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Analysis of the short-range order of the AUFe(001) surface alloy
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Scanning tunneling microscopy measurements show that the growth of about half a monolayer Au on
Fe(001) at a temperature of 170 °C leads after a postanneal at 700 °C to an island free and homogeneously
alloyed surface layer. The surface alloying is in contrast to the bulk where Au and Fe are immiscible. Strong
chemical contrast in the images allows us to analyze the short-range order of this surface alloy. Two indepen-
dent methods are considered: the first method extracts pair occupation probabilities directly from digitized
images, the second method makes use of the autocorrelation of filtered images. Both methods lead to the same
conclusion: only for the nearest-neighbor sites a strong preference for unlike species is found; for further sites
the probabilities follow a random distribution. Scanning tunneling spectroscopy measurements on the alloyed
AuFe surface are used to corroborate the interpretation of the chemical contrast. Furthermore, the spectroscopy
results show that the F@01) surface state shifts to higher energies on areas where pure Fe patches are confined

by Au atoms.
DOI: 10.1103/PhysRevB.67.165403 PACS nuniger68.35.Bs, 68.37.Ef, 73.20.At
I. INTRODUCTION of the chemical contrast. Furthermore, it will be examined

how the F€001) surface state is influenced by the alloying.
In a recent publication we showed that the roughening of

the AqOQl)/FdOOD interface _is a result of _the creation anq Il. EXPERIMENTAL DETAILS
annihilation of a surface-confined alloy during growth of this _ . .
systeml_ Scanning tunneling microscog$TM) images with The experiments were performed in a home-built ultra-

chemical contrast revealed that for growth temperature§igh vacuum(UHV) system consisting of a fast-entry load-
above 100°C and coverages below 0.5 ML Au atoms belock, a preparation chamber and an analysis chamber. The
come incorporated in the F201) surface despite the immis- preparation chamber has a base pressure of abea01
cibility of Au in bulk Fe? Growth of about 0.5 ML Au mbar and contains equipment for sample cleaning, electron
around 200°C was found to lead to a homogeneously alPeam heating, epitaxial growth, and Auger electron spectros-
loyed surface layer. However, if more Au is added, thecopy (AES). The analysis chamber which contains the STM
surface-confined nature of the alfojeads to a demixing has a base pressure of less than1® ‘! mbar.
with a roughened interface as a natural consequence. Under- A single-crystal FE€01) whisker with a size of about
standing of the processes driving the surface alloying7X1Xx1 mn? was used as the sample. In the early stage of
dealloying and consequently the interface roughening are inthe cleaning process, AES showed that oxygen and carbon
portant since the quality of the interface, i.e., sharp/roughimpurities preferentially segregate to the surface at tempera-
mixed/pure, determines to a large degree the transport arfdres between 200 °C and 300 °C. The AES signals of these
magnetic properties of multilayer devices. In this perspecimpurities were found to decrease again at higher annealing
tive, the Au/Fe system can be considered as a perfect modestmperatures. Therefore, in order to get rid of these bulk
system. However, to come to a better understanding of theggpurities most efficiently the ion bombardme(#50 eV
phenomena a thorough characterization of the Au-Fe surfaclr ") was performed while ramping the annealing tempera-
alloy is necessary. ture between 150 °C and 750 °C. The sample temperature of
In the present paper we make use of STM images whicfr50 °C was verified with an infrared pyrometer. After a few
show chemical contrast to analyze the short-range order afays of these cycles, only oxygen could be detected by AES.
the Au/Fe surface alloy. For this purpose, two methods offhe ratio of the oxygen and iron peaks was about 2% at this
analysis are considered. The first method obtains the pa#tage. From the concentration of depressions in the STM
occupation probabilities directly from the STM images. Thisimages, this ratio can be translated into an oxygen coverage
kind of analysis was, e.g., presented by Daeal. for the  of about 1%. After this bulk-depletion stage, the whisker was
Cr/Fg001) surface alloy The second method makes use of sputtered for about 45 min at 750 °C before the actual mea-
the autocorrelation of the STM images and was described isurement. The radiative cooling time to room temperature
detail by Hebenstreiet al® and Schmifl was sufficient to repair any sputter damage as verified by the
The surface state of the @®©1) surface which appears as STM measurements which generally show terraces wider
a strong peak in the spectroscopit/dV curve "% can be than 200 nm. This treatment also kept the surface impurity
used as a chemical fingerprint of local Fe areas as was sucencentration below 1%.
cessfully shown by Davie®t al. in the case of Cr on Gold (99.99% purgwas evaporated from a Knudsen cell
Fe(001).1! Also, in the present study scanning tunnelingwhich is shielded by a liquid nitrogen cooled shroud. This
spectroscopySTS is used to corroborate the interpretation keeps the pressure in the low<1.0~1° mbar range during
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FIG. 1. Chemically resolved
STM image of the F®0)
surface  which was covered
with 0.5 ML Au and postan-
nealed at 700°C (30 nm
X30 nm, —0.28 'V, 0.10 nA.
60 pm depressed lattice sites can
be observed in this image which
show an apparent short-range or-
der: The areas marked A",
“B”, and “C” show a local
c(2x2) ordered area, a line
along the close-packgd00] di-
rection, and a line along the
[110] direction, respectively. “
D” shows one of the deeper and
larger depressions, which are at-
tributed to impurities.
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growth. The evaporation rate was typically 0.2 monolayer/ lll. RESULTS AND DISCUSSION
min as determined by a quartz crystal microbalance and his-

tograms of STM images obtained after submonolayer growt In Ref. 1 we showed that _for submonolayer growth of Au
of Au at temperatures below 100°C. Here one monolaye coverages below 0.5 MLbright features appeared in the

(ML) is defined as a complete overlayer with(@@L) bulk Fe(001) terrace_forgrovvth temperature_s above 100_°C. Since
lattice constant (1.22410%toms n72). During growth, the the concentration of these feature; mqeased with growth
substrate can be resistively heated to a maximum temper&mperature and Au coverage, we identified them as Au at-
ture of about 250 °C. The sample temperature during growt@Ms Which have place exchanged with substrate Fe atoms.
was measured by a thermocouple mounted clogeuonot ~ For growth of about 0.5 ML Au at about 200 °C a homoge-
in direct contact with the sample making the inaccuracy in neously alloyed overlayer was found. Nevertheless, this al-
these temperature measurements larg8@°C). loyed overlayer apparently did not show any long-range or-
The STM experiments were performed with an Omicronder. To study this overlayer in detail, 0.5 ML of Au is grown

UHV STM-1 operating at room temperature. Electrochemi-on F€001) at a substrate temperature of 170 °C. In contrast
cally etchedW tips were cleaned and sharpeneditu by Ar  to the experiments in Ref. 1, after growth we postannealed
self-sputtering. During the STM measurements, the tips werene sample fol h at atemperature of 700 °C. The motiva-
often “reconditioned” by applying voltage pulses af10 V  tion for this postannealing step was to see whether this treat-
at about 0.1 nA. To be able to compare topographic featuresient could result in an ordered surface alloy. Furthermore,
with spectroscopic ones, STS measurements were perform@dstannealing reduces the island density which facilitates the
simultaneously with conventional constant current images: aénalysis. The sample was radiatively cooled down to room
each pixel the feedback loop was temporarily switched off taemperature after the annealing step. Figure 1 shows an
record anl (V) curve. These images were measured at a reatomically and chemically resolved STM image of the sur-
duced resolution of typically 7875 pixels to avoid strong face after this preparation. It must be noted that this strong
distortions due to drift. The images presented in this papechemical contrast is only achieved with special tip condi-
were not corrected for drift. The(V) curves were numeri- tions. Possibly, in this case an adsorbate at the tip apex in-
cally differentiated using a five-point window to obtain teracts differently with the various species of surface
di/dVv. atoms*? This contrast does not show any strong influence of
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TABLE I. Pair occupation probabilities for equivalent surface near-nearest neighbor(igitde fifth
nearest neighbor Three STM images are analyzed and are labeled “1”, “2”, and “3” for convenience.
However, only the image labeled “1” is shown in this pagee., Fig. 2. C,, and Cr, are the Au and Fe
concentrations, respectivelf s,y and Peere(nyare the probabilities to find a Au-Au or Fe-Fe paimdh
surface nearest-neighbor sites.

Image Cau P auau(1) P avau(2) P auAu(3) P auAu(4) P auau(s)

1 0.265 0.162 0.323 0.268 0.256 0.262

2 0.270 0.151 0.286 0.270 0.271 0.271

3 0.279 0.160 0.292 0.278 0.280 0.289
Cre Prere(1) Prere(2) Prere(s) Prerea) Prere(s)

1 0.735 0.695 0.756 0.732 0.730 0.730

2 0.730 0.688 0.739 0.730 0.730 0.731

3 0.721 0.680 0.733 0.721 0.724 0.728

the particular set points of tunneling current or bias voltagearound 50 matrix of which each elemeiitorresponding to a
No islands are visible after the high-temperature postannealattice sit¢ can possess only three height values: “0” if the
ing in contrast to the growth at about 200 *The terraces site is occupied by an impurity, “1” if occupied by a bright
show 60 pm deep depressions at the lattice sites of a weakBtom, and “2” if occupied by a depressed atom. From these
corrugated €10 pm)p(1X1) lattice. A long-range ordering matrices the surface coverage of the two specteg, (and
of the depressions is missing although locally smallCr) and the pair occupation probabilities for equivalent
c(2Xx2) ordered patche&f. the area markedA”), lines  (Payaumy @nd Peeren) and inequivalent surface near-
along the close-packedl00] directions (cf. marked ‘B”)  neighbor sites Rayre(ny and Peeayn) can be determined.
and lines along second nearest-neighlddi0] directions(cf. ~ Near-neighbor sites up to the fifth nearest neighbor )
marked “C”) are often observed. The larger and deeperare considered. Sites having impurities at near-neighbor sites
(about 100 pm deepdepressiongcf. marked ‘D”) are at-  closer than five times the nearest-neighbor distance are dis-
tributed to oxygen impurities. Their concentration is aboutcarded from the analysis. The results of this analysis are
1%. Furthermore, tip conditions not allowing chemical con-shown in Table | for three STM images. First, it follows that
trast image them as well. the concentration of the depressed sites in Fig. 1 is
STM images like Fig. 1 are digitized by manually trans- 0.265 ML. From this it can be concluded that the depressed
forming the square lattice into anxn (with m,n typically  lattice sites are the Au atoms, since only 0.50 ML Au was
deposited. It also means that about half of the deposited Au
disappears into the bulk after the high-temperature postan-
nealing step. Table | shows that only the pair occupation
probabilities for equivalent nearest- and next-nearest-
neighbor sites deviate from a random distribution for which

250
m = 112
» 200 m = 0.017
g m_=-0.041
2 150 m = 272
‘S m_= 0.016
@ = 0.030
2100 |m,
§
Z 50
0
-0.10 -0.05 0.00 0.05 0.10

z[nm]

FIG. 2. Topographic STM image showing chemical contrast FIG. 3. Histogram of the apparent heights of the pixels corre-
across a step edge (11 il nm, —0.28 V, 0.10 nA. The Au sponding to the atom positions of Fig.(@ray curve. This histo-
and Fe atoms at the step edge are marked. A stepped linear grgyam is fitted to a sum of two Gaussiafidack curve. The results
scale has been used: the black-white range corresponds to abdot the fitting parameters;—mg are shown as well. The Au cov-
0.15 nm on both terraces. The bla@khite) perimeter along the step erage can be determined from the ratio between the Gaussian peak
edge is a gray scale artifact. amplitudes:Cp,=1—m,/(1+my,).
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FIG. 4. Autocorrelation analysis of STM image with chemical
contrast(Fig. 1). The STM image is modified as described in the
text. (&) shows the autocorrelation of the atomic image., all
atoms have the same heightb) shows the autocorrelation of the
chemical imagdthe Au and the Fe atoms have a different height
The white square in the center of the image is a gray scale artifact
[AC(0) is one, while at the other lattice sites it is much lojver
Equivalent points in these images are marked. White circles corre-
spond toAC(1), black circles taAC(2), dotted circles toAAC(4).
See text for discussion. FIG. 5. Pair occupation probabilities for Au-Au paiiisnage 1
of Table )) specified for each lattice direction. The values at the gray
sites are slightly enhanced in agreement with the autocorrelation
results of Fig. 4b). The gray sites make up an apparent surface
alloy unit cell with an Au concentration of 1/3.
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P avau(n) (Preren) Would be simplyCy, (Cgd. More spe-
cifically, Payau(1y is only 58-2% of the value expected for
a random distribution, whilePgere(1) is reduced to 94

+1%. From these values it can be concluded that nearesh . \alues ofm.—m-~ which are the results of the fitting
neighbors of different species are preferred. The values fq rocedure are srlmwf] in Fig. 3 as well. The Au concentration
the second nearest neighbors are less different from a ral h the surface can be extracted from, >

dom distribution although there is a slight preference for
equivalent species? 5, 2) and Prepe(z)are 111+ 8% and Cau=1—my/(1+my,). 2)

102+ 1% of the values expected for a random distribution. . ] ] )

The probabilities fon>2 are equivalent to the random dis- Thus, for the image of Fig. 1 we find an Au concentration of
tribution within the accuracy of the analysis. 0.269_) whlc_h is in good agreement with the result obtained by

Figure 2 shows an atomically and chemically resolvedthe first (direct method (see image “1” in Table ). The
STM image across a monoatomic step. It can be seen that tf@Parent height which separates the two histogram peaks
steps have a preference for Au atoms. About 80% of the Stegoughly —0.01 nm) is used as a discriminator: pixels with
edge sites are occupied by Au atoms which is three timeBeight smaller than this value are put-a/Ca,/Cre While
higher than the value expected for a random distribution. Pixels with a larger height are put aty/Cre/Cp,.>® Then,

To check the reliability of the results obtained above, thethe single-pixel atom positions are broadened (033pixel
method based on the autocorrelation as described bglusters. The values of the remaining background pixels are
Hebenstreit and Schmiflis also used to analyze the short- put at a value that assures that the average of the total image
range order of the Au-Fe surface alloy. For this purpose thés zero. The autocorrelation of this “chemical” image is cal-
chemically resolved STM image of Fig. 1 is first bandpassculated.
filtered to enhance the atomic lattice. A local maxima search By setting the pixel clusters that describe the atom posi-
is implemented to find the pixel positions of the atoms. Thetions at equal values, the chemical information is lost. By
histogram of the apparent heights of these pixels is shown iflefinition, the autocorrelation of this “atomic” image must
Fig. 3 and shows two well-separated peaks. This histogram ige one at lattice distances. However, deviations from a per-

fitted to a sum of two Gaussians, fect square latticédue to distortionsresult in autocorrela-
tions less than one. These deviations influence the autocor-
£(x)= (M. /m>)exol — [ (z— ma)/m-12 relation of the chemical image equivalently. Therefore, to
(x)=(my /m;)expt -~ [( 3)/ma ]} compensate for these errors the autocorrelation values ob-
+(mym,/mg)exp{ — [ (z—mg)/ms]?}. (1) tained from the chemical image are normalized by the auto-

TABLE II. Autocorrelations AC) for the five nearest-neighbor distances obtained directly from the
chemically resolved STM imagé-ig. 1) and obtained from the probabilities of Tabldaverages of three
images and Eqs.(3) and(4).

AC(1) AC(2) AC(3) AC(4) AC(5)
Direct calculation —0.21+0.01 +0.04+0.02 0 0 0
From probabilities —0.16+0.01 +0.05+0.02 0 0 0
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FIG. 6. (@) and (b) are con-
secutively obtained STM images
of the same area of the Au-Fe
surface alloy (15 nm 15 nm).
The set points for these images
are —1.0V, 0.04 nA(a) and
-0.28 'V, 0.01 nA(b), respec-
tively. A change of the tip apex
configuration leads to a different
contrast: the protrusions iia)
correspond to the dark lattice
sites in(b). A spectroscopy mea-
surement is performed at the
same area s=—0.5YV,
I=0.20 nA). (c) shows the
dI/dV map atVs=+0.20 V. (d)
showsdl|/dV curves obtained by
averaging the singledl/dV
curves obtained in the encircled
areas in Figs. @&—3(c).

N2

0.0 ‘ . :
-10 05 00 05 1.0 15

(d) Sample voltage [V]

correlation values from the atomic image. Both autocorrela- Wiirr(N) = CauP aure(ny™ CrePreau(n)- (4)
tion images are shown in Fig. 4.

The interpretation of this method is as follows. An auto- P, e, and Preay(ny are simply given by & Pajaym and
correlation value of zero corresponds to a random distribui —Pe.c. . respectively. Using the values of Table I, auto-
tion. An autocorrelation of- 1 means that atoms of the same correlation values are calculated from E¢®). and (4). The
species are preferred, while a negative value means that atsults are shown in Table Il together with the autocorrela-
oms of different species are preferred. For the latter case, thfons obtained from Fig. 4. It is clear that both methods lead
minimum value is given by +1/Cr,, i.e.,, —0.37 (=1 is  to similar results.
only obtained for a perfectly orderec(2x2) structure. To confirm whether the weak asymmetry in tA€(2)
Figure 4b) shows that a large negative value for the auto-andAC(4) values is a real effect or an artifact of the analy-
correlation(AC) is found at the nearest-neighbor distancessis, the pair occupation probabilities for image 1 of Table |
Averaging over the four equivalent sites givesC(1)  are specified for the different directions. Figure 5 shows that
=—0.21+0.01. The autocorrelation of the averaged secondhe asymmetries are also found in the directly obtained pair
nearest-neighbor sites is slightly positiv&C(2)=+0.04  occupation probabilities. This seems to point at a unit cell for
+0.02. The autocorrelations for larger distances average tthe surface alloy which contains 6 atoms of which 2 are Au.
zero. However, a more careful look at Figh#reveals that Remarkably, the Au concentration in this cell is 1/3 which is
there is a weak asymmetry iINC(2) and AC(4): slightly  comparable to the Au concentration in the surface. Therefore,
larger values are found at two diagonally linked sites for boththis cell might be the result of a balance between the Au
AC(2) andAC(4). surface concentration and repulsive Au-Au interactions. The

Now the results of both methods can be compared bysymmetry might be imposed by the monoatomic steps on
using the relation between the autocorrelations and the paithe F€001) surface. Indeed, comparison with Fig. 2 shows
occupation probabilitie%® that the short direction of the unit cell of the surface alloy is

arallel to the step direction. The preference for Au atoms at
Wiit(n) = 2CrCal 1 - AC(N)]. (3) ?he step edge Sit(fs might thus indpuce the observed asymme-
Wyi(n) is the probability to find a pair of different atoms at try.
nth nearest-neighbor sites and can be expressed in the prob- In contrast to the images shown in Ref. 1, in which only
abilities given in Table |, the Au atoms are visible, Figs. 1 and 2 show both species of
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FIG. 7. STS measurement
performed at F@®O01) covered
with 0.35 ML Au at 200 °C. The
size of (a) and (b) are 13 nm
X 13 nm. (a) is the topographic
image obtained at a set point of
—0.01V, 0.25 nA andb) is the
di/dV map at V,=+0.20 V.
The spectroscopic measurement
(set point:—1.0 V, 0.5 nA was
performed after the topographic
image. Squares ife) and(b) in-
dicate equivalent areas.(c)
shows fourdl/dV curves that
are representative of the four dif-
ferent contrasts in thedl/dV
map. These curves are averages
of the curves obtained within the
labeled squares and circles
(1-4.

0.0
-10 -05 00 05 10 15
Sample voltage [V]

the Au-Fe alloyed overlayer. Occasionally, changes in the tiglition is changefdand show no particular influence on the
configuration, probably caused by the exchange of the tipunneling setpoints. In other words, no evidence was found
apex atom, lead to large changes in contrast. As an examplthat the chemical contrast is enhanced around the surface-
Figs. §a) and @b) show two consecutively obtained STM state energy. Therefore, instead of explaining the chemical
images of the same area. It is obvious that the 15 pm higleontrast in terms of the f@01) surface state, the best we can
protrusions in Fig. &) correspond to the dark lattice sites in do at present is to identify both types of atoms by making
Fig. 6(b). Some adsorbates at the fip.g., in Fig. 6a)] lead  use of the F@01) surface state.
to a strong interaction with the embedded Au atoms causing Figure 7 shows STS results obtained with a tip showing
an increase in the tunnel current, but not with the Fe atomghe Au atoms as bright protrusioriset points:—0.01 V,
that are not resolved; other adsorbafesy., in Fig. 6b)]  0.25 nA. For these measurements the postannealing step
cause an interaction that decreases the current at the Au atas not performed: 0.35 ML Au was grown on(B81) at a
oms, which probably allows the tip to come close enough tsubstrate temperature of 200°C. For this preparation, the
the surface to resolve the Fe lattice. island coverage corresponds to the amount of Au. In this

Between the measurements of Fig&)@and @b) an STS case, thall/dV curves that are obtained on the same area as
measurement was performed at the same &etpoints: in Fig. 7(a) (but after the topographic image was obtained
V¢=—0.5 V andl =0.20 nA). Figure €) shows thedl/dV  and with different set points—1.0 V, 0.5 nA show a
map at the bias voltage of 0.20 V. This voltage is chosen largely suppressed background at the high-voltage [&€dg,
since F€00Y) is known to have a localized,z-like surface Fig. 7(c)]. The dI/dV map atV,=+0.20 V [Fig. 7(b)]
state around this enerdy'® The dark areas in Fig.(6) are  shows bright and dark areas on both the terrace and the is-
bright in thed1/dV map which gives additional evidence that land. The island appears darker in tti¥dV map than the
the dark areas in Fig.(8 are the Fe atoms and the bright terrace that can be explained by the higher Au concentration
protrusions are the Au atoms. Also, since the dark atoms iin the island compared to the terrace for this particular prepa-
Fig. 6b) are positioned at the positions of the bright protru-ration. However, it is not trivial to correlate the contrasts in
sions in Fig. §a), these dark atoms must be the Au atoms. thedl/dV map to the atomic scale features in Figa)7 The

Two averagedll/dV curves are shown in Fig.(@). The reason is that the larger tunneling resistance during the spec-
areas in which the pixels have been averaged to obtain thesmscopy measurements leads to a larger tip-sample distance
curves are marked in Figs(8 to 6(c). Unfortunately, the tip  which deteriorates the resolutiottypically 0.7 nm, see
leading to the strong atomical and chemical contrast does netg23~19. Nevertheless, some tendencies can be recognized.
allow the F€001) surface state to be resolved in th&dV ~ To facilitate this purpose, equal areas are marked with
curve as a peak due to the rapidly rising background witrsquares and circles in Figs(af and fb). The brightest
increasing voltage. Instead, only a shoulder is observed. Thel/dV map contrasts on the terrace are found at put6@@e
influence of the tip configuration on the background waspatches of at least 1 neil nm. Although less clear, the
previously discussed for STS experiments on M(B8).1°  darkestd|/dV map contrasts on the terrace seem to be local-

The reversed contrasts of Figgapand Gb) show that a ized on areas which contain many Au atoms. The same con-
relation between the chemical contrast and thé@d6® sur-  clusion can be drawn for the island: The brightestdV
face state is not straightforward. Both images are recorded aap contrasts are found in areas which contain many dark
negative bias voltages, where the influence of the surfacspots(i.e. F@, while the darkestll/dV map contrasts on the
state on the electronic structure is negligible. Furthermoreisland are found on close-packed areas of bright protrusions
these types of contrasts change frequetvligen the tip con-  (Au).

165403-6



ANALYSIS OF THE SHORT-RANGE ORDER OF TH. .. PHYSICAL REVIEW B 67, 165403 (2003

Fourdl/dV curves which are representative of these fourwas prepared by growth of about 0.5 ML Au on an(()
different dl/dV map contrasts are shown in Fig(cl.  whisker at a temperature of about 170 °C. After growth, the
Clearly, the pure R@01 patches reveal a strong peak at surface was annealed at 700 °C. A strong preference for un-
+0.20 V (e.g., curve “1"). The areas of close-packed Au like nearest-neighbor sites was found. The pair occupation
atoms on the islande.g., “4”) show the other extreme: a probabilities for sites at larger distances follow a random
peak aroundct-0.70 V. Curves “2" and “3” show peaks at distribution. Step sites have a strong preference for Au at-
energies betweeft 0.20 and+0.70 V. It should be stressed oms. The interpretation of the Au and Fe atoms in the STM
that thedl/dV curves shown in Fig.(€) are only presenting images with chemical contrast was corroborated by STS re-
four typical curves measured at this complex surface; curvesults which reveal the well-known F#1) surface state at
“1” and “4” only represent the extremes that are observed. areas as small as 1 ARmUpward peak shifts of the Fe sur-

Instead of relating the-0.70 V peak to the Au, it seems face state were found on small Fe areas which are enclosed
more reasonable to relate it to an upward shift of the by incorporated Au atoms. It is clear that this shift strongly
surface state of K801). The incorporated Au atoms may depends on the local geometry, although, the typical resolu-
confine the F&O01) surface-state electrons to small patchestion during STS measurements is too low to allow for a more
thereby increasing their energy. The same kind of behavioprecise determination.
was observed on a EeSi;s surface alloy® here one-
dimensional localization of the F&01) surface state on an-
tiphase domain boundaries leads to an upward shift to ACKNOWLEDGMENTS
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