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Photoemission study of chemisorption of ¢, on InP(100)
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The growth mode and electronic structure gf, @olecules adsorbed on (0 were studied by x-ray
photoemission spectroscopy and ultraviolet photoemission spectroscopy as a function of coverage and anneal-
ing temperature. The Csl P 2p, In 4d core levels and the valence band photoemission spectra point to the
presence of a localized covalent bond between thentlecules and the substrate. No filling of the lowest
unoccupied molecular orbit derived bands was observed. The absence of any change in the surface components
of the In 4d core level upon g, adsorption indicates that the chemisorption bond exists between the fullerene
molecules and P atoms rather than betwegpnnlecules and In atoms. This assertion is supported by the
simultaneous desorption of bothygGand P upon annealing to 640 K and above.
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. INTRODUCTION of Cgo coupled with the growth of metallic indium clusters
when annealing temperature was increased to 640 K and
The growth of Gq films on many kinds of surfaces has above.
become a topic of great interest in recent yéaf$e inter-
action of G, with semiconductor surfaces, such as Ge, Il. EXPERIMENTAL

Si*~ and GaAs(Refs. 1012 has been the subject of in- g |nF100) samples were cut from polished wafers and
tense experimental investigation because of the potential ingere cleaned by a chemical etching treatmér®nce pre-
dustrial applications of these systems. The interactionggf C pared, samples were rapidly introduced into an ultrahigh
with Si is predominantly covalent and Str(fﬁ@ the vacuum (UHV) chamber at pressures below 5
substrate-adsorbate interactions tend to dominate the weak10 % Torr. The wafers weren-type InR100) (Sdoped
Ceo-Ceo interactions, and the molecules are immobile at roomwith n=2x 102" wafer thickness 40um; the reported re-
temperature(RT), forming structures with no long-range sistivity was 1.5<10 2 ) cm) purchased from Wafer Tech-
order>®? Moreover, the fullerene molecules do not desorbnology, Ltd. An In-terminated InP  (100)324
from the low-index Si surfaces even at 1000 K, while abovereconstructio~'® was prepared by performing several
this temperature they fragment to form a SiC filth’**Nor-  cycles of sputteringAr* ions, 0.5 keV beam energy, 4A
mally, the interaction of fullerenes with GaAs surfaces is sosample currentand annealing, until no impurities could be
weak that the fullerene-fullerene interaction dominates theletected by photoemission, and sharp low-energy electron
observed structure, resulting in the growth of a1dd) face.  diffraction (LEED) patterns characteristic of the clean sur-
Only in the case of the GaAs (0p14 X 2) As-rich surface, face were observe:® Photoemission spectra were ac-
a second “strained” fullerene structure is observed for whichquired with a SCIENTA SES-200 analyzer using Mgk
an ionic type of bonding has been suggested, stronger thamys and a helium-discharge lamp for core-levetay pho-
the bond formed with the other GaAs surfaé®d>'*Pho-  toelectron spectroscogXPS)] and valence-bangiltraviolet
toemission studies demonstrated thagy, @dsorption on photoemission spectroscopyPS] spectra, respectively.
GaAs did not affect As 8@ and Ga 8 core levels but let only The experimental resolution was 0.85 €/09 e\j for XPS
to a slight change of the width of the G level (UPS photoemission spectra. Binding energies for UPS
With respect to possible applications in devices, thespectra were referenced to the Fermi level of a Ta plate at the
InP(100) surface is also of major interest. To our knowledge,base of, and in electrical contact with, the sample holder.
however, no study has been made of the interactionggf C XPS binding energies were calibrated using the bulk ¢h 4
with InP(100). In this paper we investigate the nature of line employing the binding energy value obtained from the
bonding between adsorbeddand InP by means of photo- corresponding He Il spectrum.g&£was deposited from a
emission. We present a detailed analysis of the changes in thoroughly outgassed home-built tantalum cell onto the clean
1s, P 2p, and In 4 levels as well as in the valence-band surfaces. Fullerene deposition was carried out with the
spectra as a function of coverage and annealing. The resulssmple at room temperatut®T). During Gy, sublimation,
reveal evidence of covalent bonding between the fulleren¢he chamber pressure was maintained belowl8 ° Torr.
and InP surface, the existence of a preferential chemisorptiolhe G;/InP(100) monolayer coverage was defined as the
bond between g molecules and P atoms rather than be-saturation coverage left on the InP surface after annealing a
tween G, molecules and In atoms, and significant desorptionCs, multilayer film at 600 K’ Other coverages were de-
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FIG. 1. Fullerene coverage vs exposure time. 1 ML coverage _/\ T= 300K B36] qo0 -
was defined as the saturation coverage left on InP surface after 32

annealing a g multilayer film at 600 K. Other coverages were
deduced from the peak heights of theQihotoemission line rela-
tive to those of the In 8 level.
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Ill. RESULTS AND DISCUSSION ML

Figure 1 shows the relationship betweeg €overage and
evaporation time: it exhibits the typical three-dimensional

I 2ML
(3D) (Vollmer-Webej growth mode behavior. The same I \Ak
growth mode has been observed by STR&f. 10 for Cg 0N - .
GaAg110). Further information about the growth mode and s Q.65ML

26ML

Ceo-InP interaction can be gained from the € fghotoemis- T _Cleansufece

sion line. Figure £a) presents spectra for a range of cover- 5 p p 5 0

ages of Go on INR100. The insert shows the Cslpeak Binding Energy (eV)

position vs coverage. With increasing coverage, thesC 1

binding energy Eg) is shifted to higher binding energies. FIG. 2. (@ C 1s photoemission spectreh¢=1253.6 eV) for
The C Is binding energy for 0.65 ML is 0.34 eV lower than 0.65 ML and 1.13, 2, and 8 ML of ggon InR100). The inset shows
that for 8 ML, which is located at 284.65 eV. This shift is the relationship between Cslpeak position and coveragéb)
mainly due to reduced image screening for molecules in th&alence-band photoemission spectfa ¢ 21.2eV) collected for
multilayer!® In addition, the full width at half maximum 0.26, 0.65, 1.13, and 8 ML of g on InR100). The inset shows the
(FWHM) of the C 1s line at submonolayer coverages is in- HQMO and_HOMO-l peak position vs coverage; the error bars are
creased to 1.46 eV in comparison to a FWHM of 1.27 eV atvithin the size of the dots.

a coverage of 8 ML. An asymmetric line shape is observed

even above monolayer coverage resulting from the 3Dromparing valence-band spectra of 1.13 Mgy {P(100)
growth mode at room temperature—molecules in several inwith those of submonolayef0.26 ML, 0.65 ML and
complete layers are probed, the core hole in each layer exnultilayer (2 ML, 8 ML) films on the same substrate, as
periencing a different degree of screening and hence displaghown in Fig. 2b). Comparing submonolayer with
ing slightly different binding energi€S. A very small multilayer spectra, we notice that the position of the highest
broadening of~0.1 eV of the C & line was reported for § ~ occupied molecular orbitalHOMO) stays constant, while
adsorbed on GaA¥. Changes in the electronic structure of the HOMO-1 shifts to higher binding energies. This nonrigid
Cgo brought about by adsorption can be further assessed Hyand shift is a signature of chemical bond formation, in par-
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ticular hybridisation, between the substrate and adsorbed

fullerene molecules, although it is usually accompanied by (@)
significant extra broadenihg*® of the HOMO-1 related fea-
ture, absent in this case. P2p

To determine more about the nature of the substrate-
adsorbate bond we recorded P @ore level XPS spectra and
In 4d UPS spectra with different & coverages. Figure(8)
shows P » core levels for a range of coverages qf;©n
InP(100). The inset shows the Pp2peak of clean InP, and
with Cgq coverages of 0.65 and 8 ML, all normalized to the
same peak height after subtraction of the background. It is
clear from the inset that there is a small shift in line position
and corresponding change in line shape witjy €verage,
which can be associated with a shift of a surface-related
component of the P2 line. The three-dimensional growth
results in changes to the B 2ine shape even above a nomi-
nal 1 ML coverage. Figure(B) shows the line shape analysis
of the P 2 core level photoemission spectrum of 2 MlgC
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on INR100); this was fitted two mixed doublets and a Shirley 132 131 130 129 128 127

background. During the fitting procedure the spin-orbit split- s

ting was kept fixed at 0.86 eV and the branching ratio set to Binding Energy (eV)

0.52° The inset shows surface component peak position vs

coverage. With increasing coverage, the ° urface com- 1o ; (b)

ponent peak position shifts to higher binding energies. This B /

is indicative of a chemisorption bond betweeg, @olecules 50 [\ CeollnP(100)

and P atoms. et 4 T=300K
For In 4d UPS (hr=40.8eV) spectra, the line was fitted e 1 2ML

012345678 /

with three mixed doublets and a Shirley background. Surface Coeane (ML)

component3) is attributed to the In-P bond;"2¢?%while the
surface componett®) is still not uniquely assignetf:**Dur-

ing the fitting procedure, spin-orbit splitting was kept fixed at
0.86 eV: the branching ratios were 0.85igure 4a) shows

the line shape analysis of the Ird4hotoemission spectrum
(hv=40.8¢eV) of 0.26 ML Gy on INR100. The inset of Fig.

4(a) shows the binding energy of the surface comporiant

of the In 4d line as a function of g, coverage. It is clear that
there is no change in binding energy over the coverage range
studied nor after annealingpen circlg. The same observa-

1

Intensity(arb.units)

tion is made for the surface componé®t. This implies that x
there is no significant perturbation of the surface In atoms by |
the adsorbed £ and that consequently bonding is localized P SR e VNI

between the adsorbed;{and the surfac® atoms. —
The localization of chemical bonding between thg &nd 132 13 1_30_ 129 128 127 126

P is indicative of a primarily covalent interaction between the Binding Energy(eV)
adsorbed g, and the InPL00) surface—charge transfer in- L
teractions are generally delocalized and would be expected to 1';'563 63.V(a) . P2 | Corleoole\ﬁl Phomemss'on Splezltr"’h'(
perturbboththe In and P core lines contrary to our observa- cleaﬁ Iﬁp) aon dg\(/)v EE nF::(oveié eg g;sgtez ;r‘:‘és ée;iamithsg:ir.a
tions. The absence of appreciable charge transfer is reflect&g ' bo 9 ' o
. - grounds subtractedb) The P 2 core level photoemission spec-
in the valence band spectra of Figlbh Any transferred = .

h id h 0 b dated in th IItrum (hv=1253.6eV) of 2 ML G, on InR100. Experimental
charge wou ave lo be accommodated in the norma %pectrum(dotted ling was fitted to a Shirley background and two
empty t,, lowest unoccupied molecular orbital which can

. C mixed doublet components: buld) and surfacg2) components.
result in the presence of fullerene-related photoemission fedre jnset shows the surface component peak position vs coverage.
tures near the Fermi leveEg).?1?2Such features are notice-
ably absent from our valence band spectra at g}l @ver-  nealing to 640 K causes the core line to shift by 0.1 eV to
ages and under all annealing conditions used. lower binding energy, and further, a small narrowing of the

To follow changes in the adsorbeds{dayers upon an- C 1s line is observed. After annealing cycles at 600 and 640
nealing, we recorded CsIXPS after annealing at 600, 640, K, the ratio of C k& to In 3d peak height is found to be
690, and 740 K. The results are shown in Figp)btogether  unchanged, indicating that desorption of less strongly bound
with a spectrum from RT-grown 1.13 MLgg/InP(100). An-  molecules cannot account for the narrowing of theide.
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FIG. 4. (a) The In 4d photoemission spectruni ¢=40.8 eV) of

0.26 ML Cgg on InR100). The experimental spectrutdotted ling FIG. 5. (a) Cls photoemission spectrd¢=1253.6 eV) of G

was fitted to a Shirley background and three mixed doublet compoen InP as deposited at RT and after various annealing steps. Also
nents: bulk(1) and surfac€2 and 3 components. The inset shows plotted, for comparison, is the Cslspectrum of 1.13 ML g,/InP

the indium surfac€3) component peak position vs covera@®, in (100 before annealing(b) Valence-band spectrah{=21.2 eV)
comparison with that of 1 ML of g on INR100 after annealing at  collected for G, on InA100 as deposited at RT and after various
600 K (O). (b) The In 4d photoemission spectrunh¢=40.8 eV) annealing steps. Spectra from the clean surface and a coverage of
after annealing to 740 K. The experimental spectigotted ling 1.13 ML Gg,/InP (100 before annealing are plotted for compari-
was fitted to a Shirley background and four mixed doublet compo-son.

nents: bulk(1), surface(2 and 3, and metallic indium4) compo-

nents. shown in Fig. %b), together with a spectrum from RT-grown

1.13 ML Gg/InP(100) and a spectrum from the clean
Therefore, the narrowing probably arises from changes ifnP(100 surface. Annealing to 640 K causes HOMO peak
adsorption state and or better ordering of the fullerene molposition shift by 0.3 eV and HOMO-1 shift by 0.1 eV
ecules in the film. These changes are reflected in the valendewards higher binding energy. After annealing to 690 K,
band UPS spectra from the same surfaces. The results asabstantial desorption of carbon is observed and the ratio of
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C 1s to In-3d peak height is reduced by about one third. phosphorous. Normally, isolated P behave; as an electron
Further broadening of the valence band features is observednor and G as an acceptor. If a P-P dimer is formed on the
at this temperature with the fullerene-related signal superiml"P(100 surface a dangling orbital is present, or for the
posed on a strong background from the InP surface. case of the In-P r_mxed dlmer(a-llkg bé)sndlls formed. by in
It is found that, with increasing annealing temperature toPlane Insp? hybrids and a B orbital*® Since we did not
640 K, there a small metallic component in the Id dore ~ Observe any significant changes in the bh surface compo-
level photoemission spectrum appears, which indicates th@ents ywthln our resolution, there is a strong possibility that
presence of metallic indium clusters. Previous work on sputP-P dimers are present on the InP(g@x4) surface.
tering of |nP(Ref 23 shows a similar component which However, |t is also pOSSlbl@lthOUgh Unlik9|y given the lack
arises due to the preferential sputtering of phosphorou®f change in the surface components of the thlide) that
Thus, the metallic indium component is a characteristic sigthe adsorption of g may lead to a new surface reconstruc-
nature of phosphorous desorption from the(m) surface. tion which involves the presence of surface phOSphorOUS
The intensity of metallic indium component rises with in- dimers. Further experimental investigations are necessary to
creasing temperature, while intensity of both €dnd P 3 fully resolve this issue.
peaks falls. This indicates thatz&and phosphorous might
desorb together from the surface and thus this could be a IV. CONCLUSIONS
further support for the conclusion that bonding betweggp C
and InR100) is mediated by covalent bonding with surface P In conclusion, we have found thaggnolecules adsorbed
atoms, the surface In atoms playing a passive role. Figurén INR100) at room temperature form a chemical bond with
4(b) shows the In 4 photoemission spectrum hg the substrate, but without any observable charge transfer into
=40.8eV) after annealing to 740 K. The experimental specthe lowest unoccupied molecular orbitalUMO) of the Gy
trum (dotted lin@ was fitted to Shirley background and four molecule from the substrate. The resulting covalent bonds
doublet components: bulkl), 2 surface(2,3), and metallic ~ are localized between thegCmolecules and surface phos-
indium (4) components. The metallic In component is clearlyphorus atoms. This assertion is supported by evidence from
visible and is at a different binding energy to the surfaceannealing experiments which show simultaneous desorption
component(2), enabling a clear differentiation between the of carbon and phosphorous. Careful analysis of thcbre
two In species® level spectra indicate that there is no detectable interaction
In the literature there is still considerable debate aboubetween the g and surface In atoms, suggesting the pres-
reconstruction models for the In rich ¥24)InP(100) sur- ence of P-P or mixed In-P dimers in the surface reconstruc-
face, since it has been found that there is no direct analogy téon of the substrate.
GaAq100 (Ref. 15, and references thergitt has recently
been sqgges;tgsd on the basis of STM stuéféstotal energy ACKNOWLEDGMENTS
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