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N, bombardment of AlO; has been investigated by near edge x-ray absorption fine structure
spectroscopy. Two kinds of species were detected and were attributed to implanted nitrogen atoms
and nitride species. These results are discussed in relation to previous attributions in the literature
of these species to AINO and AIN. @001 American Vacuum Society.
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[. INTRODUCTION NEXAFS spectra of elemental atomic species of nitrogen

implanted in solids are typically characterized by sharp reso-
Low energy ion implantation in metal oxides has beennance peak&:'° So, in principle, their identification should

widely studied because of its fundamental and applied interbe easy since the spectra are characterized by narrow sharp

est for the preparation of thin films and other technologicalpeaks, in contrast with the broader structure of typical nitride

materials Nitrogen(i.e., N;) bombardment of metal oxides species.

has been reported to produce changes in stoichiometry by

substitution of oxygen by nitrogen ioRs. Typically, the

chemical state of this implanted nitrogen has been recogi. EXPERIMENT

nized as nitride species. Chei al*®° have recently reported

. C The XPS spectra of nitrogen implanted in,85 were
that more than one type of nitrogen species is formed Whepecorded on a Leybold—Heraeus LHS-10 spectrometer work-
Al,Oj3 is subjected to low energy (08E<2 keV) ion bom- y P

. ing in the pass energy mode at a value of 50 eV. ThekMg
bardme;nti Bas.ed' on the tblndlng er;?r(@ELvalfutehs of the line (hv=1253.6eV) was used as the excitation source. A
x-ray gholotenrlssm.n SpdefhrosiOpXFONpilaggg 4 03556 SP€- reference for the BE scale of the spectra was taken at 284.6
cies, Lhoiet al. assignec tnem 0 Al- ( ' _e\}_ eV for the CI peak of the carbon contaminating the
and Al-N (N 1s BE 396 e\j. The first type of species is

sample. bombardment in the energy range of €5
formed by low energy ion bombardmenE40.5keV), ple. Y : gy rang

, _ i <2 keV was carried with a Leybold—Heraeus hollow cath-
while both of them are formed &= 1 keV. Besides, a badly ode ion gun(IQP-10. Bombardment was carried out for 30

defined peak at 397.6 eV, which appears at intermediate val,; (total dose of 0.9 and 5:810%ions cni 2 for 0.5 and 2
ues of bombarding energy, is attributed to AI-N. Very re-LeV, respectively up to saturation of the N< signals. A
cently we have also reportgd'thesé ombardment pro- - y6rough XPS investigation of this;Nbombardment process
cesses in A,ng_.ﬁ Basically this is acon_tlnuatlon of previous -an pe found in a previous pagedfter preparation the
work by Bertotiet al.” on the same subject. In both cases Wesamples were exposed to air and stored without any special
have found by XPS a behavior similar to that reported byprecaution. Apart from an increase in the intensity of the
Choi et al. However, our interpretation of the higher binding ¢ 15 signal, no change in the shape of Ndignals or in the
energy peak substantially differs from that of those authorsye|ative intensity of spectrum components was detected by
After a careful analysis of XPS and ion scattering spectrosxps after several weeks of exposure to air. However some
copy (ISS) spectra in a similar ion implantation experiment, attenuation of the Alp, O1s, and N Is signals was ob-
in which peak positions, intensities and thermal stability ofserved, as expected from this surface contamination by car-
these species were considered, we proposed that the pegén. These samples were investigated by NEXAFS together
should be attributed to atomic nitrogen occupying latticewith other untreated AD; samples that were bombarded
and/or vacancy positions of an altered@4 network® Inthe  situ in the ultrahigh vacuun{UHV) chamber used for the
same paper the appearance of a smals(éak at 537 eV NEXAFS experiment. No noticeable differences in the shape
upon G bombardment was attributed to the formation of of the spectra were detected for tive situor in situ samples
similarly trapped species of atomic oxygen. subjected to nitrogen bombardment at the same energies, al-
With the aim of adding more support to this assignmentthough the intensity of the signals was slightly smaller in the
we have carried out experiments by x-ray absorption spedormer case probably due to contamination of the surface.
troscopy (XAS) by recording the near edge fine structure NEXAFS spectra at the N edge were recorded at the
(NEXAFS) spectrum of nitrogen implanted &); samples. PM-1 beam line at the BESSY Il synchrotron in Berl@er-
many). The photon energy was selected with a SX-700 plane
dElectronic mail: agustin@cica.es grating monochromator and the spectra were recorded by
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Fic. 1. XPS spectra of AD; surfaces modified by Nion bombardment.

total electron yield TEY) by measurement of the drain cur- Sgshotosoénergy(iw 420
rent through the sample or by channeltron detection. Except
for the background line, similar shapes were recorded for the Fic. 2. NEXAFS spectra corresponding to the two samples in Fig. 1.
spectra by these two methods of detection. Determination of
photon intensity at each energye., |, measurementwas
done by measuring the current with a gold grid placed insharp peak, together with a much broader signal, is detected.
front of the samples. Spectra are represented after dividinghis second signal is characterized by main maxima at
the samp]e Signa| by this reference signaL around 404 and 411 eV and is similar to the NNEXAFS

For NEXAFS analysis, the AD; samples consisted of spectra of nitride species reported in many metal nitride
thin films (thickness~0.5 um) of this material deposited System$' (Note that these energy values refer to the approxi-
onto a metal substrate by plasma enhanced chemical vapBtate position of the maxima and not to the energies of the
deposition(CVD). By XPS analysis either these thin film absorption thresholds and that, therefore, they cannot be di-
samples ow-Al,O; single crystals were used. In both casesrectly compared with BEs of photoemission peakSome
the XPS results obtained were quite similar. Thin film hints of a similar species can be also seen in the 0.5 keV
Samp|es were preferred for XAS studies because they pr§pectrum. A small concentration of a species of that kind
sented enough conductivity so to avoid undesired charging/ould agree with the appearance of a badly defined structure

effects and to enable drain current recording of the spectrabetween 400 and 396 eV in the photoelectron spectrum of
the 0.5 keV samplécf. Fig. 1). However, additional inves-

tigations are still necessary to properly account for these
[ll. RESULTS AND DISCUSSION small features.

Figure 1 shows N4 photoelectron spectra for nitrogen  Sharp resonance peaks of 1 eV width at theKNedge
implanted at 0.5 and 2 keV on D5 thin films. These spec- absorption spectra are not compatible with N-O species.
tra are equivalent to those previously reported by ChoiSpectra of absorbed NO on metal surfaces are characterized
et al*® and by ourselvésor a similar bombardment experi- by 7* and¢* resonances at400 and 412 e\¥? In nonori-
ment ona-Al,0O; single crystals. By low energy bombard- ented samples an average weighted intensity should be ex-
ment a Nk peak at 403.4 eV is the majority species de-pected for these two resonances, a situation that is not found
tected. Besides, a badly defined structure appears at lowar our experiment with 0.5 keV. NK edge spectra of mo-
BE. Meanwhile, by bombardment at the high energy, twolecular nitrogen adsorbed on metals have also been
peaks at 403.4 and 396.4 eV are clearly detected. In thigeported:*'* Two features at 401, sharp and intense, and at
second case the asymmetry on the high BE side of the 3964118 eV, broad and lesser in height, characterize this type of
eV peak still suggests the presence of minority species witlelemental nitrogen. The absence of any hint of this second
an intermediate value of BE. These two samples were thefeature at 418 eV in the spectrum of the 0.5 keV ion bom-
examined by NEXAFS spectroscopy and their correspondinpardment sample eliminates any suggestion that molecular
spectra are shown in Fig. 2. In the sample bombarded withitrogen can be the species that cause the sharp feature at
0.5 keV ions a sharp peak at 398 eV with a full width at half398 eV. Steric hindrance of the incorporation of such mo-
maximum(FWHM) of ~1 eV is the most noticeable feature lecular species within the aluminum oxide lattice is another
observable in the spectrum. This signal must have originatetkason to disregard it as responsible for the signal recorded.
from the same nitrogen species as that producing the N 1Thus, we attribute the sharp resonance line to atomic nitro-
photoelectron band at 403.4 eV. Meanwhile, in the XASgen species located in empty positions of the lattice. A simi-
spectrum of the sample bombarded with 2 keV ions thidar sharp resonance has been reported by Somamb. for
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