studie
controlled oxidation of the K/Si~100! interface,34,35 and they
are a fingerprint of the presence of oxygen atoms. The t

FIG. 4. Surface band dispersion near the Fermi level at sat
tion coverage along theJ-G-J direction @see Fig. 1~b!#. Points
above the straight line atE520.1 eV can be considered as belon
ing to the Fermi surface. The continuous line is the calculated b
~see text for details!.

FIG. 5. Curve (a) photoemission spectra of the saturated
Si~100! surface recorded right after K deposition. (b) Same spectra
recorded after 4 h. (c) After 10 h.
es
t

gy
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amount of oxidation in the case of the spectrum (c) has been
estimated by measuring XPS intensities to be around 1
The effect of the oxidation on the Fermi threshold is sho
in the inset of Fig. 5, which corresponds to a zooming of
Fermi energy window. After 4 h working with the sample
within the low 10211 mbar range, the emission at the Ferm
edge was strongly reduced and after 10 h it was nonexist
It is important to remark that the base pressure during
experiments reported here was in the low 10211 mbar. If the
same experiment is performed at 10210 mbar, a Fermi edge
will not be detected on the surface and it is then easily c
cluded that the surface is semiconducting.

IV. DISCUSSION

The combination of theoretical and experimental resu
presented in this paper provide a consistent picture of
electronic structure of the K/Si(100)-(231) interface. As
can be seen in Fig. 3, the Fermi surface of this interfa
consists of small hole pockets centered around theḠ points.
In most of the recent published work it is concluded that
surface is metallic. Nevertheless, in the present work, theF2
band of Fig. 4 shows a downward dispersion instead of
recently reported upward dispersion.11,36 The presence of an
electron pocket aroundḠ would suggest a quasi-free-electro
metallic band and, consequently, a metallization start
within the K overlayer. However, a hole pocket is expe
mentally found and, therefore, the bands forming the h
pockets must have their origin in the Si substrate. Both
terpretations could match with a combined photoemiss
and inverse photoemission study8 where, in addition to the
occupied states, an unoccupied band (U2) is seen at around
0.35 eV aboveEF at the Ḡ point. This band (U2) has a
paraboliclike dispersion showing a quasi-free-electron-l
behavior, as could be derived from K-4pz electrons. In that
work two peaks are seen at each side of the Fermi le
~above and below simultaneously!. Due to the small energy
difference between them~around 0.5 eV! they are usually
interpreted as being the same state. However, another
sible interpretation of the same data could be that they a
ally correspond to different states~U2 andF2!, in agreement
with the calculation of Ref. 13. Thus, in Ref. 11 it is claime
that theF2 band is due to a partial occupation of a K-spz
band ~S3 of Ref. 13! based on the symmetry and upwa
dispersion of this state.8,11,13,32However, this argument can
be discarded on the basis of a simple electron counting
gument: If one electron per K atom is assumed, there wo
be two electrons per Si dimer, and then not enough electr
would be available to fill theS1 andS2 bands~see Ref. 13!.
Therefore, we rather believe that the unoccupied band
Ref. 8 is remaining aboveEF at theḠ point.

The good agreement between theory and experimen
seen in Figs. 3 and 4 suggests that the scenario of our
perimental interpretation and calculation should be accur
It was carried out assuming a full monolayer of K atoms a
admitting a small fraction of its electrons to go into trappi
centers, so that the Sip* antibonding band does not ge
completely filled. This assumption is equivalent to suppos
that the saturation coverage does not correspond to 1 ML
it did, we would inevitably have a semiconducting interfac

a-

d

/



-

r
a

er
of
in
ty
K
o
c

en
a

th
ee

is
ta
o
fe
le

bu
ic

dis
K
in

hi
n

t t
d
S

.5
t

b
e
ov
a

-

ev
te

es

mi-
he
en-

of
ce
all

be-
di-
2D
ce

be-
lli-
tion
ce,
ans
les
azi-
that
of
-
ion,
2,

fill
al

of
are

-
on
then
e, a

ms
t

to-
by

tion
und
are
tt-

e but
nd

cy
2-
ro-
is-
, F.
rted
ue.

es
ta
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Thus, thep* band, initially empty for the Si surface, re
ceives almost two electrons per dimer with its maximum~at
the Ḡ point! left empty~hole pocket!. On the other hand, ou
experimental bands are in close agreement with the b
structure near the Fermi level found by Kobayasiet al.13

The existence of a Fermi surface repeated with the p
odicity of the surface over 11 different SBZ consisting
hole pockets for saturation coverage excludes K cluster
Several authors have explained the existence of a densi
states at the Fermi energy37 as related to an excess of
atoms, forming clumps on the surface, which would lead t
metallic Fermi threshold without long-range order. Existen
of ordered K clusters can also be ruled out due to the abs
of anisotropy in the photoelectron diffraction azimuth
scans for polar angles lower than 72°~data not shown!.
Therefore, Fig. 3~a! suggests a two dimensional model wi
K atoms adsorbed in hollow and valley sites as has b
suggested by XPD experiments.2

In Fig. 2 it is shown that the rise of the Fermi surface
directly related to a critical coverage. A possible interpre
tion for such an electronic transition can be found in terms
charge localization. Indeed although the K atoms trans
charge to the Si dangling-bond states, the transferred e
trons are not initially free to move around the surface,
instead remain localized around the K sites. Figure 6 wh
shows schematically the spatial region with total charge
tribution larger than unity on the Si atoms surrounding a1

ion is ~more details about this calculation can be found
Ref. 38!. From a critical coverage onwards, therefore, t
electron clouds will collapse, the spatially localized electro
being then transferred to the bands. Notice, however, tha
K1 ions must feel a strong coulomb repulsion, which ten
to work against their excessive accumulation on top of the
surface. Since the K-K distance in a bcc bulk crystal is 4
Å, considerably larger than the corresponding distance on
Si~100! surface, 3.84 Å~Fig. 1!, the K atoms will repel
strongly near saturation coverage. This repulsion could
the driving force limiting the K coverage on the surfac
Thus, differences in both the critical and the saturation c
erage are to be expected when other alkali metals are
sorbed on Si~100! surfaces. Recently the metallicity of Li
covered Si surfaces has been reported at 0.25 ML.39

From the above explanation, one is tempted to beli
that adsorption takes place first at hollow sites, as predic
by the ODAC model,16 and then, when most of these sit

FIG. 6. Schematic representation of the metallization proc
The shadowed area represents the spatial region where the to
charge distribution around a K atom is larger than unity.
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are completed, at valley positions. This would lead to a se
conducting interface at full saturation coverage, i.e., if t
second layer were fully completed. However, our experim
tal and theoretical results indicate that once the transition
the interface from semiconducting to metallic takes pla
with increasing coverage, the interface remains metallic
the way up to saturation. No reentrant semiconducting
havior is ever found in this coverage range, probably in
cating that the second layer is not fully occupied. The
symmetry of the interface right after metallization noti
above does not support previous models suggesting 1D
havior. This is the case of the ODAC model where meta
zation at low coverages is induced by a unique adsorp
site along the Si dimer chains. To gather further eviden
we have performed photoelectron diffraction azimuthal sc
for low and high-K coverages, a technique that samp
short-range order at the surface. The same features in
muthal scans were obtained in the two cases, indicating
both sites were occupied indistinctly from the beginning
the growth~data not shown!. Therefore the semiconducting
metallic transition does not seem to be a structural transit
but must be rather electronic in nature. As shown in Fig.
the metallization is induced by K electrons which start to
the p* band of Si. This transition takes place at a critic
coverage.

The disappearance of the Fermi edge upon oxidation
the surface shown in Fig. 5 suggests that electrons
trapped by approaching O atoms~or other electronegative
species from the residual gas!, thus preventing charge trans
fer to the Si dangling bonds. Therefore, the Si electr
clouds discussed above will be spatially separated and
the metallization process disrupted. As a consequenc
transition in opposite sense to that described in Fig. 2~i.e.,
from a metallic to a semiconducting interface! will be ob-
served by the photoemission technique.

V. CONCLUSIONS

In summary, we have studied the adsorption of K ato
on the SD Si(100)-(231) surface. Our results show tha
there is a critical coverage for which a semiconductor-
metal transition takes place, as experimentally evidenced
the existence of a bidimensional Fermi surface for satura
coverage. This FS consist of hole pockets centered aro
theḠ points of the SBZ. These experimental observations
confirmed by a mean-field calculation based on a Mo
Hubard model where the K atoms~partially ionized! transfer
electron charge to the antibondingp* orbital. This transition
does not seem related to structural changes at the surfac
rather to the overlap of Si-confined electron clouds arou
the K atoms.
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