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We have studied the development of the surface electronic structure of a rubidium-adsqil&P il
surface for increasing Rb coverages, with angle-resolved direct and inverse photoe(is®nAt very low
coverages, up to 0.2 ML, thestelectrons of the Rb atoms fill the minimum of the normally empty substrate-
derived surface band. For higher Rb coverages, the surface electronic structure changes significantly. In the
IPES spectra, a new, rubidium-induced peak appears at coverages above 0.3 ML. With increasing Rb cover-
ages, it moves downwards in energy, until it reaches the Fermi level at the 1-ML saturation coverage, causing
a metallization of the surface. The dispersion of the empty overlayer state was measured along the main
crystallographic directions. A single-domain surface was obtained using vicinal samples, which showkd a 2
periodicity at the Rb saturation coverage. Large upward paraboliclike dispersions from the minifiuverat
observed in both th&-J andI’-J’ directions, showing the metallic character of the overlayer and the strong
Rb-Rb interaction in both directions. These results provide further evidence for the double-layer model for
alkali-metal adsorption on @i002X1, as well as a mainly covalent bonding picture. Our data are compared
to previous studies of Li, Na, and K adsorption on th€l80)2x1 surface. It is shown that although the
electronic structures of the different adsorption systems are similar, systematic differences appear that can be
attributed to the sizes of the alkali-metal atoms. In particular, a larger alkali-metal atom leads to a stronger
alkali-alkali interaction and a weaker alkali-metal—Si interact{@0163-182608)05131-5

[. INTRODUCTION veloped around the so-called double-layer model for alkali-
metal adsorption on &i00), originally proposed for the
Adsorption of alkali metals on silicon surfaces has beerK/Si(100 system’ In this model, which is illustrated in Fig.
studied extensively in recent yedrsThis interest has been 1, the room-temperature alkali-metal saturation coverage is
motivated by both possible technological applications and byabout one ML, and the alkali-metal atoms sit in two different
fundamental physics reasons. In the latter case, alkaliadsorption sites: the pedestal site and the valley-bridge site
metal—Si systems are regarded as model systems for metdl0 the trough between the dimer rows, straight between two
lization of semiconductor surfaces. Reasons for this are thBedestal sités A large body of experimental evidence has
simple electronic structure of the alkali metals, and the facP€en obtained, which wholly or partially supports this model,
that the alkali metalgexcept for Lj do not intermix with the ~ €:9- With x-ray  photoelectron dlffracudnangl_e-r_esolllvlezd
Si substrates, in contrast to almost all other metals. Much gpfotoemission® (ARUPS, A photoemissich™
the recent interest and debate concerns tfg08i2x 1 sur- IPES, core-level spectroscop§/;* and ion scattering?
face, where the discussion has been focused on such matters
as the nature of the alkali-metal-Si bond, the amount of
charge transfer from the alkali metals to the substrate, the
metallization, the adsorption positions, and the saturation
coverage at room temperatuieT).
In early studies of alkali-metal adsorption o1%102x 1,
Levine's model for Cs adsorptidiwas assumed to be valid
for all the alkali-metal-saturated surfaces at RT. In that
model, the alkali-metal atoms are placed in the so-called
pedestal sites, i.e., in the middle between two neighboring
dimers in the same row, which gives a coverage of 0.5011\£{|L of Side view
alkali-metal atoms.(1 ML is defined as 6.781 v {
atoms per cf i.e., the same density as for a single Si
atomic surface layer Originally, both theoreticdl and
experimental studies of the K/Si(100)21 surface sup-
ported this model. The room-temperature saturation coverage
and the adsorption sites were then hotly debated issues for F|G. 1. Schematic illustration of the double-layer model origi-
several years, partly because of the experimental difficultiegally proposed for the $1002x1-K surface in Ref. 7. The alkali-
in determining the alkali-metal coverages. However, in re-metal atomglarge shaded circlésire located both between and on
cent years broad agreememiith few exceptiond has de- top of the dimer rows right above the third Si layer.
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Similarly, recent theoretical total-energy calculations alscsubstrategp=0.02—0.03(2 cm, boron, from Virginia Semi-
support this model®*’ conductoy were also used, giving a two-domairxa recon-

The nature of the alkali-metal-Si bond and the surfacestruction. Before insertion into UHV, the samples were
metallization are two other widely debated topics, in particuleaned with the Shiraki etching methdThenin vacuq
lar after the early proposal by Ciraci and Béttathat the the samples were outgassed at about 600 °C and cleaned by
alkali-metal—Si bond is strongly ionic at saturation cover-resistive heating at 900 °C for several minutes. Subse-
ages, and consequently that metallization occurs by simplguently, good single-domain low-energy electron-diffraction
charge transfer from the alkali metal to the substrate surfacd EED) patterns for the vicinal samples, and good two-
states. More recent theoretical studfé€ have come to a domain 2<1 LEED patterns for the on-axis cut samples,
different conclusion, describing the bond as a hybridizationvere observed. The surface cleanliness was checked by
of Si dangling bonds and alkali-metabk-np orbitals, which  studying the emission intensity of the contamination-
is then called a polarized covalent bond. Many experimentasensitive dangling-bond surface state in ARUPS.
studies have confirmed the covalent-bond picture, in particu- Rubidium was evaporated from a well-outgassed getter
lar  photoemissiocth®%131° and inverse-photoemission source(SAES Gettersonto the samples at RT. The amount
studies'*!12 ARUPS studies have shown a transformationof evaporated Rb was indirectly controlled by measuring the
of the dangling-bond band into at least two new bands athange in work functiofA¢) as a function of evaporation
alkali-metal saturation coverages, whereas the IPES resultdne?® This was done by monitoring the absorption onset of
have shown the emergence of new dispersing overlayethe electron current from the IPES electron gun on the nega-
derived bands. tively biased samplédiode methoyl The degree of oxida-

The onset of metallization of the RT-saturatedtion due to rest-gas oxygen was monitored with ARUPS. The
K/Si(100)2x 1 surface was demonstrated experimentally indata presented here were recorded on freshly Rb-covered
our earlier combined IPES/ARUPS stutfywhere it was  surfaces without any significant oxidation. The samples were
shown that metallization occurs through occupation of thecleaned, and new evaporations were made several times,
minimum of a strongly dispersing empty overlayer-derivedwith excellent reproducibility of the data.
band at saturation. The combination of IPES and ARUPS in
the same spectrometer provides a particularly powerful tool
for such studies. Later photoemissidfand scanning tun- B
neling microscop$ studies confirmed these results. Our  The changes in the surface state§ an the surface Bril-
later IPES/ARUPS investigations of N&ef. 11 and Li  |ouin zone with increasing Rb coverage are illustrated in Fig.
(Ref. 12 adsorption on Si(100)21 have shown general 2 where IPES and ARUPS spectra recorded at normal inci-
similarities to the K/Si(100)X 1 results, but also significant dence and normal emission, respectively, are shown. The
differences in the electronic structure, in particular the lackjata were measured on an on-axis ci1®) wafer, with the
of metallization in the Li and Na cases. clean surface showing a good two-domair 2 LEED pat-

In the present work we continue our alkali-metal adSOl'p-tern_ The Rb coverage was monitored by measuring the
tion studies with the investigation of rubidium adsorption onchange in work functioriA¢). The A¢ curve as function of
Si(100)2<1. It is shown that saturation coverage of Rb evaporation time is shown in Fig. 3, going down to a shallow
leads to a metallization, similar to K/800), caused by a minimum atA¢=—3.5eV and saturating at3.4 eV. By
Rb-induced dispersing empty band, that reaches down to th@is coverage a good»21 LEED pattern was observed. Our
Fermi level. The combined data from our studies of Li, Na,curve is very similar to the one in the earlier photoemission
K, and Rb adsorption on Si(100)2L allows us to identify  study in Ref. 26 of Rb/$100. We expect the saturation
systematic changes in the electronic structure of the alkalicoverage to be about 1 ML, similar to K, which is the next
metal-saturated surfacéat RT) that can be qualitatively re- smaller alkali metal, and Cs, which is the next larger alkali
lated to the size of the alkali-metal adsorbate atoms. metal (see, e.g., Ref. 15As shown below, the similarity to
K/Si(100) in the electronic structure gives further strong evi-
dence for this conclusion. With this assumption, the cover-
ages for the different spectra in Fig. 2 may be extracted from

The experiments reported here were performed in a twoFig. 3 with an uncertainty of about0.1 ML.
chamber ultrahigh-vacuum system described elsewfere. In the spectra from the clean surface in Figit#e bottom
The base pressures in the chambers were in thé*bar  spectra,A¢=0), contributions from the well-known filled
range. The IPES experiments were carried out in the isochS;) and empty’ (U;) dangling-bond states are visible at
romat mode, detecting 9.5-eV photons with an overall enenergies—0.5 and 0.4 eV, respectively. The structures above
ergy resolution of 0.35 eV and a wave-vector resolution of3 eV and below—-2 eV are attributed to Si conduction-band
0.08 A"!. The ARUPS experiments were performed with and valence-band emission, respectively. At low Rb cover-
unpolarized He light (hv=21.2 eV), and an overall energy ages, a peak, denotédl , appears at the Fermi level in the
resolution of 0.1 eV. The Fermi-level position of a tantalum ARUPS spectra, reaching a maximum fbep=—1.20 eV.
foil was taken as the energy referenég,=0. The samples In addition, the whole valence-band spectrum shifts abruptly
were highlyn-doped S{100) single crystal§p=4—-8 nl cm,  downwards in energy by 0.3 eV, indicating a band-bending
arsenic, from Wacker-Chemitronjocut 4° off the[100] di-  shift. Similar peaks have been seen for low coverages of
rection, tilting toward011]. The use of such vicinal samples Li,?® Na® K,#*3and C$* on Si100). This Fermi peak cor-
is a well-known method for obtaining @00 surfaces with a responds to the partial occupation of the previously empty
single-domain X 1 reconstructio® On-axis cut,p-doped U, dangling-bond state, by charge transfer from the alkali-

Ill. RESULTS

Il. EXPERIMENT
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—0.6 and—1.4 eV, respectively.

———e s S — The band-bending shifts could not be further monitored in
| hv=212eV hv=9.5eV . =~ this experiment, due to the absence of sharp bulk features in
I U v...-*" ] the spectra in Fig. 2. However, the band-bending changes
L g [ 2 - . upon increasing Rb coverages on(180) were previously
| 2g -Ad= | & o sy X . .
| I1 . oo ] measured with core-level spectroscopy in Ref. 30. Similar to
I g N c. RECOR o .
s ™ PRy the present work} the authors of Ref. 30 found an initial
I "‘M"'kl S T D abrupt upward shift by 0.3 eV for the Fermi lev@ down-
— e | l\.._3-50,.....' l""'.,.-.~'.~.-’ . W,' ward shift for the Si  core level at low Rb coverages. For
% mmtns ] L339 -.-"W'T: ST increasing Rb coverages, the Fermi level shifted gradually
P, % — - ..-'--'-"L” - 1 downward in the band gap, and at room-temperature satura-
g i m\*&‘sm-f' o o] tion coverage its energy position was 0.16 eV above the
e o275 oy ST valence-band maximurVBM).
> P P L N S N
[l R g 1 S In the IPES spectra, a new surface-related structure, de-
2 PN 244 | ST noted U,, appears at an energy of 1.5 eV at a coverage
H e 6% | S corresponding taA = —1.98 eV, i.e., about one-third of the
- TN 212 ™ e . ; ) X .
z _w/j o T Rl tardet saturation coverage. With further increasing coverage its en-
- TN 198 Lt . Raate’ ergy position is shifted downwards, until it reaches the Fermi
i Q,a..ve""-.’s. 159 fomm™ o o s level at saturation coverage. Due to the limited energy reso-
] ~ f‘-":':UH -~ - lution the apparent peak position is about 0.25 eV alifive
i TN Th120 e - o ] Simple simulations of a Lorentzian peak close to the Fermi
Remiar ot S U 075 *....-«.-' 7 edge convoluted with the experimental resolution indicate
- 1' = ] 1 that the precise peak position within 0.0-0.25 eV abBye
L, P i ol cannot be determined with higher accuracy. However, the
i ~ ~ U, Nl o fact that a slight emission increase appears at the Fermi level
[T 1 00 e in the corresponding ARUPS spectra indicates a metalliza-
T E— M~ e tion of the surface. This is very similar to the IPES/ARUPS
6 4 2 0 0 1 2 3 45 results from the K/Si(100)2 1 surface® although the met-
ENERGY (eV, Eg=0) allization is not so clearly visible in this case as for K/

Si(100. For Cs adsorption on @00 at RT, the metalliza-
FIG. 2. ARUPS normal-emission and IPES normal-incidencetion at saturation coverage is also obvious in the ARUPS
spectra recorded on the(800)2Xx1-Rb surface for increasing Rb spectra of Ref. 14, with a clearly visible Fermi edge.
coverage. _The coverage was indirectly c_ontro_lled by measuring the |+ is also notable that the emission from the empty
work-function shift. The labels are explained in the text. dangling-bond stat&J; is still visible at relatively large Rb
coverages, up ta¢=—2.75eV. Similarly, the filled dan-
ling bondS; also has a significant intensity up to this cov-
rage.
Figure 4 shows a collection of IPES spectra recorded in
the [010] direction on a two-domain surface at the Rb satu-

so,rptlon on S100.” For further increasing coverages, the ration coverage. This direction corresponds to the diagonal
U; peak in the ARUPS spectra fades away, and at high cov=——, .. . = o L

. . o . I'-J’ direction in the surface Brillouin zong&BZ2), which is
erages the dangling-bond peak is split into two faint struc-

, , ) . . equivalent for the two domains; see Figab The strong
turesS; andS;, which at saturation appear at energies Ofdispersion of thdJ, state is clearly visible, going from 0.2

eV at#=0° to 1.2 eV atfd=+28°. Another striking effect

metal adsorbate’s outarlevel to the substrate. This simple
charge transfer effect suggests a mainly ionic bonding at thi
low coverage(up to 0.2 ML), a conclusion that is also sup-
ported by low-energy ion scattering studies of K and Cs ad

o ] in the spectra is the large difference in the emission intensity

of U, for large positive and negative incidence angles. This

[ u ] can be explained by considering the experimental geometry,
1F . as illustrated in Fig. &). For large negatived the recorded

photons have small emission angles, i.e., close to normal
] emission, and the polarization vector of the photons is
ol . i mainly parallel to the surface. Similarly, for large positife

I ] the recorded photons have large emission angles and the po-
larization is mixed parallel and perpendicular to the surface.
3t ] Therefore the higher intensity &f, for positive ¢ indicates a

- " 1 strongp, character for the state, as explained by calculations
= " ] of photoionization cross sections for atomic orbit¥l§he
same result was found for the empty state of the
K/Si(100)2x 1 surface’® and was supported by theoretical
calculations® which described an empty band correspond-

FIG. 3. Measured shifts in the work functiod¢, for the  ing to theU, band as having mixed Ks44p, character.
Si(100)2x 1 surface as a function of Rb evaporation time. IPES spectra were also recorded in {8d1] and[011]
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ENERGY (eV, Eg= 0) umklapp-scattered branch in tHéJ direction suggests a

weak interaction with the 2 1-reconstructed substrate.
FIG. 4. Inverse-photoemission spectra recorded on the saturated

two-domain S@lOO)2><1-Rb -surfgce for different ir]cidgnce angles IV. DISCUSSION
0, along the diagondl010] direction, i.e., thd™-J' direction of the
SBZ. The 2x1 SBZ is shown in Fig. &). We first note that the results presented above for the Rb-

saturated Si(100)2 1 surface strongly resemble our previ-
L e Y ous IPES/ARUPS results from the K-saturated Si(100)2
directions, corresponding #-J' andI™J in the SBZ, on a x 1 surface'® as already discussed above. In particular, the

single-domain X 1-reconstructed surface at a saturation ’ o
33 ; . appearance and behavior of the empty bepds quite simi-
coverage of Ri{data not shown™ The dispersion of théJ, S . .
lar, and we therefore make a similar interpretation of this

band obtained from these data is plotted in Fig. 6. Remark-tate: ie.U, is a Rb-overlayer-derived state with a strong

ably large dispersions, up to 1.4 eV, are observed in bot b 5p, character. Its large isotropic dispersion reveals the

directions, with a paraboliclike shape. This is evidence for astron Rb-Rb interaction within the metallic overlaver in
similarly strong interaction between the alkali-metal atoms in 9 e Y

S > : i oth the[011] and [011] directions, thereby excluding Le-
both directions, thus supporting the double-layer model foeine’s 0.5-ML modet at the rubidium RT saturation cover-

Rb/Si(100)2< 1. The paraboliclike shape is also consistent
with a Rb 5 or Rb 5p, characte?* The absence of any age. We_ als_o note that aIFhough be state appears to cause _
a metallization at saturation coverage, the surface electronic
structure at 1-ML Rb coverage is expected to be semicon-
a) [O11] ducting (by counting the valence electrons in th& 2 unit
cell), with a surface band gap of about 0.6 eV, as measured
3 T in this work. The occupation of the minimum &f, is then

/ explained by small amounts of excess charge on the surface,
Z as well as by the deep energy position of the band minimum
in the bulk band gap*0.2 eV above the VBM.

Very few theoretical and experimental studies of Rb ad-
kel -- sorption on Si100) have been published, in surprising con-
trast to K and Cs adsorption. However, our ARUPS results
presented here agree well with the recent ARUPS study of
b) Rb/Si(100)2<1 in Ref. 26. At the Rb saturation coverage,

Electron GUK B+ these authors found, in normal emission, two weak structures

Sample at —0.6 and_—1.5 eV. For increasing emission angles these
-/ 3000\ structures dispersed toward each other, and when they en-
-7 T 0- tered the projected bulk band gap, their intensities became
e quite strong. The measured dispersions were found to be in
qualitative agreement with the surface-state dispersions of K-
and Cs-saturated @i00) surfaces.
FIG. 5. (a) The surface Brillouin zonetSB2) for a two-domain Our results fit very nicely into the overall picture that has
2x 1-reconstructed 100 surface(b) The measurement geometry e€merged for RT saturation coverage of alkali metals on
for the IPES experiment. Si(100)2x 1, i.e., about a full monolayer coverage, arranged

Detector
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Si{(100)2x1 with Alkali Metal Overlayers TABLE I. Metallic atomic radii for the alkali atoms and mea-
T T T T T T T T sured surface electronic-structure parameters for saturation cover-
ARUPS, 6 =0° IPES, 6,=0° ages of Li, Na, K, and Rb on Si(100)21. The data for Rb are
€ g from this work and the data for Li, Na, and K are from Refs. 12, 11,
i '2 g g and 10, respectively. The absollig minimum positions are based
N e, 11 U, on measuredEg positions from Refs. 14 and 35. The uncertainties
i > | | in determining the energy positions are given by the energy resolu-
. . . tion of the experimental techniques and the resulting cutoff effects
_ Rb by the Fermi level. The resulting errors for the surface band-gap
N i values are estimated to he0.2 eV.

b L Alkali-  Metallic ~ Surface U, min. U, min. ref. U,
e | P metal atom radiusband gap ref.to  to VBM  bandwidth
o™ Lot Ko atom A (eV) Eg (eV) (eV) (ev)

T 152 3.0 2.0 23 0

...... S Na 1.86 2.1 0.7 1.25 0.3
K 2.27 1.0 0 0.3 1.4

™ . Rb 2.48 0.6 0 0.2 1.4

INTENSITY (arb. units)
b
A
I
H

5 4 3 2 1 0 0 1 2 3 4 5 the Fermi level for increasing alkali-metal-atom size. How-
ENERGY (eV, E; = 0) ever, the occupied states also move slightly toward the Fermi
level for increasing alkali-metal atom size. The energy posi-
FIG. 7. Comparison of ARUPS normal-emission and IPEStions are also influenced by band-bending shifts, as discussed
normal-incidence spectra recorded from alkali-metal-saturateddelow.
Si(100)2x 1 surfaces for Li, Na, K, and Rb adsorbates. The Li, Na, One interesting parameter is the absolute energy position
and K data are taken from Refs. 12, 11, and 10, respectively.  of the U, band minimum, as it refers to the bulk band struc-
ture, for the different alkali-metal adsorbates. This parameter
into a double layer above the still dimerizedX2-  can be obtained if the Fermi-level position at the surface is
reconstructed substrate, a relatively weak polarized covalemnown. The Er energy positions for the alkali-metal-
Si—alkali-metal bond, and a semiconducting surface bandaturated Si(100)2 1 surfaces have been determined with
structure (in the ideal 1-ML case; see discussion above core-level spectroscop¥to be 0.55, 0.29, 0.16, and 0.06 eV
However, within this overall picture there are significant dif- above the valence-band maximum for Na, K, Rb and Cs,
ferences between the different alkali-metal adsorbates, anéspectively. For Li, thé& ¢ position at 1-ML Li coverage is
exceptions, as discussed below. 0.30 eV above the VBM® Hence, the energy of the, band
The present results, together with our previous results fominimum changes monotonically with increasing alkali-
Li,** Na," and K'° adsorption on Si(100)21, provide a metal-atom size from 2.3 eV above the VBM for Li down to
database that allows us to investigate systematically the €6.2 eV above the VBM for Rb. Following this trend, one
fects of the size of the alkali-metal adsorbate atoms. Thexpects that for Cs thd, minimum lies even further down.
combination of ARUPS and IPES in one spectrometer mad€onsidering that th& position is only 0.06 eV above the
it possible to determine unambiguously important parametergBM, and that a clear Fermi edge is seen in ARUPS
of the surface electronic band structure. In pgrticular, th%pectr&"1 we Suggest that thUz minimum in the Cs case
maximum energy of the topmost occupied bandl @ind the  lies below the VBM, thus closing the bulk band gap com-
minimum energy of the unoccupied band could be deterpletely.
mined by recording an IPES spectrum and an ARUPS spec- The values of the band gaps aldg minimum positions,
trum directly after each other on the same surface preparas well as the covalent and ionic radii and tbg band-
tion. Thereby the surface band gap could t@mos)  widths, are shown in Table |. THe, bandwidths display the
unambiguously determined. This parameter provides inforopposite trend, as did the band gaps. For Li thedisper-
mation about the strength of the Si—alkali-metal bond. Asion is flat, and, for increasing alkali-metal atom size, the
strong bond leads to a smaller Si—alkali-metal bond lengttbandwidth increases up to about 1.4 eV for K and Rb. The
and a larger band gap, whereas a weak bond leads to theason for this change can be found by considering the ad-
opposite:® In addition, the bandwidth of the empty sorption positions on the Si(100)2L surface. In the double-
overlayer-derivedU, band gives qualitative information layer model(see Fig. 1, the nearest-neighbor distances for
about the strength of the alkali-alkali interaction in the over-the alkali-metal atoms are 3.84—4.0 A, giving an atomic ra-
layer. dius of about 1.9—-2.0 A. This can be compared to the atomic
Figure 7 illustrates the differences in surface-state energyadii for the alkali-metal atoms in the metallic phagee
positions afl’ for saturation coverage of the different alkali- Table ). One observes that the larger alkali metéds Rb)
metal adsorbates. One can clearly see how the surface bagsi considerably closer to each other on the Si(100)2sur-
gap monotonically changes from a quite large gap for Li,face compared to in K and Rb metals, respectively, leading
down to a quite small gap for Rb. This is mainly caused byto a strong alkali-alkali interaction and thereby a latgge
the movement of thé&J, band minimum downward toward dispersion. The atomic radius of Li, however, is considerably
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smaller than the Li-Li distance on the Si(10032 surface, arranged into the so-called double-layer model, a polarized
leading to small wave-function overlap, i.e., small Li-Li in- covalent Si—alkali-metal bond, and a semiconducting surface
teraction, and thus no dispersion far,. In general the band structurdideally) at 1-ML coverage.

wave-function overlap and thereby interaction should thus be Our results are compared to the results of our previous
larger for increasing alkali-metal-atom size. This is preciselyARUPS/IPES studies of Li, Na, and K adsorption on

what theU, bandwidth differences indicate. Si(100)2x 1. We find that important parameters of the sur-
face electronic structure change systematically with chang-
V. CONCLUSION ing alkali-metal-atom size. In particular, the surface band gap

decreases for increasing alkali-metal size, indicating a de-

We have studied rubidium adsorption on the Si(100)2creasing alkali-metal—Si interaction. On the other hand, the
X1 surface with angle-resolved inverse and direct photobandwidth of the overlayer-derived empty band increases for
emission, LEED, and work-function measurements. Theéncreasing alkali-metal size, showing an increased alkali-
changes in the surface electronic structure for increasing Rélkali interaction. This is explained by the fixed alkali-metal-
coverages follow the same general pattern as for other alkalatom nearest-neighbor distance of 3.84—-4.0 A due to the
metal adsorbates. The filled dangling-bond state is split int&i(100)2x 1 substrate reconstruction. Therefore the larger
two states, and a new, overlayer-derived empty state appeatgkali-metal atoms have a larger wave-function overlap, lead-
which moves downwards toward the Fermi level for increas-ing to a larger interaction and thus larger bandwidths.
ing Rb coverage. At saturation coverage a metallization is
observed, due to the occupation of the minimunk’ &f this
strongly dispersing state. These results fit well into the gen-
eral picture of alkali-metal adsorption on Si(100)2: We thank Gisela Pike and Friedrich Strer for their ex-
about 1-ML saturation coverage, with the adsorbate atomseellent technical support.
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