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In situ photoelectron spectroscopy investigation of silicon cluster growth on fullerene surfaces
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The growth of Si clusters on theggsurface was observead situ using photoelectron spectroscopy in the
ultraviolet (UPS and x-ray regimes. The highly corrugateghGurface provides a wide range of bonding sites
and might function as a template for the formation of cluster superstructures. The Si accumulates first in the
interstitial bonding sites, which present a bonding environment defined by the fullerene molecules and domi-
nated by carbon atoms. This arrangement is comparable to the formation of a surface fulleride and the
interstitial sites apparently act as primary nucleation sites. The clusters then continue to grow and- 8ie Si
bonding environment gains in importance. A numerical fit of the core level sp@issand Si%) reveals the
relative contributions of the different bonding environments as the cluster growth proceeds. The absence of a
SiC contribution excludes a substitutional doping of the fullerene cage with Si. The impact of initial and final
state effects due to changes in the photoemission process as the cluster size is varied, can be identified and
separated from the influence of the chemical giiriation in bonding environmenon the core level position
and shape. The UPS valence band spectra confirm the absence of a charge transfer or directed covalent bonding
between the Si adsorbate and the fullerene surface. The valence band offset between the amorphous Si and the
Cgo amounts to 1.2 eV, and the position of thes@bre level is likely pinned by the-Si dangling bonds. The
Ceo can function as a template for the formation of Si cluster artayperstructurgswith the interstitial sites
as primary nucleation sites and an expansion to three-dimensional structures is possible.
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INTRODUCTION alkalis®® are indeed thermodynamically stable. The stability
of other types of fullerides which might include covalent
Fullerenes are covalently bonded spherical carbon cluster&ther than ionic bonding, is still being discussed but the
which assemble to extended van der Waals bonded solids afiglatively large cohesive energy of many metals might pre-
are recognized as the third carbon allotrope, in addition tyent formation of fullerides by a solid state process. It has,
diamond and graphiteThe pristine material possesses inter-On the other hand, been shown that the codeposition of both
esting properties but the addition of foreign elements as dogfactants from the gas phase can lead to the formation of
ants can lead to a considerable expansion in the variability glléridelike phases. The formation of Ti, Yb, and Nb
properties~* Different doping pathways exist and include ullerides has been achieved by Fap'.d cpndensaﬂon of
endohedral doping where the foreign atom is located insidéheepgesi%ﬁn;‘:’ofégrsns tglelzogvzso?]r;}afg.s;/rr?tlﬁelgigitlgar%gr? ng:gggir
the cage, _substltu.tlonal doping where a ca_rbon atom in th nge of fullerides and &/ metal composite materials which
cage wall is substituted, and exohedral doping. In exohedr

) ; . - 0 not undergo a spontaneous segregation and are most
doping the foreign element occupies the relatively large vay; g P greg

9 kely metastable.
cancies in between the fullerene molecules. Several atoms The combination of fullerenes with Si has been suggested

can be |r515erted and form clusters with up to 11 atomgg 5 pathway to stabilize thegCnetwork, but is also of
(Nay;Cq).> Exohedral doping and thus the formation of ful- jnterest for the formation of contacts and the building of Si
lerides can lead to the formation of novel materials withnanonetworks embedded in g Gnatrix14-19The synthesis
quite surprising properties, such as the superconductingf 3D Cy,-Si composites has been described in an earlier
K3Ceo® Fullerides are per definition exohedrally doped publicatiod® and in order to gain an improved understanding
fullerenes in the crystalline phase, the term surface fulleridesf the interaction of Si atoms with thesgsurface the present
is also used in the study of the accumulation of foreign elestudy concentrates on the 2D system, the deposition of Si on
ments on the fullerene surface. Since the crystallinity andh Gg, surface. These results might also be of interest in the
long-range order in our materials can often not be confirmeépplication and contacting of carbon nanotubes.
we decided to introduce the term composite material for the Various aspects of the interaction of Si with fullerenes
three-dimensiond3D) material(thin layers or surface clus- have been discussed in the literature and the most common
ters for the 2D materialdeposition of dopant on thegg experiment is the deposition ofsgon a Si surfac€®2°The
surface.’ type of bonding at the interface has been reported to depend
The thermodynamic stability of fullerides has beenon the Si surface terminatiofnydrogen saturation, type of
considered* using a Born-Haber cycle and it was concludedreconstruction, and orientatipron the surface coverage with
in this study that ionic fullerides with alkalis and some earthfullerenes and the temperature. The doping gf ®ith Si

1098-0121/2005/7%)/04542@8)/$23.00 045420-1 ©2005 The American Physical Society



P. REINKE AND P. OELHAFEN PHYSICAL REVIEW B71, 045420(2005

has also been suggesteds a method to stabilizegglayers o™ T
and thus expand the range of applications by the introduction
of an element which is not purely van der Waals bonded. An
interesting prediction has been made by Marebsl.S for

the formation and bonding of Si clusters with 1 to 15 atoms
in contact with G, In the framework of a tight binding
study they find that ficlusters/aggregates prefer the contact
with the G, for n<5 but if n is larger the formation of /
three-dimensional Si clusters is preferred. This also indicates /

that the Gg surface might serve as a template for the growth : i E:*

of ultrasmall Si clustef$ if the interstitials between the mol- o T
ecules are preferred nucleation sites. The study we present 05 10 L5 20

here focuses on observing the progression of Si overlayer nominal coverage Si, Cg, (nm)

growth on a G, surface with photoelectron spectroscopy . . . .

(PS in the x-ray(XP9S) and ultraviolet regimgéUPS). PS is FIG. 1. Intensn_y of the ovgrlayer S|gne$|2_p for a-Si on Gy,
sensitive to the local environment of the atoms and yield<1S for Ceo on a-Si) as a function of the nominal coverage. In the
information on the electronic structure at the interface andePosition of G, on a-Si (open circlethe graph can be described
the progression of the Si growth at the surface. In Combinagsing the Lambert-Beer law and is therefore in agreement with a
tion with a numerical fit procedure it is possible to separat ayer-by-layer growttielectron mean free path of 1.6 nithe dot-

. . . ed line serves as guidance for the eye. The deposition of Si on the
different bonding states of the Si atoms and develop a cons . -

. o 60 Surface includes two sets of data, indicated by the black and
cise description of the cluster growth.

open square markers.
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EXPERIMENTAL MXPS spectra and about 0.1-0.2 eV for the UPS measure-
ments. The core level spectra were recorded using a constant
pass energy, while for the VB spectra a constant retardation
ratio was used. The spectra are presented without satellite

20 nm at a deposition rate of 0.3 nm/min. Thg 8eam was ; . )
created with a sublimation source that consists of a tantalur’ﬁubtraCtIon and t_he energies are referenced to the Fermi level
nd the Au 4, line (positioned at 84.0 e)of a clean gold

sleeve attached to a simple button heater and is loaded W@am le. The element concentrations are calculated using the
commercially available g. Careful outgassing of the mate- pie. 9

rial resulted in a highly stable deposition rate. The siIiconphOtoeXC'tatlon cross sections by YéhNone of the films

atom beam was produced by electron beam evaporation &xhibited any charging QUring thg photoelectron spectros-
silicon and a deposition rate of 0.08 nm/min was used. Sgopy analysis; due to their small thickness the loss of charge

In a first step the g layer was deposited on a($00
substrategroom temperatuneup to a final film thickness of

layers which are deposited on samples held at room temper y photoelectrons emitted at the surface can be equilibrated

ture have an amorphous microstructure and recrystallizatio y photoelectrons injected into the layer from the underlying
substrate.

occurs only upon heating to more than 800 °C. The deposi- The numerical fit brocedur d for the analvsis of th
tion rates were monitored by a quartz crystal monitor and € numerical Tit procedure used for the analysis ot the
calibrated by separate deposition of a pugg @ a-Si layers core level peaks follows the procedure for a least square fit

and measuring the resultant film thickness. A good agreeqleveloped by Marquard]. The peak shape is described with

ment was found between the measured film thickness and tf?%?gr;éag;'sggl'é fgonrc?rif an:ﬂeamSaflglngllsbang;gorrouhrga.l'hée_ and
expected value calculated for the frequency change of th rV inpl ded in th [f)iu . Thl ' lit pf tg fitl :
quartz crystal monitor taking into account the mechanical % are included in the figures. 1he quality of the it 1S
properties of ara-Si layer. judged by considering the residuals, it was possible in all

The nominal coverage is the film thickness which woulgcases to isolate a best fit result and using either more or
be reached if the film growth proceeds in a Iayer-by—layerfewer peaks lead to a considerably worse agreement with the

growth mode. All the depositions were performed under ultr emenmental peak shape. The best results which were ob-
high vacuum conditions with a base pressure belo ained n the f.'t procedure for the JiZore level are in-
1019 mbar and the sample is transported to the analysigIuded in the figures.
chamber without breaking the vacuum. The only contami-

nant in the films were traces of oxygen, with a maximum

concentration of 1 at. % at the end of the experiment.

The photoelectron spectroscopy analysis was performed Figure 1 illustrates the changes in the intensity of the
with a Leybold-SPECS EA11/100 MCOmultichannel de-  overlayer signal as a function of the nominal coverage for
tection spectrometer. Monochromatized K& (hr  two different experiments: the deposition of Si on g 6ur-
=1486.6 eV radiation was used to record the core levelface, and the inverted experiment, the deposition gf @
spectra(MXPS), and a helium gas discharge lamp emitting an a-Si surface. The function which describes the change in
light in the ultraviolet region(UPS, He I, hv=21.22 eV, intensity of the overlayer signal is determined by the growth
He II, h»=40.82 e\ was employed to record the valence mode, and in the case of a layer-by-layer growth an expo-
band(VB) spectra. The typical resolution is 0.6 eV for the nential function given by the Lambert-Beer law can be used.

RESULTS
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FIG. 2. Left-hand side: Carbonskore level
_ 0 O peak for the Gy surface and after the deposition
E 04 O g A of 0.68 nm Si. Right-hand side: Change in the
'§ \?3 a ® position of the carbon s peak(from XPS spec-
& 5 03 8 Q + - tra), highest occupied molecular orbitdi OMO)
E § and HOMO-1(from UPS spectraas a function
€ 10.68 nm Si w 02k - of nominal Si coverage. The reference valde
(nom. cov.) = 5 O Cls binding energy=0is taken from the clean &
-E O & HOMO surface: C% 285.1 eV, HOMO: 2.45 eV, and
< 01 _6 O HOMO-17] HOMO-1: 3.78 eV. All peaks are shifted to
smaller binding energies.
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Knowledge of the mean free path of electrons in the solid idullerene cage, can therefore be excluded. Also included in
required to apply the Lambert-Beer law. The value of 1.6 nmFig. 2(b) are the shifts of the highest occupied molecular
for the Gy, overlayer was determined experimentally by an-orbital (HOMO) and HOMO-1 peak which are derived from
nealing a thick G, layer (deposited on am-Si surfacgé at  the UPS spectré:3236-39The position of the HOMO peak
500 °C. This is well below the onset of carbide formatfon prior to the addition of Si is at 2.45 eV and the HOMO-1
but above the sublimation temperature gf.@nly a single peak is located at 3.78 eV. A more detailed discussion of the
monolayer of the fullerene molecules remains on the surfaclPS spectra is given later in the text.
and the intensity of the Si can C signals can now be used to The Si% core level spectra are summarized in Fig. 3,
calculate the electron mean free path ig,CThis value is where the Sip core level is depicted as a function of Si
also in good agreement with the universal curve of the eleceoverage. The relatively poor signal to noise ratio in the first
tron mean free path in solid8.The growth of G, on the few spectra is due to the very low surface concentration of Si
a-Si surface closely follows a layer-by-layer growth as de-and its relatively small photoexcitation cross section. On the
scribed by the Lambert-Beer law, while the growth of Si onright-hand side of the figure three examples are included
the G surface cannot be described with the exponentialvhich serve to illustrate the results of the numerical fit pro-
Lambert-Beer function using a reasonable value for the meacedure. Each Si2 core level consists of two contributions
free path. Apparent deviations from the Lambert-Beer lawfrom the spin orbit splitting® Si2p,,, and Sids,, which
can also occur if the sticking coefficient of the incoming appear at a constant energetic distaf@é e\) and have a
particles is smaller than unity. The strength of the interactiorconstant branching ratio p3,/2p,,, of 2.0. The results
between Si and & is considerab®@-3*and we can therefore shown represent the best possible fit which could be
assume that the sticking coefficient of Si-atoms is indeedchieved, an increase or decrease in the number of peaks
close to unity. The observed intensity changes can consavorsened the agreement with the experimental data. The po-
guently not be attributed to the desorption of Si atoms but arsition of the high binding energy peak is at 101.3 eV at the
due to the growth of the Si overlayer via island or clusterbeginning of the experiment, the low-binding energy compo-
formation. nents at 100.2 eV. Numerous effects which are described in
The analysis of the Gland Sid core levels reveals a the next paragraphs modify the binding energy of photoelec-
more detailed picture of the growth process and the interadrons emitted from small clusters and a comparison with SiC
tion between Si and theggsurface. The Cd.core level for (100.4 eV is therefore meaningless for the Bipeak.
the virgin G5, surface and for a nominal Si coverage of In a visual inspection of the Si2peak it is apparent that
0.68 nm are shown in Fig.(8. The Ck peak of the g,  the peak shape undergoes considerable changes: while the
surface is located at 285.1 eV and shifted to lower bindindfirst peak at very low Si coverage exhibits a shallower slope
energies in the course of the Si deposition, which is illus-on the high binding energy side, commensurate with the
trated in Fig. 2b). The peak shift reaches its maximum value presence of Si2,;, and Sid, contributions(seea-Si refer-
of 0.4 eV(284.7 eV} at a nominal coverage of 0.17 nmot  ence, the shallower slope appears on the low binding energy
shown, no further changes are observed for higher coverside as the deposition progresses. This is particularly obvious
ages. Apart from the change in binding energy the peak pan the third deposition stef®.07 nm nominal coverageThis
rameters remain nearly constant, only a small increase in thehange in shape cannot be attributed to initial or final state
full width at half maximum of 0.1 eMfrom 0.6 to 0.7 eYis  effects which modify the photoemission process in small
observed. Covalently bonded SiC which would give rise to aclusters(see next paragraph for detajf8 and the introduc-
peak at 283.2 eV? is absent in all spectra and a substitu-tion of at least one additional component is required. The
tional doping where a Si atoms substitut@ C atom in the numerical fit was carried out using two components which
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Si2p (XPS, hv=1253.6 eV)

0.16 nm Si

a-Si layer

_g 0.07 nm Si
g FIG. 3. On the left-hand side the $izore
%’ 0.17 nm level spectra are shown as a function of nominal
5 Si coverage. On the right-hand side three ex-
g amples of the numerical fit procedure are

0.07 nm included.

....lr‘.ﬂ..-.ll...l....I..i".'l’ii:
0.027 nm

1/100 nm Si

1/100 nm

104 103 102 101 100 99 98 104 102 100 98
binding energy (eV) binding energy (eV)

consistently yielded the best results. The visual inspection gbonent. At a nominal coverage around 0.15 nm the high-
the peak shape as a function of coverage already indicatesbinding energy contribution to the S%eak drops below a
deviation from the assumption of a continuous clusterfew percent. It is a general observation made for different
growth. Rather small variations in peak shape combined witlsystems that if the contribution of a component to the main
a continuous shift to lower binding energy would be ex-
pected for a continuous cluster growth in the absence of dif-
ferent bonding sites at the surface. This has, for example,

approach that o&-Si which is included at the top of Fig. 3.

The positions of the two components are shown as a function 95
of the nominal coverage in Fig. 4. The position of the[Bi2 AT
peak maximum determined from the original core level peak 0o o on s s s
prior to the numerical fit are also included. The contribution

of the high-binding energy component to the [S{2eak de-
creases rapidly with coverage but the absolute height of this FIG. 4. This figure summarizes the results of the fit procedure
peak remains constant. It is overwhelmed by the rapid inteénand includes the position of the $ideak contributions at high
sity increase in the low-binding energy component and hidbinding energiesopen squarésand the one at low binding energies
den below this intense peak. The Si atoms which arrive at thépen circles The grey filled squares show the position of thepsi2
surface now only contribute to the low-binding energy com-peak maximum obtained without a numerical fit.

been observed for Au cluster deposition on a vitreous carbon dcéemi-;_e:omhsi?hpgeagﬁti
substraté® 101.0 ::ergy contribution ]
Two components contribute with varying intensity to the N i : O ™ ]
Si2p core level: a component at higher and lower binding i - without peak fit: 1
. . ) . . g - u pos‘monofSlpreak L
energy can be distinguished. The high-binding energy com- o 1005F| g maximum .
ponent dominates at low coverage, while the low-binding & - -
energy component is more prominent at higher coverages. b4 £ - i
With increasing nominal coverage the low-binding energy § 1000 -
component gains in intensity and its peak shape and position g - + 1

coverage (nm)
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peak drops below about 5% the fit procedure becomes unre- PASAR AR R LR R RN
liable. (v=2122eV)

The binding energy difference between the two compo- a-Si
nents is labeled\ and the continuous shift to lower binding W
energies is labeled®. The binding energy differenca is +0.68 om Si \
0.9+£0.1 eV and the binding energy shBtis 0.4 eV at a Ce 3

nominal coverage of 0.34 nm, and 0.8 eV at 1.7 nm nominal
coverage, where the bulk value farSi (99.4+0.05 eV is
reached. The low-binding energy component is always
broader and slightly more asymmetric than the high-binding
energy component.

The photoelectron binding energy observed for small
clusters is influenced by several effects which are connected
to small size of the systefi-*3Initial state effects, the varia-
tion of the density of states with cluster size, and final state
effects which stem from the delayed relaxation of the photo-
hole, contribute to the dependence of the binding energy and
VB structure on cluster size. The final state effects dominate '1'4' : '1'2' : '1'0' : ; . ; . "; . ; =
the peak shift in metal clusters on semiconducting or insu-
lating surfaces and are caused by a delay in the relaxation of

the photohole as compared to the time scale of the photoelec- . 5. selection of UPS-valence band spectra for the clagn C
tron emission. If the cluster is still positively charged whengface and for a nominal Si coverage of 0.68 nm. For comparison
the photoelectron is emitted an additional electrostatic barriefe vB spectrum of am-Si layer is included at the top of the figure.
will reduce the electron kinetic energincrease the apparent | the a-Si spectrum the peak at 6.7 eV stems from Si oxides, the
binding energy. The relaxation of the photohole depends onoxygen concentration was about 1% in this layer, but the excitation
the cluster sizéthe cluster acts as a spherical capacitor anatross section for the oxides is considerably larger than for the
the relaxation time depends onrl/and the efficiency of a-Si-VB. All spectra are normalized to unit height.

electron transfer from the substrate to the cluster. Both pro-

cesses have a probability distribution in time which leads tgeaks, which can be assigned to the bands formed by the
a peak broadening. The presence of a variety of cluster sizexcupied molecular orbitaléViOs) of Cgo which have been
leads to an additional distortion and broadening of the peaklescribed in numerous publications. A narrow peak is posi-
shape. For Au clusters on amorphous carbon substrates thiened at 2.42 eV(Hel) and 2.52 eV(Hell) and is due to
peak shift as a function of size has been quantified using sizexcitation from the highest occupied MQHOMO); the
selected cluster¥, and the delayed photohole relaxation hasHOMOs have merged to form a fivefold-degenerate band of
been shown to dominate. A peak shift is observed for clusters, symmetry**-4’ The VB-spectrum of ara-Si layer is in-
smaller than about 2.0 nm, and can be up to 1.0 eV for vergluded at the top of the figure; it is mostly featureless and
small Au clusters(Aus). It can in turn be used to assess dominated by a relatively broad peak centered at 2.2 eV, the
cluster size distributions in equivalent systems. These numvalence band maximum is at 0.2 eV.

Hell

intensity (arb.u.)

binding energy (eV)

bers can unfortunately not be translated to the §<®stem Moving from the pristine g, surface to increasing Si cov-
mainly due to the lack of knowledge of the efficiency of erage a shift of all g, related features by 0.4 eV to lower
electron transfer across the interface. binding energies is observed without variation of their rela-

The observation of the change in peak shape and the rdive position, this is commensurate with a rigid band behav-
sults of the numerical fit procedure indicate the presence abr and indicates that no preferential interaction of one MO
at least two main determinants for the binding energy of thewith the Si clusters exists. Sutd al*3 have pointed out the
two components: a continuous shift to lower binding ener-appearance of additional peaks can be a signature of the
gies which is strongly dependent on the cluster $igspec- chemisorption of G on a S{111)7X7 and a Sj1002x 1
tively, the nominal Si coverageand binding energy differ- surface, but no such behavior can be observed here. The
ence between the two components which remains constant &soadening of the g features is connected to a hybridiza-
long as both components can be detected. The strong clusteéon between the carbon and silicon orbitals, and the loss in
size dependence of the binding energy shift indicates that theymmetry through the introduction of an interface. The con-
influence of initial and final state effects dominate. The magsequent loss of degeneracy in thg;®Os leads to the ob-
nitude of the various contributions cannot be determined unserved broadening. The region close to the Fermi energy is
ambiguously from the present experiment, although mostlominated by the states from theSi matrix, where the dan-
other experiments indicate that the shift induced by the degling bonds and band tail states contribute and form a diffuse
layed core hole relaxation dominates. background which tapers off to zero close to the Fermi en-

In addition to the core levels the UPS valence band specergy. In the spectra of the pristinggSurface two very small
tra were recorded for every deposition step and a selection gfeaks are observed between the Fermi energy and the
the spectra measured with Hel and Hell light as excitatiorHOMO peak; these are associated with the emission of pho-
source are included in Fig. 5. The VB spectrum of the purgoelectron excited by a satellite line emitted from the non-
Ceo layer is dominated by a number of relatively narrow monochromatic He lamp. The evolution of the spectral shape
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reflects an increasing contribution ®@fSi. The spectra can be strate are equivalent which means either the band bending is
described by linear combination of the VB spectra of thealways the same or thee Si layer does not support a signifi-
pure materials after adjusting for the binding energy shiftscant electrostatic potential. These conclusions cannot be
The very intense emission from thgdnakes it difficult, if  transferred to the behavior of the clusters with respect to
not impossible, to obtain information on the valence bandand bending.

structure of the Si clusters at the surface. To separate the Si

contribution a variation of the photon energy or an enhance-

ment of the surface sensitivity by using a shallow angle for DISCUSSION

photoelectron detection might yield in a future experiment The formation and growth of Si clusters on thg,Gur-
information on the electronic structure of the clusters themtace has been observed and a description of the progression
selves. In agreement with the experiments reported for thgf the cluster growth and the interaction between the two
absorption of G, on either crystalline or amorphous Si sur- materials can now be developed. The modification of the
faces we did not observe an increase in the density of state§y_signal intensity as a function of the nominal coverage con-
and appearance of a new peak or steplike feature at the Ferfiims the cluster growth mode and nonwetting behavior of
energy, which would be an indicator for a direct charge transsj From the C%& core level it can be concluded that the
fer to the LUMO (lowest unoccupied molecular orbitadf  agsorption of Si atoms does not lead to the formation of
Ceo- ) . covalently bonded SiC and the fullerene cages remain intact
The valence band offset is the energy difference betweeyring the experiment. An earlier study on the formation of
the valence band maxim@&BM) of the participating mate- sj.c,, composite materials showed that for the breaking of
rials and determines the potential step at the interface of thgye carbon cages and reaction with the surrounding Si matrix
completeda-Si-Cgy heterostructure and therefore strongly g form sic temperatures exceeding 970 K are requifed.
influences the electronic properties. If the positions of the Tphe corrugation of the g surface is considerable, due to
VBM of both components are recognizablg in the spectra thene large size of the molecule@iameter approximately
value of the offset can be directly determined by inspections np) and relatively large interstitial vacancies are present
The a-Si VBM is indeed visible in the spectra since the which appear as troughs on the surface. This spatial inhomo-
contribution from G, in the region close t& is negligible,  geneity leads to the presence of a variety of adsorption sites,
but o_nly approximate values for the position of the VBM can distinguished by the number of carbon neighbor atéimer
be given for G due to the superimposeiSi features. Al-  gytside the interstitiaJsand the local symmetry which can
ternatively the valence band offs&E can be calculated with  gither be a hexagonal or pentagonal face of the fullerene
improve@ precision using the relation given in Ref. 48 .fromcage. Although it is not possible from our experiment to
the positions of the core levels and valence band maxima Qfjentify the primary adsorption site, the analysis of the core

the pure and final heterostructure material: levels gives some information on the preferential nucleation
N B . site for the clusters in the early stages of the deposition pro-
AB(Coo/a-Si) = (Clseeo = VBMceopure tayer (Si2Pacsi cess. In particular the analysis of the gi@re level offers a
— VBM .sipure 1ayer™ (C1Sceo Si2Pa sifinal- wealth of information. The evolution of the peak shape with

increasing nominal Si coverages indicates that the cluster
The values are for the Glpeak: 285.1 eV for pure ggand  growth process does not proceed via Ostwald ripening where
284.7 eV for the highest nominal coverage where no morehe mean cluster size increases continuously at the expense
changes in position of the core level are observed, and for thef the smaller clusters.
Si2p peak: 99.4 eV fom-Si and thea-Si overlayer at the end As can be seen in Fig. 3 the high-binding energy compo-
of the deposition experiment. The positions of the valencenent to the Sip core level dominates at very low coverages,
band maxima of the pure materials are 1.8 eV fgp,@nd  but its concentration defined as contribution to the pSi2
0.2 eV fora-Si. The resultant valence band offset is 1.2 eV.peak, decreases rapidly with increasing coverage. The abso-
This value is about twice the valence band offset reported bjute intensity on the other hand remains unchanged after the
Janzenret al?° between a G overlayer and a $111)7X7  first two deposition steps. Binding energy difference A is
surface. It has to be kept in mind that theSi electronic  independent of the cluster size and this component is tenta-
structure and the presence of a large amount of danglingively assigned to Si atoms residing in a predominantly car-
bonds at the interface will lead to an electronically quitebon environment, which is present in the interstitials between
different behavior than the contact to a crystalline surfacethe fullerene molecules. In general, Si atoms surrounded by
The parallel shift of the C4 core level, the HOMO and carbon atoms will be found at higher binding energies than
HOMO-1 peaks(see Fig. 2 is commensurate with a band those with solely Si neighborgbinding energy for SiC
bending induced shift. The Fermi level is pinned by the in-100.4 eV and for Si 99.4 e\*®> A simple geometrical con-
creasing number of Si clusters and in particular the Sisideration shows that only a few Si atoms can occupy the
dangling bonds at the interface. Please note that the valuésterstitials and be in contact with theg&molecules. The
inserted in the calculation only include numbers deduce@amount of Si atoms which has to be deposited to fill the
from the pristine materials and the final stage of the growthnterstitials(about 3—4 atoms per interstitial if they have pre-
process where effects which are cluster size dependent calominantly carbon neighborsorresponds to the amount
be excluded. The position of the Pixore level for the which was deposited when the slope in theBgi2ak posi-
a-Si layer on Gy and a thicka-Si layer on a different sub- tion started to level off0.03—0.04 nm nominal Si covergge
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and the concentration of the high-binding energy contribu-help to clarify this picture. The & can function as a tem-
tion becomes very small. Increasing the Si concentration gblate for the formation of regular cluster arraigsiperstruc-
the surface leads to the formation of more and more clustensireg of Si which can easily be expanded to 3D by sequen-
where Si atoms with predominantly Si neighbors are presential deposition or possibly codeposition ofand Si. The
which contribute to the low-binding energy component. After2p arrays could be exploited as “docking” points for organic
the formation of these very small clusters in the interstitialsmolecules, creating stable arrays for sensing or similar appli-
the cluster growth continues as more Si is deposited on thgations. A considerable advantage for this type of applica-

surface and the Si-Si b(_)nding env_ironm_ent begins to domizigns is the ease of deposition of the,Gurface as a tem-
nates. The larger half width and slightly increased asymme

g~ plate.
try of the low-binding energy component are commensuratg
with a larger range of bonding environments, and the pres-
ence of a variety of cluster sizes and shapes. The peak posi- CONCLUSIONS
tion is strongly dependent on cluster size which is due to
initial and final state effects which influence the photoemis- The deposition of Si on the highly corrugategyGurface
sion process. proceeds via cluster growth mode and presents a system
Due to the large excitation cross section @f @ the UPS  where the cluster nucleation is closely tied to the surface
spectra as compared to Si no information on the band strustructure. The photoelectron spectroscopy observation of the
ture and density of states of the Si clusters can be obtained itheposition process was combined with a numerical fit proce-
this experiment. Future investigations will employ synchro-dure applied in the analysis of the core levels and allowed us
tron radiation which allows to vary the photon energy andto distinguish between different bonding sites. The high car-
thus change the weight of the respective cross sections. Bothpn coordination site is preferred early in the deposition pro-
the UPS-VB spectra and the core levels were used to deteeess, the interstitials in thegg surface are apparently the
mine the valence band offset at the interface. preferred nucleation sites. In these sites the number of carbon
The results of this investigation support the model that theneighbors is maximized, in accordance with Marebsal 16
growth of Si clusters on the highly corrugated,Gurface  who predicted this to be the preferred environment for small
begins in the interstitials between thggyOnolecules. The Si clusters with less than five atoms. As the cluster growth
first small clusters form there and might serve as nucleatioproceeds the Si bonding environment gains in importance
centers for the subsequent cluster growth. The fullerene suand the intensity of the corresponding Si@eak rapidly in-
face functions as a template for this process and can mosteases. The absence of a SiC component in treesféctra
likely be used to create regular cluster arrays. These findinggxcludes a substitutional doping of the fullerene cage with
are supported by recent theoretical work by Marebsl1®  Si. The G can function as a template for the formation of
which indicates that the stability and shape of Si clusters inregular cluster arraygsuperstructurgsof Si clusters and an
contact with a G, molecule strongly depend on the size of expansion to three dimensional structures is possible.
the Si cluster. For cluster made of 5 or fewer atoms the From the XPS and UPS spectra the valence band offset at
bonding to the G, molecule is preferred over bonding to the interface of the resultar@-Si-Cq, heterostructure has
other Si atoms, for larger clusters the trend is reversed andeen determined and amounts to 1.2 eV. The UPS-VB spec-
Si—Si bonds are more favorable and stabilize the clusterdra confirm the absence of a charge transfer or directed co-
Interestingly recent experiments in our group with Au asvalent bonding between the Si adsorbate and the fullerene
adatoms indicate no preferential nucleation sites for this masurface. A certain degree of hybridization between Si aggl C
terials combination. Future experiments investigating(the  due to overlap between the Si cluster ang) ®Os agrees
cal) electronic structure and topography with scanning probavith the UPS-VB spectra and does not necessarily lead to the
methods and photoelectron spectroscopy with different phoappearance of new peaks but can be hidden in a slight peak
ton energies to promote emission from the Si clusters willbroadening and loss of MO degeneracy.
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