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and K/Si(111)-3X 1 surfaces

M. Gurnett, J. B. Gustafsson, L. J. Holleboom, K. O. Magnusson, S. M. Widstrand, and L. S. O. Johansson
Department of Physics, Karlstad University, SE-651 88 Karlstad, Sweden

M. K.-J. Johansson and S. M. Gray
Department of Synchrotron Radiation Research, Institute of Physics, Lund University, P.O. Box 118, SE-221 00 Lund, Sweden
(Received 18 January 2004; revised manuscript received 1 February 2005; published 19 May 2005

In this article we report Si |2 core-level spectroscopy results from the alk@li, Na, and K induced
Si(111)-3X 1 reconstructions. The experimental results are compared to the theoretical honeycomb-chain
channe(HCC) model for the 3< 1 reconstruction using density functional the@DFT) to calculate core-level
shifts using both initial and final-state calculation schemes.Sc@e-level spectra for the Li, Na, and K
reconstructions showed two surface related components lying on either side of the main gk geak. An
additional higher binding energy component was found for K. All core-level spectra showed strong similarities
leading to the conclusion that the surfaces do indeed share a common structure. With increasing alkali metal
size, the lower binding energy component was found to shift away from the main bulk peak. Our theoretical
calculations also show a similar trend. It is concluded that the lower binding energy surface component
originates from the alkali atom bonded Si atoms. The origin of the higher binding energy component was
determined based on trends in the peak height and final-state DFT calculations. It was found that this compo-
nent derives from several atoms in the first and second layers. Calculations which include final-state effects
were found to be in good agreement with the experimentally determined surface core-level shifts.
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I. INTRODUCTION also formed for Ag® Cal® Mg, and Ba(Refs. 11-13 on

The alkali metal induced reconstructions on Si surfaces(11D) as well as for the alkali induced GEL1)-3x1
have long been of interest due to their believed simple bondLeconstructior? _ . _ _ .
ing configuration, making them ideal as model systems. One One of the more interesting details of this model is the
of these reconstructions is th/Si(111)-3% 1 reconstruc- inclusion of a Si double bond located on the top layer. A
tion for M=Li, Na, K, and Cs. This reconstruction is also one-dimensional channel is formed in f0] direction, in
formed forM=Mg, Ba, Ca, and Ag. Over the years a numberhich one adatom per 81 unit cell (1/3 monolayer is
of structural models have been proposed for this reconstrugpcated in the first layer.
tion including both the extended Pandey-chéiPQ (Ref. The electronic structure of th&1/3x1 surfaces have
1) and the Seiwatz-chain modet,neither of which showed paen studied by angle-resolved photoemisgiRUPS for
good agreement with valence band photoemission measurgia cases of N& Mg, 6 K,27 and AgB9A previous core-level

ments. To date, the honeycomb chain-channel model Prog; g :
i . . i y of the Li/S{111)-3X 1 surface has been presented by
posed by Collazo-Davillo, Grozca, and Matked indepen Weitering, Shi, and Erwid and core-level measurements on

dently by Lottermoseet al® has shown greatest promise. .
This result was based on work done using a combination the Na/Si111)-3x1 lsgurface have beego Zplerformed previ-
ously by Okudaet al.® and Paggekt al<”<* We have re-

experimental surface x-ray diffractiocisRXD), low energy ) o
electron diffraction(LEED) and density functional theory C€Ntly studied the Ag/$111)-3x1/6X1 reconstructio
(DFT) calculations for the Li/SiL11)-3X 1 reconstruction DY means of angle-resolved photoelectron spectroscopy
and on comparisons between calculations and valence barfig which experimental band structures taken in Ih& and
spectra. Initially this model was denoted by Lottermoser [I'-M directions were found to show good agreement with
al. as the 560560 or 650650 depending on the Si atom regalculated band maps for the HCC model.

sponsible for bonding with the surface alkali metal adatom. In the following article we present our findings on high
It will, however, be referred to here as the honeycomb chainresolution surface core-level shifts of the alkdli, Na, and
channel (or HCQ model, as proposed by Erwin and K) induced Si111)-3X 1 reconstructions. Comparisons are
Weitering® First principles calculations for the Li/@i11)  then made with DFT calculations of the surface core-level
-3X 1 reconstruction performed by Erwin and Weitefing shifts performed using both initial and final-state schemes.
have shown this model to have the lowest energy of all mod-

els proposed thus far. Similar DFT calculations for the
. . . Il. EXPERIMENTAL DETAILS
Na/Si(111)-3 X1 reconstruction have been carried out by
Kang, Kang, and Jeong. Measurements were performed at the MAX-lab national

Of further interest is the belief that the sam& 3 recon-  synchrotron radiation laboratory in Lund, Sweden. All mea-
struction as that induced by the alkali metals ofil&l) is  surements, with the exception of Li{$1l1)-3 X 1, were per-
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formed at beamline 3% This beamline is equipped with a means of direct current heating. A good-quality cleax 77

large spherical grating monochromator, which allows forsurface was obtained after several minutes of annealing at
photon energies ranging between 15 and 200 eV. Ar00 °C. In the Li/S(111) experiment, the X 7 surface was
ARUPS10 angular resolved electron energy analyzer frompptained by several flash heatings to 1175 °C. During the
VG Microtech and low energy electron diffractidhEED)  experiment, surface temperatures were measured by means
optics are both incorporated in the end station. The basgf ap infrared pyrometer.

pressure in the analyzer chamber during the experiments was The alkali metals were deposited by means of well out-

10 - -
Ies,?/lthan X110 mbaqu/urlrlg tr31e Ii and Na exfperlmgnts. gassed alkali metal dispensers from SAES Getters S.p.A. at a
easurements on Li/8i11)-3x1 were performed at gisiance of a few centimetres from the sample. Before each

beamline 22. This beamline was equipped with a modified,, o jenosition, the quality of the:77 sample surface was
SX-700 monochromator yielding a highly monochromatic ., e ysing both LEED and photoemission spectra
photon beam in the U\ultravioley and soft x-ray range. '

The end station of this beamline was built up around a large
hemispherical Scienta electron analyzer. The base pressure IIl. COMPUTATIONAL DETAILS
was less than % 1071° mbar.

Energy resolutions were of the order of 85 meV for a Density functional theoryDFT) calculations were per-
photon energy of 130 eV for the measurements performed oformed using the full-potential linear augmented plane wave
the Li/Si(111)-3X 1 at beamline 22. A total energy resolu- with local orbitals methodFP-LAPW+lg as implemented
tion of around 100 meV at a photon energy of 130 eV wasn wieN2k?’ using the general gradient approximati@GA)

used at beamline 33. exchange-correlation potential of Perdew, Burke, and
The sample used for all measurements with the exceptiogrnzerhof®
of Li was an n-type (phosphorous doped p This method solves the Kohn-Sham equations by separat-

=0.01-0.022 cm  Shiraki etchetf vicinal Si11) 5  ingregions in space into non-overlapping atomic spheres and
X 15 mm wafer with a thickness of 3G0m. The misorien-  interstitial regions. The size of the atomic spheres is specified
tation of the crystal was 2+0.5 in tH&12] crystallographic by the muffin tin radiusR,,.. Inside the atomic sphere a basis
direction. The reason for the use of a vicinal sample was aset comprised of a linear combination of radial functions
attempt to obtain a single domain reconstruction in order tanultiplied by spherical harmonics is used. In the interstitial
simplify analysis of valence band maps. This was, howeveregion a plane wave basis is used.
not achieved in this case. Single domaitx B reconstruc- The three systems were modeled using a periodic slab
tions have previously been studied for Mg by &nal,'® Ca  geometry consisting of 12 Si layers separated by a 18 A
by Petrovykhet al.?* Galluset al,?® and Kimet al,?® Baby  vacuum gap. The slab itself was mirrored in the plane
Okudaet al! and Schéfeet al,'® and in our previous study halfway along thé111] direction(spacegroup Bm). A single
of the Ag/S{111)-3x1/6X 1 reconstructiod. The sample adatom was placed on either side of the slab, thus allowing
used in the case of the Li measurements was a mediufior the formation of the reconstruction on both sides of the
n-doped Shiraki etched @i11) wafer. slab. All atoms with the exception of the two single layers
The samples were outgassed in the ultrahigh vacuurthat lie on either side of the mirror plane were allowed to
(UHV) chambers for several hours at about 600 °C byrelax through total energy minimization until the individual

FIG. 1. Honeycomb chain-channel model for the alkali metal induc€tl$i-3 X 1 reconstructiongRef. 30. The adatomsindicated by

darker sphergsare located in a 1D channel which travels along[t?mo] direction. The formation of a double bond between Si atbraad
c is also included in the model. The choice of notation is the same as for Ref. 10.
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TABLE |. Assorted distancegn A) for the Li/Si(111)-3x 1, Na/S{111)-3%x 1, and K/S{111)-3 X 1 reconstructions. Also included are
the 1X 1 Si bulk unit cell parameters and that of th&x 3 slab.

Si(111)-1x 1 (hexagonal

a b c a B y
3.86 3.86 9.49 90° 90° 120°

M/Si(111)-3x 1 slab(space group [Bm)

a b A a B y Vg
10.21 3.86 52.86 90° 90° 100.89° 18
M d1 d2 dab dbc dcd dbe dce daf ddg
Li 2.77 2.93 2.38 2.33 2.38 2.59 2.60 2.44 2.42
Na 2.90 2.96 2.36 2.30 2.36 2.58 2.58 2.44 2.42
NaP 2.95 3.05 2.38 231 2.38 2.59 2.59 2.45 2.44
K 3.19 3.22 2.35 2.28 2.35 2.58 2.57 2.43 2.42

&This value includes the vacuum gay,.
bNa values are the distances found in Ref. 14.

force components on any given atom was no greater thaseparate the ionized atoms, which was found to be important
1 mRyd/A. The resulting geometry of the surfaces for thefor an accurate determination of the bulk reference energy.
Li, Na, and K induced $i11)-3x 1 reconstructions can be

seen in Fig. 1. A muffin tin radius of 2 a.u. was used for the

Si, Li, Na, and K atoms. An energy cut-off of -6 Rydberg IV. EXPERIMENTAL RESULTS AND ANALYSIS

was used to separate core and valence states. A plane wave . . . . .
cut-off of 85 eV (R K,=5) was used with 1X points in The following subsections contain the resultlng experi-
the irreducible Brillouin zone. Local orbitals were added toment_al core-level  data _and fits o_btamed for the
improve calculations. Volume optimization of a hexagonal™/Si(111)-3x 1 reconstructions forM=Li, Na, and K.
Si(111) unit cell resulted in an SiSi bulk bond length of SPectra were taken at various photon energdies,so as to
2.365 A. This compares fairly well with the experimental obtain both bulk and surface sensitive core-level spectra. The
values of 2.33 A and that calculated by Kang, Kang, andnore surface sensitive measurements are found to occur at
Jeond (2.38 A). Various distances for the three reconstruc-

tions together with a comparison to previously reported dis- TABLE Il. Parameters used to fit the experimental $icbre-
tances, as calculated by Kang, Kang, and Jédog the level data for the Li, Na, and K induced($L1)-3 1 reconstruc-
Na/Si111)-3X 1 reconstruction, can be found in Table I. tions. The Lorentzian FWHM, was set to 85 meV for all fits. The
These lengths are found to be in good agreement, especialépin-orbit split was approximately 0.607 eV for all fits performed.
when one takes into account the differences in the bulk bon@ranching ratios were allowed to vary between 0.45 and 0.55. The

lengths between the calculations. binding energies are relative to the bulk component in each case.
Surface core-level shiftéSCLS were calculated using

two different schemes. Initial state core-level shifts are found Binding energy shift Gaussian FWHM

by determining the difference in the Kohn-Sham energy ei- (eV) (meV)

genvalues between the surface and bulk atoms. However,—
calculations of this type neglect the formation of core-holed-i/Si(11D)-3X1

and their effect on the surrounding atoms due to screenindulk 247
These effects can lead to relatively large changes in the shifts -0.36 332
from those obtained from initial state core-level calculations. 0.22 368

With the introduction of so-called Slater-Janak transition
stated® it is possible to model, to some degree, final-stateNa/S(111)-3X 1

effects. In this approach, the occupation number for a givemulk 248
state and atom is reduced by 0.5 and then reintroduced a&s ~0.40 290
background so as to maintain a neutral system. The sel 0.24 294

consistent fieldSCH procedure is then run as usual until the
calculations are well converged. This procedure is then reK/Si(11)-3x1

peated until all atoms of interest have been processed. UsirgLlk 324
this scheme we obtain core-level shifts that include both inig 057 362
tial and final-state effect contributions. S 0.25 384

In order to include final-state effects, the<3 unit cell
size was doubled in thel10] direction. This is done so as to

0.57 396
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FIG. 3. Na/S{111)-3x 1 LEED image taken at 65 eV. Similar
LEED patterns were observed for both Li and K.

originate from the Si @ orbitals have a spin-orbit split with
a theoretical branching ratio of 2:1 giving rise to doublets.
Shirley-type backgrounds were removed prior to fitting
AT 4 (when applicablg A summary of the fitting parameters for
. . . N . . all reconstructions studied herein can be found in Table II.

Intensity (arb. units)

hv=130 eV A. Li/Si(111)-3X1

B.=0° The Li/Si(111)-3x 1 surface was prepared by evapora-
tion of about 1.5 ML (1 ML=7.83x 10'* atoms/cm) Li

onto a gently heated surface, with 2 min postanriaabut
200-300 °@. The quality of the surface was checked by
LEED and core-level spectra, showing sharp line shapes. The
Li 1s spectrum(not shown displayed only one component.

Si 2p core-level spectra from the Li/@i11)-3 X 1 surface
were taken using photon energies 120, 130, 140, and 150 eV.
A collection of spectra is shown in Fig. 2, together with the
results of the curve fitting procedure and the residual.

The experimental Sidata could be fitted by means of
2.0 1:5 1.0 0?5 00 05 _1tb 15 two surface related doublets lying at either side of the bulk Si
o 2ps» peak. The peak at lower binding ener@y, is shifted
Binding Energy (eV) -0.36 eV with respect to the bulk. A shift of 0.22 eV was
found for the higher energy peak,. These values can be

FIG. 2. Li/Si(111-3X 1 Si 2p core level spectra taken at sev- compared to a previous study by Weitering, Shi, and ERvin
eral photon energies. Experimental data is indicated by circles, fitiq \which the shifts for theS, and S, components were -0.4
ting data is shown as a continuous line. Also shown are the indixnq 0.46 eV, respectively.
vidual doublets, representing bulk,(black, and surface The Lorenztian full width at half maximutFWHM) was
componentsS, (light grey) and S, (grey. Binding energies are i constant at 85 meV. The bulk peak Gaussian FWHM
referenced to the bulk position. Finally, the residual between experi\-Nas found to be 247 meV. The lower and higher shifted
mental and fitted data is incl_uded ur]der each spe(ifae back- surface peaksS, and S,, were found to have a Gaussian
ground has been removed prior to display. FWHM of 332 meV and 368 meV, respectively. The ratio
photon energies 0&130 eV. Increasing the emission angle between the two surface components was found to be ap-
further increases surface sensitivity. Photon energies high@roximately 1:2.
and lower than 130 eV yield more bulk sensitive spectra. .

Data analysis was performed by least-square fitting of B. Na/Si111)-3X1
convoluted Gaussian and Lorentzian peak shapesalled Surface preparation of the Na($11)-3X 1 surface was
Voigt profileg to the experimental core-level data. Peaks thatachieved by depositing Na while heating the sample to a

Trlrr gy ™ ™ 1" rvY1r*17 17 1rv1
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Na/Si(l1D3x1 Sl gl
Si 2p Be=0° E K/Si(111)-3x1 hv=d0ey
! K 3p )

Intensity (arb. units)

hv=130eV [ ",
08,=0" F i
14 ”15”"16 o 17 18 '.'19...'20
Kinetic Energy (eV)

FIG. 5. (Color onling Experimentally obtained K3core-level
spectrum taken at 40 eV. Experimental data is indicated by spheres,
fitting data are shown as a continuous line. A smaller second peak is
present in the spectrum.

Intensity (arb. units)

ening of the bulk component was found to be 248 meV,
whereas the surface components were found to be 290 meV
and 294 meV forS; and S,, respectively. The residual be-
tween the experimental data and the fitted curve is also
shown in Fig. 4. The intensity ratio between the two surface
components was found to be approximately 1:1(85was
slightly larger thanS;). We note that theS, component for
both the Li/S{111)-3x 1 and Na/Si111)-3X 1 reconstruc-
tions have similar shifts, whereas tt&% component has
shifted to lower binding energy in the case of Na.

hv=130¢eV
0.=60 ¢

C. K/Si(11D)-3X1

20 16 10 05 00 -05 -10 -15 The K/S(ll])-3>§1 surface was obtaln(_aq in a similar
o way as for Na. During the 5 min K deposition, and for a
Binding Energy (eV) short time after the deposition was stopped, the sample was

heated to a temperature of 500 °C. The quality of the surface
FIG. 4. Na/Si111)-3X1 Si 2p core-level spectra taken at vari- \yas checked using LEED and core-level spectra of thepK 3
ous photon energies. Experimental data is indicated by sphereaeak_ LEED showed a well defined three-domaix B pat-
fitting data is shown as a continuous line. Also shown are the indi"tern similar to that shown in Fig. 3. The Kp3core-level

vidutal dc(’lgbr:fts’ repredsen(ting buBII_(<b(Ijgck), and surface fompo' 4 SPectra showed a dominant single peak, but also a small
nents,S, (light grey) ands, (grey. Binding energies are reference cond peak at higher binding energy, as seen in Fig. 5.

- . . . e
to the bulk position. Finally, the residual between experimental anc? A number of Si D core-level specira at photon energies

fited data is included under each spectra. between 115 eV and 150 eV were taken. A collection of Si
temperature of 500 °C. This resulted in a three-domain 2p core-level data taken at various photon energies is shown
X 1 surface, as seen in LEEBhown in Fig. 3. Anumber of  in Fig. 6. In addition, valence band spectra were recorded
Si 2p core-level spectra at photon energies between 115 e¥hot shown. The sample was cooled using liquid nitrogen
and 150 eV were taken. The sample was cooled using liquiduring measurements to minimize phonon broadening.
nitrogen during measurements to minimize phonon broaden- Fitting of the experimental data was achieved using one
ing. A collection of the spectra is shown in Fig. 4. The spec-spin-orbit split doublet from the bulk®, and three surface
tra could be fitted using one bulk componétack and two  related doublets$,;, S,, andS;. These were found to lie at a
surface component§,; (light grey), andS, (grey). distance of —0.57 eV, 0.25 eV, and 0.57 eV from the main
The shifts for the two surface componen&, and S,, bulk Si 2p;, peak. Once again, we find that tigg compo-
with respect to the main bulk SpZomponent were found to nent is similar to the previous cases. Thecomponent was
be -0.40 eV and 0.24 eV, respectively. The Lorentzianfound to shift to a lower binding energy than both the Li and
FWHM was kept constant at 85 meV. The Gaussian broadNa induced Sil11)-3X 1 reconstructions. The height ratios
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K/Si(111)-3x1 hv=120eV | Experiment Li/Si(111)-3x1 Si2p
Si 2p 2 8.=0 _
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FIG. 7. Calculated core-level shifts for both initi@jpen circles
and final-state effedfilled circles schemes for the three uppermost
layers for the Li/Si111)-3X 1 reconstruction. Energies are refer-
enced to the bulk core-level energy.

Intensity (arb. units)

spectra has been discussed by Paggell?* for the case of

the Na/S{111)-3X 1 reconstruction and was attributed to
the presence of Na in a precursor state on the surface. This
peak was also seen by Paggehl.to decrease when heating
gently.

V. DISCUSSION

For the honeycomb chain-channel model, one would ex-
pect four Si D surface components that are derived from the
top layer. These surface components would originate from
the alkali metal bonded Si atoms,andd, and the Si double
bonded atomd) andc. Surface components may also origi-
nate from the second and third laydsee Fig. L

It is however, by no means certain that all of these surface
related peaks can be resolved due to the relatively small dif-

L L L : L ferences in core-level shifts between them. This was found to
20 15 10 05 00 -05 -1.0 -1.5  pe the case here for the Li, Na, and K induced1$i)-3
Binding Energy (¢V) X 1 reconstructions, in which only two surface related com-
ponentsS; andS,, were found for Li and Na, and three for

FIG. 6. K/Si(111)-3X 1 Si 2p core-level spectra taken at vari-
ous photon energies. Experimental data are indicated by spheres
fitting data is shown as a continuous line. Also shown are the indi]
vidual doublets, representing bulkblack), and surface compo-

' With the exception of th&; component found in the core-
evel spectra for K/iL11)-3X 1, all three spectra series are

. . o ; strikingly similar. This is a strong indication that the alkali
nents,S; (light grey), S, (grey), and S; (white). Binding energies ; .
are referenced to the bulk position. Finally, the residual betweemetals' Li, Na, and K do indeed share a commo(L 5

experimental and fitted data is included under each spectra. ContriS X 1 reconstruction. o
butions from the background have been removed. In all three cases we observe a lower binding energy com-

ponent,S;, which is well separated from the main bulk com-
between theS, and S, components was ascertained to beponent. Furthermore, from the summary of fitting parameters
approximately 1:1.2. Most notable in the K(811)-3X 1 Si  (Table Il) it becomes evident that as the size of the alkali
2p core-level spectra is the requirement of an additional suratom increases, so does the shiftSfaway from the main
face componentS;, to obtain a consistent fit. An additional bulk component to lower binding energies. The fact that the
component was also observed in the K &re-level spectra S, component clearly depends on the alkali metal adatom
(see Fig. 5. This component was observed to decrease whengize suggests that this component derives from the alkali
gently heating the sample. A similar component in the [da 2 bonded Si atomsg andd. On the higher binding energy side
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Experiment Na/Si(111)-3x1 Si2p Experiment K/Si(111)-3x1 Si2p

Final bjc egfh i d a
‘I‘n'lt'lall """" LML S RARRL BB BAASA BAREREREEE 'Initial"'l"" e v v v LA ] YT
ch Tje)hfg L % ? bc je hgf i da

L] L] T T i LI ] L) Lf T ) L T
0.5 04 03 0.2 0.1 00 01 -02 -03 -04 -05 06 05 04 03 02 01 00 -0% -02 -03 -04 -05 -06
Binding Energy (eV) Binding Energy (eV)

FIG. 8. Calculated core-level shifts for both initi@pen circles FIG. 9. Calculated core-level shifts for both initi@pen circles
and final-state effedfilled circles schemes for the three uppermost and final-state effedfilled circles schemes for the three uppermost
layers for the Na/$L11)-3X 1 reconstruction. Energies are refer- layers for the K/Si111)-3X 1 reconstruction. Energies are refer-
enced to the bulk core-level energy. enced to the bulk core-level energy.

of the main bulk component we observe a surface compopecially on the high binding energy side. Here one observes
nent,S,, which is located at approximately the same energythat the double bonded atorhsandc move down in binding
for all three cases. However, the intensity ratio between thi€nergy coming closer to the energies for at@randj. The
peak and theS; component was found to vary for the three gap between energies reduces to a point in which the lower
reconstructions. Identification of the origin of tSg compo- ~ energy double bonded atom is only 0.03 eV larger that the
nent based on experiment is problematic, since one expectgird layer channel atom Also, the dangling bond Si atom,
contributions from several atoms in this spectral range. Th&, is found to lie in proximity to the double bond energies
relatively broad components for the alkali adatom cases als®.08 eV lower energy The clustering of these core-levels
allows for composite peaks. Especially the Li case, with armay explain the experimentally obtained data with a ratio of
anomalously high intensity fo8,, clearly suggest contribu- 1:2 betweers; andS,. This would indicate that th&, com-
tions from several atoms. Nevertheless the dominant contriponent is a composite peak with contributions from four dif-
bution is expected to come from the double bonded top Sterent atoms. Similar effects and differences between calcu-
atoms,b andc. lations for initial and final-state schemes have been reported
by Baskiet all? for the Ca/S{111)-3 X 1 reconstruction.

A. Li/Si(11D)-3X 1

Results from DFT calculations using both initial and B. Na/S(119)-3x1
final-state schemes together with the experimentally deter- A look at the experimental Na/@i11)-3X 1 core-level
mined SCLS can be seen in Fig. 7. Initial state calculationslata (Fig. 4) shows two surface components with relative
show shifts of —0.18 and —0.28 eV for the alkali bonded Sipeak heights between the two components of approximately
atoms. This confirms our assignment of tBecomponent. 1:1.25. This would be more consistent with surface compo-
The calculated values are however underestimated compareénts that originate from the alkali bonded Si atoms and
to the experimentally found shift for tHg component which  from the double bonded Si atoms only compared to that of
was found to be —0.36 eV. On the high energy side, the twdhe Li induced Si111)-3X 1 reconstruction. The heights of
core-level energies related to the double bond are found dhe two surface components both show similar changes with
approximately 0.4 eV above the bulk, which can be com-variations of the surface sensitivity of the measurements.
pared to theS, component which was found to lie at This is an indication again that both components derive from
0.22 eV. The 1:2 intensity ratio of the two surface compo-the same layer. Density functional theory calculations both
nents,S; andS,, is inconsistent with the HCC model assum- using initial and final-state schemes show that$heompo-
ing that the peaks originate from the first layer alkali bondednent at lower binding energy derives from the alkali bonded
and double bonded Si atoms. The cause of this discrepan&i atomsa andd (shown in Fig. 8. Initial state calculations
could be a photoelectron diffraction effect. However, a moreshow two almost identical eigenvalues for the double bonded
likely explanation would be a superposition of several peaksop layer atom® andc at 0.35 eV. The alkali bonded atoms
at theS, position. were found to have initial state energies of —0.26 and

With the introduction of final-state effects in the calcula- —0.35 eV, respectively. These values are comparable to pre-
tions, one observes significant differences in the SCLS, essous calculations by Kang, Kang, and Jedng.
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By inclusion of final-state effects, the eigenvalues for at-Si(111)-3 X 1 reconstructions were found to have at least two
omsb andc move down and the energy of atgnincreases surface related componentS, and S,. Density functional
causing overlap of the energies. This additional component itheory calculations have also been performed using both ini-
consistent with the variation from a 1:1 ratio for the two tial and final-state schemes to determine core-level shifts for
surface componentsS, and S,, in the Na induced these reconstructions based on the HCC model. Trends in the

Si(111)-3 X 1 reconstruction energy of theS, component show shifts to lower binding
energies with respect to the main bulk component with in-
C. K/Si(111)-3X1 creasing alkali metal size. This trend was found to be emu-

- . i lated by both the initial and final-state scheme calculations.
In|t_|al state calculations for the K/@i11)-3x1 recon- We therefore conclude th&; does indeed originate from the

struction show two core-level components from the two al'alkali bonded Si atomsa andd.

kali b_onded Si atomsa and d'. at -0.38 and -0.33 eV, re- The origin of theS, component is more complicated.

spectively(see Fig. 9. The shifts are observed to be larger (%b

han both the Li and induced ; d ased on the ratios between tBgand S, components we
than both the Li and Na induced reconstructions and as Sucly,qi,de that thes, component derives from a number of

is consistent with the observed trend for the experimentall;gltoms and not simply from the top layer double bonded Si
obtainedS,; surface component. However, as was the case foétoms b and c. Li/Si(111)-3x 1 final-state calculations
both the Li and Na induced reconstructions, this shift is un- :

. ) S S show four atoms with energies in close proximity to each
derestlmated. On the high binding energy side initial Stat%ther. All of these atoms may contribute to Becomponent.
calculations show two double bonded componebtandc,

: . - D35
at 0.31 and 0.25 eV respectively. At approximately 0.15 eVWe therefore conclude that for the Li induced Hi)-3% 1

. L reconstruction, theS, component derives from the double
we find the SCLS for the atomesand j. Final-state calcula- . ' . . ;
tions show a similar picture to that of the Li{$11)-3x 1 bonded Si atoms) andc, together with the dangling bond Si

) ) . . ; tome and channel atony
final-state calculations, in which both the channel atpm atome and channel ator,

. : In the case of the Na induced($11)-3 X 1 reconstruction
and the dangling bond atora, move closer in energy to the we propose that th&, component derives mainly from the
double bonded atomb,andc, giving rise to core-levels with brop b y

S . double bonded Si atoms, and c, with additional contribu-
significant energy overlap. One can, based on the final-statg

calculations, conclude that tf#& component is a composite |ons_tf)r|om atomy situated at the bottom of the channel and
! ; . possibly atome.
ggrgg?intéogglned t;?(r)\r(?:da% f‘;gn;lts(’)ﬁ].nii&;?gdeztetrhg'&ér;?n Also for the K induced surface we observed, in the final-

of the channel. This assignment is consistent with the ob-State calculations, an additional two atoms from whichSpe

served height ratio between ti& and S, surface compo- c?g:npsonne;r;é?a)étgre];vaeng_emdes the two double bonded Si
nents. Differences in the height ratios between the Li and i& By ’inclusio)é of final-st:i{te effects. the calculated SCLS
induced reconstructions may be .ex.plamed by the Iarger Si%ere found to be in fairly good agre’ement with the experi-
of the K adatom suppressing emission from jretoms situ- mental results, especially for tig component. The, com-
ated at the bottom of the channel to a greater extent than for . ' o )

. ponent is less well reproduced using final-state DFT calcula-
the case of the Li adatoms.

However, one surface component does not appear in ep_ons. The small shift to larger binding energy of tig

ther the initial or final-state calculations, and that is e component with increasing alkali size was not seen in either
' the initial or final-state DFT calculations, although final-state
component. We therefore conclude, based on DFT calcul

. ; . FT calculations were found to show a more quantitative
tions for the HCC model, that this surface component is no . . .

. . agreement with experiment than those calculations based
consistent with the HCC model, and could therefore be re-

lated to imperfections in the surface structure. solely on initial-state calculations.
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