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Atomic structure of an Al-Co—Ni decagonal quasicrystalline surface
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We have analyzed the structure and composition of the first layer of a€@kNi;, tenfold surface by
means of scanning tunneling microsco@TM), ion scattering spectroscopisS), and Auger electron spec-
troscopy(AES). High-resolution STM images reveal local structures that have decagonal symmetry in addition
to the usual pentagonal symmetry of the surface. This quasicrystal surface resembles a random tiling instead of
an ideal quasiperiodic tiling. After annealing at 1100 K, the total surface atomic density found by ISS is
(9+1) X 10" cm2. The surface densities of Al and Tiransition metal, i.e., Co and Nare determined as
(8+1) X 10" cm 2 and (1.0+0.2 X 10 cm2, respectively from ISS, indicating a similar density of Al and
much lower density of the TM atoms in the surface layer than in a truncated bulk. The Al surface atomic
density agrees well with the number of corrugation maxima in the STM images. A model of the arrangement
of the Al atoms in the top layer is presented. Scanning tunneling spectrog8dfyis performed to study the
local electronic structure. The STS spectrum at the corrugation maxima is similar to that at the corrugation
minima. A few=0.12 nm high protrusions in the STM images are attributed to local oxide clusters due to their
STS spectra different from the corrugation maxima and thrangitu STM observations during exposure to
0O, gas at < 1076 Pa at RT.
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|. INTRODUCTION elemental concentrations of the cleaved and annealed

The surfaces of quasicrystalfC9 have been studied Al7,C0opNig surfacg(i.e., more on the Ni-rich side than our
intensively over the past few years after large single-grairs@mMPple have been investigated by Auger electron spectros-
QC samples, such as Al-Co—Cu, Al-Cu—Fe, Al-Pd—Mn.Copy (AES), and it was found that heat-treatments of these
Al-Co-Ni, etc., became available A decagonal cleaved quasicrystal surfaces show no large changes in
Al-Co—Ni quasicrystal(QC) was discovered in 1989 by chemical composition up to 1050 K, indicating that the com-
Tsaiet al. as a thermodynamically stable ph&skhe floating ~ position of the near-surface layers is stable up to this
zone method and the Czochralski method were successfullgmperaturé! Many aspects important for understanding the
applied to produce single grains of Al-Co—Ni surface properties and structure of AICoNi quasicrystals,
quasicrystal$;” although the Al content at the end of the QC such as the surface atomic density, first-layer concentrations
slightly increases because of the Al enrichment of the meland their relation to the structure, have not been studied yet.
during off-stoichiometric growtB.The bulk atomic structure In this paper, the geometric and local electronic structure
of Al-Co—Ni quasicrystals has been studied intensively byas well as the surface concentrations and atomic densities of
high-resolution transmission electron microscgpEM),>1®  a tenfold surface of AbCogNi;, are studied by high-
high-angle dark-field scanning transmission electron microsresolution STM, scanning tunneling current-voltage spec-
copy (HAADF-STEM),'* and x-ray and electron troscopy(STS), ion scattering spectroscogss), and AES.
diffraction!?13 The quasicrystalline phases have clearly
shqwn an ordered arrangement of_ columnar atom clusters, Il EXPERIMENT
which have a decagonal shape with pentagonal symmetry
and a diameter of 2.0 nfhThe columnar clusters forming The specimen used in the present experiment was a de-
pentagonal antiprismatic channels were identified by x-raycagonal A},Co;gNi, single-grain QC prepared by the Czo-
scattering experimentd. Recently, the surface structure of chralski method. It was identified to be the Co-rich decago-
the Al-Co—Ni decagonal quasicrystalline surface has alsmal phase by transmission electron diffraction. The details of
been studied?® From low energy electron diffraction the bulk structure of the specimen are described in Ref. 7. A
(LEED) and scanning tunneling microscop$TM) studies, decagonal surface of the specimen was prepared in an ultra-
it is reported that there is only one type of monoatomic stephigh vacuum(UHV) chamber with a base pressure below 1
on the tenfold surface with a step height of 0.2 H°The X 1078 Pa by cycles of 2 keV Ar sputtering at room tem-
symmetry of each layer is not decagonal but pentagonal angerature followed by annealing at temperatures up to
two adjacent layers are related by inversion symm@étihe 1150 K. The annealing was performed by electron bombard-
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ment of the sample holder at an emission current of (@)
10-20 mA and a voltage of 600—900 V. The temperature of
the specimen was monitored by a thermocouple fixed to the
nontransferable part of the sample holder. The tenfold sym-
metry of the surface was confirmed with the LEED pattern.
The cleanliness of the AJCo,¢Niq, surface was measured by
AES after sputtering and annealing; no contaminations such
as C and O could be observed on the QC surface within the
detection limits.

STM experiments were performed in an UHV chamber
equipped with a customized Omicron room-temperature
micro-STM, two-grid LEED optics, a cylindrical mirror ana-
lyzer with coaxial electron gun for AES, an ion source and
hemispherical analyzer for ISS, and a mass spectrometer for
residual gas analysis. The base pressure of this chamber is
below 5x107°Pa. A titanium sublimation pump with a
liquid-nitrogen cooled cryopanel was further used to reduce
the surface contaminations such as oxygen during analysis.
All STM images were obtained in constant current mode (b)
with negative sample bias voltage. STS spectra were ob-
tained together with the simultaneous STM measurements by
numerical differentiation at each pixel and averaging over 20
equivalent sites to reduce noise.

The surface densitig@toms per unit argaand first-layer
concentrations of Al and TNtransition metal, i.e., combined
signal of Co and Ni were determined by the ISS signal
compared to that of an AINL10) standard sample which

was cleaned by cycles of 2 keV Asputtering at room tem- FIG. 1. (@ STM image of the ALCoNij, surface (30

perature followed by annealing at a temperature of 1150 K, 30 nn? 1=20.5 nA. V=-0.8 V). For better contrast, a high-pass
resulting in surface concentrations of 50% Al and 50%Ni. fiiter has been applied, leading to bright appearance of the step

Here, the peak areas after subtraction of the background weggiges (b) Section profile along the white line if).
used for the estimation of the surface atomic densities. In the
ISS experiments, a 1 keV Héon beam was incident at the
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o ture of the Al,Co;gNi;, surface. The second subsection ad-
angle of 45° and the scattered Hens were detected at the dresses the surface atomic density and composition. In the

scattgrmg angle of 9.0 ’ !n this geomgtry, nellther Shadongl’ast subsection, the surface oxidation and STS results on the
blocking, nor neutralization by the neighboring atoms affectloCal electronic structure are described

the calibration with the AINi110) surface, since its buckling
amplitude is only 0.02 nm. _
The elemental concentrations in the surface were also A. Atomic structure
studied by AES. Again, we have used the stoichiometric Figure 1 shows a typical STM image of the,ATo;gNi;,
AINi (110 surface as a standard for the calibration of thegyrface. All steps have 0.2 nm in heigitonoatomic step
Ni/Al ratio, while we have determined the Co/Ni ratio using in agreement with the previous repoHs? There is no an-
sensitivity ~factors in the literatufe for the nealing temperature dependence observed in the STM im-
Ni LMM(848 e\) and CoLMM(656 e\) peak-to-peak ages between 800 K and 1150 K except the decay of the
heights. For Al, we have used the Auger peak atsputter-induced roughness with temperature.
68 eMLMM) rather than the peak 1396 eV because of its The rotational symmetry of the surface is examined by
almost 5 times higher surface sensitivity and higher signaLEED, which reveals the tenfold symmetry, as shown in Fig.
intensity. It has been noted that quantitative Auger analysi®(a). The LEED pattern observed here is consistent with the
of quasicrystals is far from trivial since the use of atomicLEED pattern measured by the spot profile analysis low en-
sensitivity factors derived from pure elements of other alloysergy electron diffractiofSPA-LEED).'* From the STM im-
can lead to large errors of the concentrati®h¥he Auger age (Fig. 1), a fast Fourier transforndFFT) image and an
results should therefore be seen more as indicators of theutocorrelation functiodACF) are extracted to examine the
qualitative trends and as a check for any anomalous Co/Nsymmetry, as shown in Figs(l9 and Zc), respectively. The
ratio (which is not accessible by I3$han as accurate mea- FFT image shows the tenfold symmetry, and nicely corre-
surements of the absolute values of the concentrations.  sponds to the LEED patter(a), except for the inner spots
whose k-vector is about 10.5 nfa These spots are invisible
. RESULTS in the LEED pattern shown in Fig.(@ and only appear in
This section is separated into three subsections. In the firdtEED at an incident electron energy less than 40 eV. Both
subsection, we present the results related to the atomic strutEED and FFT images have outermost spots rotated by 18°
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FIG. 2. (@) LEED pattern of
the Al;,Co¢Nip, surface at 46 eV
incident electron energyb) Fou-
rier transform of Fig. {a) dis-
played with logarithmic greyscale.
(c) Autocorrelation function of
Fig. 1(a).

at the k-vector of 20.7 nm, in good agreement with the the maxima in circle B, and also the orientation of these
(1000 beam found by SPA-LEED?20.1 nni, Ref. 14. pentagons is the same.
These were the largest spatial frequencies observed in our Furthermore, we can observe almost symmetrical rings
LEED and FFT images. The corresponding atomic row diswith ten maxima and/or minima as shown by circles F and G
tance in real space is 0.30 nm. The ACF is a spatial map ah Fig. 3. Therefore, the AjCo¢Nii, surface forms local
the pair-correlation functiof® The correlation maxima are tenfold rings in addition to the fivefold structures. The cluster
visible even close to the edges, indicating a strong spatiaize of these tenfold rings is about 2 nm, which is consistent
correlation extending over distances of at least #5 nm. Acwith the bulk cluster size observed in TEMMoreover, a
cording to Gierert al, the correlation length of the perfect larger ring with 20 protrusions is observed as shown in circle
quasicrystalline order is reported to be more than 3'hm. K. There are maxima shaped round, star, pentagon, and local
Therefore, the resolution of our STM images is high enoughminima as shown in circles G—-J. These local maxima and
to examine the detailed atomic structure. minima are usually located at the center of larger rings with
Figures 8a)—3(e) show high-resolution STM images of 5 or 10 protrusions. The center of the star shaped pattern in
the Al;,C0,;¢Niq, surface. We can clearly see different sizescircle J is always about 0.10 nm lower than surrounding
of arrangements of fivefold symmetry, not only pentagonsamaxima. Similarly, the centers of local maxima in circles H
formed by maximgprotrusion$ but also by minimagdepres- and | are about 0.10-0.12 nm higher than surrounding
siong, as shown by circles A-D in Fig. 3 and by larger units maxima. Although the orientation of structures of the same
(circle E). The distance between the protrusions in the smallsize and shape is usually the same, we sometimes observe
est pentagonal ring&ype “A”) is 0.32+0.02 nm, and the fivefold structures with opposite orientation in the same ter-
atoms are considered to be located at these protrusiamce as shown by circle L. Assuming that all hardly resolv-
maxima. The outermost spot20.7 nm?) in the LEED and  able rings of type A consist of five protrusions, the number
FFT images where atomic row distance in real space i®f protrusions observed in the STM images was determined
0.30 nm correspond to this interatomic distanceas(8+1) X 10 cm,
(0.30/cos 18°=0.32 The distance between the protrusions
in the next smallest ring&ype “B”) is 0.5+0.1 nm, which
corresponds to the inner spots in the LEED and FFT images.
In circle C, three sizes of pentagonal rings formed by Figure 4 shows ISS spectra of the,4To;Niy, surface
maxima, minima, and maxima, respectively, are observedafter sputteringa) and after annealing at 1100 () as well
which is similar to the pattern reported by Kishigaal!®>  as the spectrum of the stoichiometric A{N10 surface as a
The inner pentagon of this structure has the same size andference(c). In Figs. 4a) and 4b), the Al peak is clearly
orientation as type “A.” In circle D, there is a maximum in seen, but the Ni and Co peaks overlap because of the simi-
the center, and at least two sizes of pentagonal rings formdarity of their atomic numbers and masses. We define the TM
by minima and maxima are observed. The distance betweg(transition metglsignal as the sum of the Ni and Co signals,
the minima in circles C is the same as the distance betweesince the Co scattering cross-section is very closéotdy

B. Surface composition

FIG. 3. High-resolution STM
images of the ALCo;gNiq, sur-
face (1=0.5 nA, V=-0.5V). Dif-
ferent sizes of pentagonal struc-
ture elements and other features
are marked by circles A-L
(see text
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15000 T T g T of data, the QC was sputtered and annealed, and then the
AES spectrum was measured at RT. The Al concentration is
reduced by the preferential sputtering but increased by an-

10000 N nealing. Above the annealing temperature of 800 K, the sur-
 (c) AINi(110) ] face concentrations determined by AES do not change at all.
5000 | ] Since AES probes a few monolayers and ISS detects the first
= - layer only, the Al concentration measured by AES becomes
N - N lower than that measured by ISS and closer to the composi-
KRy = - tion of the Al,,Co;gNi, bulk. The Co/Ni concentration ratio
% [ (b) Al Co, Ni., ] measu_red t_)y AES increases upon annealing; |f_we assume
g 5000 - . that this ratio reflects the true surface concentrations we can
£ - - use it to determine the contributions of Co and Ni to the TM

signal in the ISS spectra of the annealed surface. This results
in surface atomic densities ©0.6+0.9 X 10" cm™ for Co

anneal ™
(1100K) (Ni+Co)
Al
0

5000 (@) Al;,Co,(Ni,, (NH"CO): and (0.4+0.2 X 10 cm2 for Ni. As menitoned in Sec. II,
- after sputtering - we must keep in mind that the error bars of the AES data are
ZN 3 rather large, thus our data are not accurate enough to con-
0= A S - clude that the Co/Ni ratio at the surface surface deviates
500 600 700 800 900 1000 from the bulk stoichiometry.

Scattered He" energy [eV]

) C. Oxidation and electronic structure
FIG. 4. ISS spectra of the AlCo;¢Ni;, surface(a) after sput-

tering and(b) after annealing at 1100 K, an@) of the stoichio- Figures §a)—6(d) show STM images before and after ex-
metric AINi(110) surface as reference. posure of the QC surface toz(gas at 2<10°° Pa at RT for

1, 3, and 6 min, respectively. The number of bright protru-
~3% lower than the Ni scattering cross secti6fBy as-  sions with a height of approximately 0.12 nm increases with
suming both scattering cross sections to be equal, the surfagéne, as shown in Fig. 6circles. The number of these pro-
concentration ratios of Al: TM after sputtering and after an-trusions also increased during the STM measurements at the
nealing at 1100 K are estimated to be 74%: 26%, and 90%ase pressure below510™° Pa(and an Q partial pressure
10%, respectively. Thus, the first-layer composition afterpelow 1x 1071° Pg in a few hours. Moreover, the &LL
sputtering is similar to the QC bulk composition, and the Al peak-to-peak height in the Auger spectra increases after these
surface concentration increases during annealing. By contreatments, as shown in Figgepand &f). Thus, the protru-
paring the absolute count rates of the QC surface and thgions are somehow related to oxygen, most likely to small
AINi (110 standard, the surface densities of Al and TM afteroxide clusters. To examine the details of local electronic
annealing can be determined &8+1)x10"cm™? and  structure of the QC surface, STS measurements were per-
(1£0.2 X 10" cm?, respectively. The Al surface atomic formed. Figure 7 shows averaged STS spectra from the
density roughly agrees with the number of maxima observedl,,CogNi, surface at the corrugation maxinrcles and
in the STM images. minima (squarey of the clean surface, as well as at the pro-

Figure 5 shows the annealing temperature dependence tifisions attributed to oxide clustetsiangleg. The STM im-

the elemental concentrations of the,f0,gNi;, surface and age during the STS measurement is shown in the inset of
near-surface layers measured by AES. To obtain each poifitig. 7. All spectra of the clean surface are very similar to

each other, independent of the exact locatiomaxima or

) Concerning the surface composition, we find by AES that
m Ni (848eV)

100 vt ] minima of the apparent heightBy comparison, the density
i 1 of state(DOS) at the “oxide” protrusions is much lower at

80 | n energies above the Fermi level, indicating that these protru-

~ [ ] sions consist of a different material.

N

s 60f ]

s | e Al (68eV) ] IV. DISCUSSION

z 40 a Co(656eV)

2

o

(8]

preferential sputtering leads to Al depletion in the near-

o0 [ ] surface region(“altered layer’) as already observed for an
w 1 AlCoyNiys quasicrystdf and also for the similar AICuFe
[ ] systenm?* At first glance, the bulklike composition of the first

0l b layer of the sputtered surface found by ISS may seem incon-
250 500 750 1000 . . X .
Temperature (K) sistent with the AES result, but it should be mentioned that
ion-induced mobility will lead to segregation within the al-
FIG. 5. Annealing temperature dependence of the surface contered layer even at room temperature, leading to a higher
position of Ak,Co;gNij» measured by AES. concentration of the element with lower surface endiy
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Ni (LMM) -1 -0.5 0 0.5 1
ﬁ--‘rﬂlr—-v—- Sample bias (V)
sr U . ] FIG. 7. STS spectra of the AICogNij, surface at maxima
sr | | v U v (circles and minima(squarey of the STM image of the clean QC
Sf = Cc o) L1 | E surface as well as the features attributed to oxide clugteis
s (KLL) (KLL) CoilMMy | angles. The inset shows the STM image acquired simultaneously
5 (V=-0.5V,1=0.5 nA).
- Al (LMM) . tween the Al layers, such a buckling would leave the AES
SSsISSss =S ERnsEs result of Al enrichment unexplained. Although we cannot
(] 200 400 600 800

Electron energy [eV]

completely exclude the possibility of a stoichiometric surface

when assuming a large error in the Auger calibration, we
consider it more likely that there are true TM vacancies in
1=0.5 nA,V=-0.2 V) as-prepareda) and after exposure toas the surface. This could be favorable if each TM vacancy in
at 2x 107 Pa at RT for 1 min(b), 3 min(c), and 6 min(d). Black  the surface uncovers an Al atom in the second layer. The
circles show the positions where protrusions attributed to oxidesecond-layer Al atom has a surface energy much lower than
clusters form. AES spectra of the ACo;eNiy, surface as-prepared the TM and is also largefand, thus, geometrically higher
(e) and after exposure tofas at 2< 10°° Pa at RT for 6 minf).  than the average of the second-layer atoms. Since the density
of protrusions (maximg in the STM images, (8+1)
in the first monolayer than in the altered layer befSw. X 10* cm?, is the same as the Al surface density, the pro-
The surface concentration of Al after annealing abovetrusions in the present QC STM images are considered to
750 K was found by ISS to be higher than in the bulk. Again,correspond to Al atoms only. It has been also reported that
we attribute the increased Al concentration to its lower sur-STM only images Al atoms on the AINi10 surface as
face energy. The surface density of the Al atoms determineg@rotrusions’®28
by ISS,(8+1) x 104 cm™?, agrees well with the adatom den-  Figure §a) shows a high-resolution STM image of the
sity on a decagonal A gCoy4 Ni;3 4Surface obtained from a  Al,,Co;¢Ni, surface with a random pentagonal tiling pattern
He atom diffraction measureme(®x 10** cm™, Ref. 26.  superimposed. The tiling pattern was chosen such that all
The monolayer atomic density in the bulk can be calculatedertices coincide with fivefold features of the surfaoestly
to be 1.4< 10" cm™ from the reported atomic density of type “A” as defined in Fig. B The tiles used are a pentagon,
bulk Al;, ¢Cog Niqgs 6.9X10P2cm™ (4.11 g cm® Ref.  and a skinny and fat rhombus, all with 2 nm edges. This
27) and the interlayer distance of 0.2 if'® This corre-  edge length roughly coincides with the cluster size reported
sponds to 1.10atoms/cmd for Al and 0.4 in Ref. 11. We have also tried other edge lengtiedated by
X 10'® atoms/crd for the transition metals. Therefore, the powers of the golden ratipand got qualitatively similar re-
surface atomic density of the transition metals determinedults. Since we could not find any tiling describing our sur-
from the ISS experiment§(1+0.2 X 10" cm™] is much  face with fat and skinny rhombs only, we had to use the
lower than the atomic density of a truncated bulk. Whereapentagon as a third type of tile. Hence, the QC surface forms
the ISS result could be explained by a strong inwards bucka random pentagonal tiling, not an ideal quasiperiodic Pen-
ling of the TM atoms, which would then lie in a plane be- rose tiling. This is consistent with the bulk Co-rich

FIG. 6. STM images of the AyCo;gNi;, surface(20x 20 nnt;
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Figure 9a) shows an atomic structure model of the
Al,CoigNiy, surface with perfect decagonal rings. The
atomic density in this model i€ +1) x 10'* cm 2, which is
closer to the bulk Al density and hence the atomic arrange-
ment of the model might represent all Al positions in a trun-
cated bulk lattice. The ACF of this model is shown in Fig.
9(b), which is in good agreement with Fig(Q. Radially
averaged ACFs from STM image and the atomic structure
model are shown in Fig.(8). The oscillations in both the
averaged ACFs of the experimental image and the model
have their maxima and minima at the same distances. In
contrast to our findings, where the small pentagons are sur-
rounded by larger pentagons @mperfecy tenfold rings, the

FIG. 8. (8 Random Penrose tiling superimposed on the STMrepgnt_ quels of l\/_IihaIkor“li et al* based on total energy
image of the A},Co;gNiy, surface from Fig. @). The ring centers mlmmlzatllon Cont?ln Smf” Al. pentagons surrounded by
are connected by the five basis vectors with about 2 nm lexigith. (srinn?&?at(i)orn iz\lqlsp:rreelggse_ eCJrL?)urgI;r:wgfsoro;ué:lr,\ g'ttrljlﬁgjsrteg S\}S did
Atomic arrangement of the AJCo,eNi, surface extracted fror) not find any indications of 15-fold rings, however. Our struc-
Al—Co—Ni QCs which also form a random tilif§:3° Fur-  ture model also differs from the other previous models of the
thermore, the surface of the quasicrystal has symmetry difulk atomic structuré®-31:353738t must be mentioned, how-
ferent from the Penrose tiling. As mentioned previously, onever, that some of these modél¥*3¢-38were devised for
one terrace of the AjCo;Ni;, QC surface the pentagons of Al-Co—Ni quasicrystals with significantly higher Ni con-

a given size usually have the same orientation. In a Penrosgentration(and, hence lower Co concentratjpwhereas our
tiling, all features occur in the two orientations related byquasicrystal is Co-rich.

inversion symmetry. Since an autocorrelation function has The number of bright dotgprotrusions with=0.12 nm
inversion symmetry by definition, this difference in symme- heighy increases in the UHV chamber after a few hours or
try is not reflected in the ACFs. Indeed, we find that the ACFwith exposure to @gas at a pressure of 2310°¢ Pa for a

of the STM images, whether such including many terraceg¢ew minutes at RT. Since the ®LL peak in Auger spectra
like Fig. 2(c) or others derived from single terrace, display increases after these treatments, these bright dots are attrib-
the same pattern as the ACF of an ideal Penrose tiling.  uted to reaction of the QC surface with O atoms from the O

Figure &b) shows the arrangement of the protrusions at-gas or HO from the residual gas, resulting in formation of
tributed to Al atoms on the AjCo;gNiq, surface extracted small oxide clusters. From our,@dsorption experiment, we
from the gray square of the STM image FigaB The mini-  can estimate that only one out of 3impinging O, mol-
mum nearest neighbor atomic distance is 0.32 nm, and sonexules leads to formation of the bright dot. This means that
of the nearest neighbor distances are more than 0.8 nrthe bright dots formed from the residual gas cannot be due to
Moreover, all of the decagonal rings are imperfect. If, asO, (which has too low impingement rates at the present par-
discussed above, STM shows only the Al atoms as protrutial pressurgbut must be due to some other species, possibly
sions, the TM atoms are located probably at the missindgd,O. The bias dependence ofdl/dV)/(1/V) of the
positions of the decagonal ring and somewhere in the spadkl,,Co;gNi;» QC surface at these bright dots shows much
in between. This view is supported by the fact that 0.32 nmower conductivity at energies above the Fermi level than
is larger than the Al-Al distance in bulk Al0.286 nn). that on the clean QC surface. This also indicates that the

Some TM positions of the ideal QC lattice may be also oc-bright dots are chemically different from the quasicrystal sur-
cupied by Al atoms. face.

250 F
—— STM image

200 |

----- structure model

150:—

100

Intensity (arb. unit)

50 [

M B B B B
0 0.5 1 1.5 2 2.
Radial distance (nm)

FIG. 9. (a) Idealized model for the arrangement of the Al atoms in the top surface for aCd\kNi, surface.(b) Autocorrelation
function (ACF) of (a). (c) Radial distribution of the ACFs from the present experimental STM image and atomic structure model.
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V. SUMMARY posed a model of the atomic structure. Protrusions of

We have obtained atomic resolution STM images of the?-12 nm in height are attributed to oxide clusters frorsitu
well-characterized decagonal ACo,Nij, surface for the STM measurements under,@as and STS-STM measure-
first time. In the STM images, we have observed severalnents.
types of atomic structures of different sizes with the fivefold
symmetry and tenfold rings. Locally, a larger ring with 20
protrusions is also observed. The ISS signals, together with
the AES ratio between Co and Ni, yield surface densities of One of the authorgJ.Y.) gratefully acknowledges finan-
Al, Co, and Ni of (8+1)x10%cm™? (0.6£0.2  cial support by the bilateral program for scientist exchange
X 10" cmi?, (0.4+0.2 X 10 cm?, respectively. The Al between Federal Ministry of Science and Transport of Aus-
density is found to be in agreement with the density oftria and Japan Society for Promotion of Science. This work
maxima in the STM images, indicating that only the Al at- was supported by the Austrian Fonds zur Férderung der wis-
oms are observed. Based on the STM images, we have preenschaftlichen Forschung.
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