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A SrF» ultrathin barrier layer on Si(001) is used to form a sharp interface and block reactivity and intermixing between the
semiconductor and a Yoo 0 overlayer. Yhz09/5i(001) and Yha0531F2i5i001) interfaces grown in ulra high vacuum by molecular
beam epitaxy are studied by photoemission and x-ray absorption fine structure. Without the fluaride interlayer, Yho02/5i(001)
presents an interface reacted region formed by 510, andfor silicate compounds, which is about9 Athick and increases up to
14-15 A after annealing at 500-700°C. A unifarm single layer of SrFz molecules blocks intermixing and reduces the oxidized Si
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region to 2.4 A after deposition and to 3.5 A after annealing at 500°C. In hoth cases we estimate a conduction hand offzetand a
valence band offsetof ~ 1.7 eV and 2.4 eV hetween the oxide and Si, respectively. ¥-ray absorption fine structure measurements at
the b Ly, edoe suggest that the Yh oxide films exhibit a significant degree of static disorder with and without the fluaride barrier. Sr
K edge measurements indicate that the ulirathin fluaride films are reacted, with the formation of honds hetween Si and Sr; the
Sr=Srand Sr-F interatomic distances in the ultrathin luoride barrier film are relaxed to the bulk value.
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1. Introduction

The formation of interfaces between ultrathin oxide films with novel physical properties and silicon has recently attracted
considerable interest. Dielectric/semiconductor stacks find applications in many different devices, one principal example being the
metal-oxide—semiconductor field effect transistor (MOS-FET). Amorphous SiQ5 is certainly the most commonly applied insulator
in real applications. However, the progressive scaling-down of device dimensions calls forthe replacement of Si05 with other
dielectrics exhibiting new physical properties (e.g. a higher static dielectric constant k) [1]. The shrinking of device dimensions
also requires an accurate control of the interface region between the dielectric and the semiconductar. Itis well known that an
intermixed region of one 10 a few nanometres is often formed at the interface between the oxide and silicon, with variable
composition and stoichiometry. [tis thus increasinaly important to obtain a physical understanding of and to contral the atomic and
electronic structure at the interface, and to check for the thermodynamic stability of the systemn; an important goal in this field is to
obtain sharp interfaces hetween the insulator and the substrate [2].

one of the possible ways to obtain sharp interfaces is to use barrier layers. To cite a few non-exhaustive examples, barrier effects
hawe been observed for a SrO interface layer between Siand alkaline earth oxides [3] and SiTiO4 [4], but it was shown that this
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From the intensity ratio of the interface and bulk Si 2p components, Siinand Sipy, itis possible to evaluate the thickness of the
intermixed region [36]. The intensities of the two components are ohtained from the fitting of the experimental spectra with YVoigt
peaks (inset of figure 1(a)), centred at 99 5 eV (Bulk-FWHM 1.5 eV and at 102 5 eV (Int-FWHM 2.0 e¥). Assuming that the buried
reacted interface is uniform and using the calculated inelastic mean free path (MFP) values [25] of Si and Si0; for the substrate
and the interface layer, respectively, the thickness of this intermixed region is estimated to be about 9 A Applying calculated IMFPs
for a Yh silicate interface layer does not alter this estimate appreciably. It should be noted that, in general, thicker interface reacted
lavers (1-5 nm) were suggested far YheOs films prepared by the ALD method [11] and by reactive sputtering [32, 33].
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Figure 5. 20 He diffraction patterns spanning (&) arowth regime IV (0.7 2 ML coverage) and (b)) arowth regime ¥ (1.75 ML
coverage), hoth collected at 8= 58.2° The colar map is logarithmic. The unit cells, corresponding to the two possible suface
domains of (3 = 3HR12.5° symmetry, are represented by the solid lines in (). In (), the lower portion is experimental data,
whilstthe upper portion derives from a simulation, as discussed in the text
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Krastanov growth mode for SrFz can thus be assumed. It should be noted howewer, that due to high rate of malecular
re-evaporation fram the surface when this is held at 700-750°C during growth, the density of the Srfz islands does not increase
rapidly, even after prolonged deposition times. The surface continues to expose large portions of the uncovered, reacted wetting

lawer.

Data presented in figure 2 correspond to a single layer of SrFz deposited on clean Siheld at T00°C. The F 15 and Sr 3d
photoemission signals shown in figures 2{a) and ¢b) indicate the formation of the wetting laver. It can be noticed that the peak
positions on the interface layer are shifted to lower BE with respect to the bulk StF2 values (also shown for comparison in

figures 2{a) and (k). In paricular, the BE ofthe F 15 core level is shifted from 6859 £ 0.2 (bulk) to 684 + 0.2 eV ({int), as for the
case of CaFz/8i(100) [16]. Concerning Sr 3d, a unigue doublet corresponding to the 1.8 eV 3dap—3dse spin—orhit split
components is observed for the interface layer, with maximum of the Sr 3ds.z peak at 134.5 + 0.2 e¥ This is shifted by about 1.5 eV
with respectto the bulk level and itis ascribed haoth toinitial and final state effects in the photoemission process [19). The
obsered shifts can be considered as the evidence of the formation of the reacted wetting layer, with the dissociation of the SrfF2
malecules and with the Sr atoms honding to the substrate Si to form Si—-5r—F species
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The mechanical, electrical and chemical properties of
chemically modified graphene (CMG) are intrinsically
linked to its structure. Here, we report on our study ofthe
topographic structure of free-standing CMG using
atomic force microscopy (AFM) and electran diffraction.
We find that, unlike graphene, suspended sheets of
CMG are corrugated and distorted on nanometre length
scales. AFM reveals not anly long-range {100 nm)
distartions induced by the support, as previously
ohserved for graphene, hut also short-range
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