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Microstructure of the a-Al,O4(1120) surface
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The microstructure of tha-AI203(11§O) surface has been investigated by means of He-atom scattering
(HAS), low energy electron diffractioGLEED), atomic force microscopy, and x-ray photoelectron spectros-
copy. Heating the samples at 1600 K in air results in atomically smooth surfaces which are, however, covered
by a carbon layer. No diffraction pattern could be obtained for these contaminated surfaces. Additional cleaning
by sputtering and annealing under UHV conditions yielded highly ordered surfaces characterized by a well
defined (1x 1) diffraction pattern in HAS and LEED. Annealing above 1400 K caused a structural transition
to a (12<4) phase, which is characterized by an ordered arrangement of oxygen vacancies. At room tempera-
ture the surface was found to be unreactive with regard to molecular and, surprisingly, atomic hydrogen.

DOI: 10.1103/PhysRevB.65.115401 PACS nuniber68.35.Bs, 68.49.Bc, 68.03.Hj

I. INTRODUCTION The above summary of previous results demonstrates that
despite numerous technical applications a coherent picture of

Sapphire ¢-Al,03) constitutes an important substrate for the microstructure of the AD;(1120) surface has not yet
a variety of electronic devices produced by heteroepitaxyemerged. This lack of consistency is in part caused by the
such as wide-gap semiconductaies.g., GaN based blue- experimental difficulties to characterize such insulator sur-
light-emitting dioded), radiation-hard devicegbased on faces with the standard surface science techniques most of
silicon-on-sapphire technology or magnetic tunnel junc- which employ charged particles.
tions(e.g., TMR elemenis’ Whereas the epitaxial growth of Here we report the results of a structural characterization
metal films on oxide substrates is usually hampered by thgt the ALO,(1120) surface using He-atom scatterifigAS)
large lattice mismatch between metal and oxide, heteroephng |ow energy electron diffractiofLEED). In addition
taxial metal films on sapphire have been prepared by utilizaiomic force microscopyAFM) and x-ray photoelectron
ing thin refractory metal filmse.g., Nb, Ta, or Mpas seed  spectroscopy(XPS) were employed to control the surface
layers since they grow in an epitaxial fashion on severahorphology and cleanliness. XPS was also used to monitor
sapphire surface$. In particular, using thet plane of sap-  the stoichiometry of the surface. Particular important for the
phire [i.e., Al,05(1120)] provides thus the preparation of present experiments is the use of He-atom scattering, since
almost single crystalling110) oriented bce buffer layefs here the probe particle is electrically neutral and thus well
which then in turn serve as substrate for the growth of othesuited for an investigation of the surface structure of insula-
metals® Sapphire surfaces are also of interest in connectiotors (e.g., NiO, ZnO, diamond29. The absence of any
with heterogeneous catalysis where sapphire constitutes gharging problems in HAS and the fact that radiation damage
widely used support for catalysts. can be safely excluded for the thermal energy He atoms al-

Previous studies have shown that very smooth, atomicalljows one to record high resolution diffraction patterns which
flat sapphire surfaces can be obtained by polishing and sulgan be used to check for artifacts in the corresponding LEED
sequent annealing in air at temperatures between 1000 amihta. Moreover, the high sensitivity of HAS towards ad-
1400°C8 1 On the other hand, the appearance of varioussorbed H-atoms allows to precisely monitor the adsorption of
surface reconstructions has been reported for a number bfdrogen at surfaced 23
different sapphire surfaces in this temperature redihéin

case of the AIO;(1120) surface Susniztky and Carter ob-
served weak extra spots in transmission electron diffraction

pattern$® indicating a (2<1) periodicity whereas a stable  The present experiment was carried out in three stages.
fourfold reconstruction along tH@®001] direction was found  First, the surface topography of the sapphire samples was
by Hsu and Kim in a reflection electron microscopy study forcharacterized under ambient conditions using a Digital In-
the same sapphire surface after annealing ifi*ditEvidence  struments(MultiMode) AFM operated in contact-mode. A
for the latter structure was also obtained in a hlgh reSOlUtiO%econd set of experiments was performed with a UHV sur-
UHV atomic force microscopy study by Beitet al” In con-  face analysis apparatus with a load-lock system for sample
trast to these results a low energy electron diffractionntroductiorf* allowing for a XPS characterization of
(LEED) study by Chang indicated the presence of a perfeckamples prepared under ambient conditions. This instrument
(1X1) structure of the AlO;(1120) surface. Only after is further equipped with a microchannel plate LEED system
heating above 1400°C a complex, incommensurate recofOCIl) which makes it possible to record LEED patterns us-
struction has been observ&dln more recent work the for- ing currents as low as 50-100 pA/rim

mation of a (1 4) superstructure after similar annealing In addition, three samples were installed in a He-atom
conditions has been reported by Schildbach and Hadthza. scattering apparatus, which has been described in detail

Il. EXPERIMENTAL
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0 25 500 750 1000 FIG. 2. XP spectrum of the clean £;(1120) surface prepared
% [k by sputtering and heating at 1200 K. The inset reveals thep@hk

from contaminations as observed after annealing the sample in air

FIG. 1. AFM image of the AIO; (1150) surface(scan size : s . .
. . thout addit | tt . Both
1000 nnx 1000 nm) taken after heating the sample in air at 1600WI out additional sputtering. Both curves were recorded with a Al

K for one hour. The line scafA—-B) reveals the appearance of anode at room temperature.
distinct monoatomic, biatomic, or triatomic steps.
of 2.4 A between the (11®) oxygen planes in the bulk and

elsewheré&?® Basically, the apparatus consists of a nearly mo-hence are attributed to monoatomic, biatomic, and triatomic
noenergetic beamAE/E~2%) of thermal energy15—-80  steps.
meV) He atoms (corresponding to wave vectors d As shown in Fig. 2 XP spectra recorded for samples
=5.3-12.4 A1), which is directed at the surface and the heated in air revealed the presence of significant carbon con-
scattered atoms are detected at a fixed total scattering anglminations which correspond to an average carbon film
of 6sp=90° with respect to the incident beam. Rotating thethickness of about 2 to 4 A. Attempts to obtain a LEED
sample about the axis perpendicular to the scattering plangattern for these samples were not successful. Only a diffuse
allows the recording of He-atom diffraction scaf@gular background signal was observed. Since the carbon contami-
distributions with a wide range of accessible parallel mo- nations could not be reduced noticeably by further heating
mentum transfersAK =k;[ sin(6sp— &) —sin(6)], where 6; under UHV conditions the samples were additionally cleaned
denotes the angle of incidence with respect to the surfacky repeated cycles of Ar sputtering(1 keV) at elevated
normal. temperatures {800 K) followed by annealing at 1150 K

Both UHV instruments are equipped with an Ar-ion sput-for 10 min. After this procedure clean sapphire surfaces
tering source and a sample heater for additional sampléwithout any contaminations above the XPS detection Jimit
preparation. To ensure a homogeneous temperature distribwere obtainedsee Fig. 2 These surfaces showed a sharp
tion and to prevent thermomechanical stress during heatin¢fl X 1) LEED pattern as depicted in Fig(l8. For clarifica-
the sapphire samples were mounted on a tantalum plat@®n also the reciprocal lattice and a top view of the ideal

which was heated from the back by means of electron bombu“( truncated MOg(llEO) surface are shown in F|95(3’
bardment. The sample temperature was measured by a thejid) together with the relevant crystallographic directions.
mocouple which had been thoroughly calibrated at high temsince the contrast of these LEED patterns was strongly af-
peratures with a pyrometer. The accuracy of the absolutgected by charging problems resulting in an enhanced back-
temperatures given in this paper amountst0 K. ground signal(especially at beam energies below 120) eV
In total four different ApO5(1120) samples(MaTeck  high resolution He-atom scattering was applied to character-
were investigated during the course of the present experize the surface structure in more detail.
ments. All substrates were oriented to withir0.2° of the In Fig. 3(@ we present two typical He-atom angular dis-
desired orientation and then polished mechanically. tributions recorded for the two high symmetry azimuth di-

rections of a AJO5(1120) surface using a sample that was
prepared in the same way as for the LEED study. The narrow
specular peakat AK=0) and the sharp diffraction peaks
Following the preparation procedure that has been estalirdicate a very high degree of lateral order of the surface. An
lished in previous studiés®the sapphire samples were first analysis of the widths of the diffraction peaks yields a coher-
heated in air at 1600 K for about one hour. The subsequergnce length of 250 A. By systematically varying the anneal-
AFM measurements confirmed the formation of a verying conditions we found that the highest structural quality as
smooth surface. As shown by the typical AFM topographevidenced by the most intense and sharpest diffraction peaks
presented in Fig. 1 after this first preparation step the surwas obtained after heating to 1150-1200 K. A closer inspec-
faces consist of extenddd00—-400 nny, atomically flat ter-  tion of the HAS angular distributions reveals the presence of
races which are separated by steps with heights of 2.5 A ansmall additional satellite peaks beside thex(ll) diffraction
multiples. These step heights are consistent with the distanqeeaks. Attempts to reduce the intensity of these peaks by

Ill. RESULTS
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"(I — 1 ! <] oz FIG. 4. (a) He-atom angularEistLibutions recorded at room tem-
(:X;X? e o A* perature along th€¢1100] and[1101] azimuth directions for the
”I‘, reconstructed AlO5(1120) surface(b) Corresponding LEED pat-

—— _" d) tern taken aE=134 eV. Note, that the spheric image distortion is
[1100] caused by the planar microchannelplates of the LEED system.

__FIG. 3. () He atom angular distributions along the001] and  this (12< 4) phase. For comparison the corresponding LEED
[1100] azimuth direction for the nonreconstructed,@4(1120) pattern is shown also in Fig(H). Due to out-of-phase con-
surface together witlib) the corresponding (£1) LEED pattern  ditions not all superstructure peaks are visible in the electron
taken atE=272 eV and(c) the reciprocal lattice showing also the diffraction pattern. Moreover, the above mentioned charging
unit cell (gray rhombusand various crystallographic directiod)  effects caused a substantial blurring of the spots which lim-
Top view of a hard-sphere model of the morphology of the unre-ited the lateral resolution and thus make a conclusive deter-
constructed sapphire lattice. The small black and large gray circlegyination of the superstructure unit cell solely based on
denote the A1 and &~ ions, respectively, where the brightness of LEED rather difficult.

the latter circle; indicates the dif‘fere_nt layers. The surface unit cell |, 5rder to further characterize the new superstructure and
(black rhombusis formed by two basis vectors of 8.24 and 5.12 A 1, check whether its appearance is related to a surface facet-
along the[1100] and[1101] directions which form an angle of ting which has been observed before on a@(0001)
58.5%. surfacet®2%27additional angular distributions were recorded

further optimizing the annealing conditions failed. Upon fur- fOr @ wide range of incident wave vectors between 5.3'A
ther increasing the annealing temperature these addition&l5 meV) and 9.0 A" (42.4 meV along the[1100] and
diffraction peaks became more intense until finally afterl 0001] azimuth directions. Figure 5 summarizes the obtained
heating at about 1500 K for 3 min a new, highly ordereddiffraction peaks for th¢ 1100]-azimuth direction where for
phase developed. all diffraction peaks the elastic perpendicular momentum
As shown in Fig. 4a) this phase reveals additional dif- transfer, Ak, =k;[cos@sp— #)+cos@)], were plotted versus
fraction peaks along th€1100] azimuth direction. Their the momentum transfer parallel to the (D)2planeAK. Itis
separation amounts to 0.19 A, thus revealing the presence evident that all diffraction peaks are located on Bragg rods
of a 12-fold superstructure along this direction. Additional gjong the[ 1120] direction forming a 12-fold superstructure
angular distributions recorded for the other high-symmetrygashed lineswith respect to the unreconstructed surface.
directions revealed a fourfold superstructure along therhe absence of any additional sets of tilted rods effectively
[1101] azimuth and a 12-fold superstructure along therules out a surface facetirfg.Similar results were obtained
[000]] azimuth. The width(FWHM) of the according dif- for the [0001] azimuth direction(data not shown Also
fraction peaks yield a coherence length of about 210 A formlong this direction all diffraction peaks were located on
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FIG. 6. Reciprocal lattice of the (224) superstructure of the

"g 1 reconstructed ,0203(1150) surface together with the corresponding
2 unit cell denoted by the gray rhomb. For comparison also the unit
é cell of the unreconstructed surface is shoashed rhombus
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3 ratug can therefore safely be excluded. The reflectivity data
14

are fully consitent with a flat surface, in full agreement with
the AFM data(see above
In summary the present HAS measurements demonstrate
FIG. 5. (a) Parallel and perpendicular momentum transfer of allthat the sapphire surface forms a well definedX#2 recon-
diffraction peaks obtained in the He-atom scattering angular distristruction upon annealing at 1500 K in vacuum. A significant
butions for various incident wave vectors along fid00] azimuth ~ @mount of surface faceting can .be safely excluded.
direction of the reconstructed AD;(1120) surface. The black and To correlate the surface stoichiometfiye., the relative
gray circles denote the intense and weak diffraction peaks, respe@Xygen contentwith the appearance of the (¥2) super-

tively. The kinematic of HAS is sketched in the lower part, showing Structure XP spectra were recorded after the annealing to
the incident wave vectdk; and the momentum transfer of all dif- different temperatures. In following a previous XPS analysis

fraction peaks accessible during an angular distribuilonSpecu- by Richmond® the oxygen concentration was evaluated from
lar intensity measured during a controlled variation of the incidentthe ratio of the O & and Al 2p peak areas. In the analysis
He-beam energy16—73 meV plotted as a function of the perpen- the atomic sensitivity factof$and an energy dependent es-
dicular momentum transfer. cape deptff were considered. A spectrum obtained for a
clean sapphire surface which had been sputtered for about 8
Bragg rods forming a 12-fold superstructure with a separah without annealing was used as a reference. Additional XP
tion of 0.12 A~ ! and thus provide no evidence for faceting. spectra recorded after annealing to temperatures up to 1100
An additional important piece of information on the sur- K (see Figs. 2 and)&did not show any noticeable changes
face structure is obtained from an analysis of the dependenayeither in the peak shapes nor in the ratio of the<Caad Al
of the specular peak intensity on the perpendicular momer2p peak ratios. For higher annealing temperatures above
tum transferl y(Ak, ), which was recorded during a linear 1200 K a slight decrease of the oxygen to aluminum ratio
increase of the beam energy with tife calleddrift spec- was observed, indicating a removal of oxygen atoms. This
trum). If a surface contains a significant amount of terraceoxygen to aluminum peak ratio reached a minimum after
with a width less than the transfer width of the apparatus andnnealing at 1500 K, the temperature where the diffraction
separated by distinct steps of heightthe I4(Ak,) curve data indicated that the transition to the ¥2) phase was
shows equidistant maxima resulting constructive interferenceompleted. The quantitative analysis of the corresponding
between He atoms scattered from neighbored terraces. ThéP spectra(shown in Fig. 7 yields an oxygen depletion of
distance between the maxima  amounts  toabout 6.7 1.2% compared to the reference sample. The ini-
Ak, =n27/h.181925 A5 shown in Fig. ) for the present tial (1x1) phase with the ideal stoichiometry could be re-
saphire surface the specular intensity only shows a monotastored by sputtering the surfa¢g h at 800 K and subse-
nous decrease due to the decreasing He flux with increasirmguent annealing at 1200 K.
source temperaturevhen operating the source at constant Additional HAS measurements were carried out to char-
pressurg The presence of a significant amount of terracesacterize the vibrational properties of the unreconstructed (1
with width less than 400 Athe transfer width of the appa- x1) surface. For surface temperatures between 300 and
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5 T T T T T T 5 filament at a distance of about 5 cm from the specimen after
& 013 (1x1) 013 (12x4) backfilling the UHV chamber with K at a pressure of 1
e al P X 10" ® mbar while keeping the sample at room tempera-
o ture. The simultaneously recorded specular peak intensity re-
s vealed no variation during an exposure time of as long as
=37 13 1000 s for both surface structures, thex(1) and the (12
c X 4) phase. Moreover, the He-atom angular distribution re-
2 corded before and after this exposure were virtually identical
c 2} {2 S : . .
= and thus indicate that no chemisorption of atomic or molecu-
_02’ lar hydrogen had occurred at room temperature on the
w 1} 11 Al,05(1120) surface.
i

0 . . . . . . 0

528 532 536 528 532 536 IV. DISCUSSION
Binding Energy [eV] The results of the present study confirm earlier findings

that highly ordered and very smooth sapphire surfaces can be
FIG. 7. XP spectra of the Gilpeak for the clean (1) and  readily prepared by heating of well oriented samples in am-

(12x 4) reconstructed AD;(1120) surface. The peak intensity is bient at elevated temperatuf&s® Our XPS data, however,
given relative to that of the Alg peak. demonstrates that these samples are covered by a carbon

contamination layer with an average thickness of several A.
1200 K an exponential decrease of the specular peak interrhis contamination layer was found to be rather stable, the
sity with increasing temperaturee > was observed. A carbon signal remained unchanged even after heating in
quantitative analysis of this data recorded for a beam energyacuum to temperatures as high as 1200 K. In order to re-
of E=26 meV yielded a Debye-Waller factor oM2=9.2  move the contamination layer it was found necessary to sub-
x10~* K~1. Since He atoms couple predominantly to theject the substrate to prolonged ion etching. In previous stud-
perpendicular displacement at the surface, a good approXies it has been reported that also heating in vacuum to higher
mation for the Debye-Waller exponent at high temperaturesemperature$1600 K) can be used to remove the carbon
(i.e., T>0p) is given by adlayert”?8 |t has to be noted, however, that at these tem-

peratures already the (¥21) reconstructed phase forms.

After cleaning the AJO;(1120) surface by sputtering
ideally terminated (X 1) surfaces could be prepared by an-
_ . ; nealing to 1200 K. For such surfaces high quality HAS and
where®p is the surface Debye temperatuke, andk; are | EED iffraction patterns were obtained. Increasing the an-
the pesrfer)dlcular components of the incident and final wav@ea|ing temperature further caused a gradual reconstruction
vector™” Since the scattered He atoms excite almost exclupf the surface which was completed after heating to 1500 K.
sively acoustic phononévhere the metal and oxygen ions From high resolution He angular distributions recorded along
within a unit cell move in phase the effective substrate yarious azimuthal directions this phase could be unambigu-
massM is set equal to the total mass, +Mgo. With this  gysly identified as a (124) superstructure. Additional an-
approximation a surface Debye temperature of 606 K is obyy|ar scans taken for a number of different incident energies
tained. Note, that in case of an attractive potential well neagemonstrate that this (324) phase is not related to any
the surface the effective perpendicular components of thgyface faceting. The formation of a (£2) superstructure
wave vector increase according to the Beeby correttion on the Abog,(llEO) surface has also been observed in a

K, K= k2 T 2mD/AZ. previous LEED study by Schildbach and Han’r_ian con--
trast to that this structure was not observed in a previous

Assuming a potential well depth in the order @ LEED study by Chang. Instead a LEED pattern consisting of
~10 meV, a value that has been obtained for various meta superposition of two Bravais lattices was reported, neither
oxide surfaces® yields a corrected surface Debye tempera-of which was simply related to the 1) structure'® An
ture of 806 K. This value corresponds to about 78% of theanalysis of our own LEED measuremerisee Figs. 3, #
bulk Debye temperature of sapphir&®* Such a reduction of reveals that a reliable determination of the unit cell for the
the Debye temperature at the surface as compared to the bulkconstruction on the basis of the electron diffraction results
has been observed in several other c&sesd is generally alone is rather difficult and prone to missassignment, mainly
attributed to an enhancement of the root mean square disaused by effects related to charging problems.
placements of the surface atoms which is expected to be in The present XPS data revealed a small but distinct reduc-
the order ofy2 3® tion of the Ol peak intensity relative to that of the A2

In a last set of experiments the high sensitivity of HAS peak when heating the samples in vacuum above 1200 K.
towards adsorbed H atoAts?®was used to monitor the ad- This finding is in agreement with previous results by Chang
sorption of hydrogen on this sapphire surface. The exposuret al. and Richmoncet al1®?® Schildbach and Hamza, how-
to atomic hydrogen was carried out by placing a hot tungsterver, on the basis of their results from Auger electron spec-

3h2(kL+k{)?

2W .
Mkg®2

115401-5



TH. BECKER, A. BIRKNER, G. WITTE, AND CH. Wa@L PHYSICAL REVIEW B 65 115401

Al 03(11 0) [0001] Fig. _8(deno'Fed by “AFM”). The _simplest model which is
[1101] consistent with the AFM observations, the loss of about 50%
_ of the surface oxygen atoms and the X2) unit cell found
[ 1} 00] in the diffraction experiments is depicted in Fig. 8. Whereas
S — — — — — — = the individual “quasiunit” cells obtained in AFM are incom-
’ mensurate with respect to the substrate they form a higher
% order periodic (1X 4) structure. Attributing the depressions
’ obtained in the AFM data by Beitet al® to missing oxygen
’ rows leads to the structural model presented in Fig. 8. This
/ model proposes an reduction of oxygen atoms by 45%,
y; which is fully consistent with the value of 50% found in our
’(12x4) XPS data.

The proposed structural model is also in agreement with
the previous observation of a 1.7 nm periodicity along the
[000]] direction in a reflection electron microscopfigEM)
study*1° Since the “quasiunit” cells observed by AFM are
strictly periodic only along th¢0001] direction but reveal a
statistical variation along the other direction they do not form
a strictly periodic unit cell and thus do not give rise to su-
perstructure diffraction peak. The absence of any additional

FIG. 8. Ball model of the (12 4) reconstructed AD;(1120)  periodic structure along thgl100] direction in REM may
surface, of which unit cell is given by the black dashed rhombus. Assccount on the limited surface sensitivity of REM as com-
in Fig. 3(d) the small black and large gray circles denote th&"Al  pared to LEED or HAS. Finally, we note that for simplicity
and G~ ions, respectively, where the brightness of the latter circleshe proposed structure model in, Fig. 8 does not consider any
indicates the different layers. Moreover, a rectangular unit cellsface atom relaxation which is certainly anticipated. In par-
(white rectanglg of the reconstructed surface is plotted togetheryic oy 4 local rearrangement of the aluminum sublattice such
\l;wt.Td.theb(llxkl(l) tl,m|ltdCE” %:hl\ge S”ed rgqmbuss apd a ﬁ.eﬂ(’d'c as a small rumpling is expected to compensate for the re-
|uL':iI0r:n§FMoZtu di/ (ng g)y ODServed in a previous g reso- ;064 coordination upon oxygen depletion at the surface.

e Such effects have been reported for the stabilization of de-

: fects at oxide surface¥.
troscopy(AES) (Ref. 17 ruled a preferential loss of oxygen X
out. Although we do not know the reason for this apparent  Compared to the ideal bulk truncated X1) surface
discrepancy to our and previou$PS work we would like to  Which is depicted in Fig. @) the (12<4) reconstructed sur-
note that electron induced damage of the surface was rdace shows only a rather small increase of the surface corru-
ported in these AES studies. In contrast to AES in the preseration. The regular arrangement of oxygen vacancies, how-
XPS measurements any beam damage can be safely g\_/er, may serve as a network of periodic nucleation centers

cluded since the effective currents are several orders of mad" (réfractory metal deposition. Indeed, our preliminary re-

nitude smaller than those used in AES. Considering the ob2Ults on the growth of niobium on that surface provide evi-
served reduction of the relative ®o Al2p intensity of dence for an enhanced wettability of the reconstructed sur-

6.7% and using a mean free path\of 14.6 A for the OB face by these metals. A more detailed discussion of these
electrons in A0, (Refs. 36, 37 we yield a reduction of O results will be presented in a future publication.

atoms in the first layer of about 50% for the (42) phase Although sapphire has found numerous applications as a
relative to the (% 1) phase support in heterogenous catalysis for different reactions, in-

The size of the (124) unit cell amounts to 32.9 A cluding(de)hydrogenatign o(de)'hydratio'n reactions,.a gen-
— ; eral consensus on the interaction of this surface with hydro-
along [1100] and 52.3 A along thg 0001 azimuth as gen has not yet been achieved. This fact is in part related to
show_n in I_:|_g. 8. As_ regards_the microstructure, e, theexperimental problems in detecting hydrogen atoms ad-
atomic positions within the unit cell, only few suggestions

) : sorbed on a surface. In early microbalance experiments on a
have been reported. In the following we will develop a de-p,\mper of differently oriented sapphire single crystal sur-

tailed structural model for this surface based on the availablg, -o¢ 4 distinct adsorption of molecular and atomic hydrogen
data. _ at temperatures below 900 °C has been repditédbreover,

In a previous high-resolution AFM study of AD;(1120)  the presence of hydrogen on the,@®(0001) surface was
samples annealed in UHV by Beitet al® periodic depres- demonstrated using ion-scattering experiméht& other
sions running along thel100] directions with a periodicity — studies, in contrast, no evidence for hydrogen adsorption on
of about 1.7 nm in thg0001] direction which have been sapphire surfaces was fouftd.
observed. These depressions were related to missing rows of The present HAS measurements demonstrate that for the
oxygen atoms. Moreover, they were able to resolve an addiwo different (IX1) and (124) phases of the

tional corrugation along thgl100] direction with a period- AI203(11§0) surface at room temperature no noticeable
icity of 1.1 nm leading to a “quasiunit” cell as depicted in structural change takes place upon exposure to hydrogen.
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Even exposures to atomic hydrogen did not lead to a signifi- V. CONCLUSIONS

cant reduction of the specular HAS intensity. This behavior ) ) —

is in contrast to other insulator surfaces such as diamond !N Summary we have investigated the (Dj2surface of
C(111) and the polar Zn-terminated surface of Z000Y), sapphlre using a variety of dlffere_:nt surface_ sensitive _tech-
where the adsorption of hydrogen atoms could be readil)'{j"ques' The results obtained by high resolution scatt_erlng of
detected with HAS??3 The present failure to detect the ad- ¢ atoms(HAS) demonstrates the presence of two different
sorption of hydrogen atoms on this surface thus indicates Bh?ses dOf tT)'S surfballce. The ideally termlnateikzaé)os;rface .
lack of reactivity towards H atoms. Another explanation, of'® ﬁ_unh to be stable to templerat_ures up to 1 - Heating
course, could be that the surface was already terminated igher temperatures resutts in a transition to a recon-
H atoms. We feel, however, that we can rule out the latteP'ucted surface with a (324) unltﬁcell, thus confirming
explanation since previous work on the similap®4(0001) eaglsle(; f|nd|n%s obtaw:_ed Lr_orrr: LEEl ._On;\rII:eMbamg of our
surface has indicated a substantial loss of H-atoms from th& ata and an earlier high-resolution study we pro-
surface when heating to temperatures of 1104®Since in pose a st(uctural model for the reconstructed surfa_ce wh_|ch is
the present case the surface was heated to substantiaﬁg""r"’mterlzed pyarggglar array of oxygen vacancies, with an
higher temperatures at least the Kl2) surface has to be ©XY9en reduction within the top layer of about 50%. Both
free of H atoms. When comparing these results to those olthases of the AD;(1120) surface are found to be unreac-
tained by Ahnet al*° for the differently oriented sapphire tive towards molecular and, surprisingly, atomic hydrogen.
(000 surface one has to take into consideration that despitBreliminary results indicate that the growth of niobium films
the high sensitivity of ion scattering towards hydrogen subn this surface can to some extent be modified by starting
surface H atoms cannot be distinguished from H atoms adrom differently prepared surfaces. A more detailed discus-
sorbed on the very surface. In HAS, on the other hand, subsion of these results will be presented in a future publication.
surface hydrogen atoms are invisible. We thus conclude that
the AlLO;(1120) surface is unreactive towards hydrogen,

even exposure to atomic hydrogen does not lead to adsorp- This work was supported by the Deutsche Forschungsge-
tion of H atoms. meinschaftSFB491/TP A3.
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