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Analysis of the short-range order of the AuÕFe„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 Fe~001! surface state shifts to higher energies on areas where pure Fe patches are confined
by Au atoms.

DOI: 10.1103/PhysRevB.67.165403 PACS number~s!: 68.35.Bs, 68.37.Ef, 73.20.At
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I. INTRODUCTION

In a recent publication we showed that the roughening
the Au~001!/Fe~001! interface is a result of the creation an
annihilation of a surface-confined alloy during growth of th
system.1 Scanning tunneling microscopy~STM! images with
chemical contrast revealed that for growth temperatu
above 100 °C and coverages below 0.5 ML Au atoms
come incorporated in the Fe~001! surface despite the immis
cibility of Au in bulk Fe.2 Growth of about 0.5 ML Au
around 200 °C was found to lead to a homogeneously
loyed surface layer. However, if more Au is added, t
surface-confined nature of the alloy3 leads to a demixing
with a roughened interface as a natural consequence. Un
standing of the processes driving the surface alloyi
dealloying and consequently the interface roughening are
portant since the quality of the interface, i.e., sharp/rou
mixed/pure, determines to a large degree the transport
magnetic properties of multilayer devices. In this persp
tive, the Au/Fe system can be considered as a perfect m
system. However, to come to a better understanding of th
phenomena a thorough characterization of the Au-Fe sur
alloy is necessary.

In the present paper we make use of STM images wh
show chemical contrast to analyze the short-range orde
the Au/Fe surface alloy. For this purpose, two methods
analysis are considered. The first method obtains the
occupation probabilities directly from the STM images. Th
kind of analysis was, e.g., presented by Davieset al. for the
Cr/Fe~001! surface alloy.4 The second method makes use
the autocorrelation of the STM images and was describe
detail by Hebenstreitet al.5 and Schmid6.

The surface state of the Fe~001! surface which appears a
a strong peak in the spectroscopicdI/dV curve7–10 can be
used as a chemical fingerprint of local Fe areas as was
cessfully shown by Davieset al. in the case of Cr on
Fe~001!.11 Also, in the present study scanning tunneli
spectroscopy~STS! is used to corroborate the interpretatio
0163-1829/2003/67~16!/165403~7!/$20.00 67 1654
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of the chemical contrast. Furthermore, it will be examin
how the Fe~001! surface state is influenced by the alloying

II. EXPERIMENTAL DETAILS

The experiments were performed in a home-built ult
high vacuum~UHV! system consisting of a fast-entry load
lock, a preparation chamber and an analysis chamber.
preparation chamber has a base pressure of about 1310210

mbar and contains equipment for sample cleaning, elec
beam heating, epitaxial growth, and Auger electron spect
copy ~AES!. The analysis chamber which contains the ST
has a base pressure of less than 5310211 mbar.

A single-crystal Fe~001! whisker with a size of abou
73131 mm3 was used as the sample. In the early stage
the cleaning process, AES showed that oxygen and car
impurities preferentially segregate to the surface at temp
tures between 200 °C and 300 °C. The AES signals of th
impurities were found to decrease again at higher annea
temperatures. Therefore, in order to get rid of these b
impurities most efficiently the ion bombardment~750 eV
Ar1) was performed while ramping the annealing tempe
ture between 150 °C and 750 °C. The sample temperatur
750 °C was verified with an infrared pyrometer. After a fe
days of these cycles, only oxygen could be detected by A
The ratio of the oxygen and iron peaks was about 2% at
stage. From the concentration of depressions in the S
images, this ratio can be translated into an oxygen cover
of about 1%. After this bulk-depletion stage, the whisker w
sputtered for about 45 min at 750 °C before the actual m
surement. The radiative cooling time to room temperat
was sufficient to repair any sputter damage as verified by
STM measurements which generally show terraces w
than 200 nm. This treatment also kept the surface impu
concentration below 1%.

Gold (99.99% pure! was evaporated from a Knudsen ce
which is shielded by a liquid nitrogen cooled shroud. Th
keeps the pressure in the low 1310210 mbar range during
©2003 The American Physical Society03-1
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FIG. 1. Chemically resolved
STM image of the Fe~001!
surface which was covered
with 0.5 ML Au and postan-
nealed at 700 °C (30 nm
330 nm, 20.28 V, 0.10 nA!.
60 pm depressed lattice sites ca
be observed in this image whic
show an apparent short-range o
der: The areas marked ‘‘A’’,
‘‘ B’’, and ‘‘ C’’ show a local
c(232) ordered area, a line
along the close-packed@100# di-
rection, and a line along the
@110# direction, respectively. ‘‘
D ’’ shows one of the deeper an
larger depressions, which are a
tributed to impurities.
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growth. The evaporation rate was typically 0.2 monolay
min as determined by a quartz crystal microbalance and
tograms of STM images obtained after submonolayer gro
of Au at temperatures below 100 °C. Here one monola
~ML ! is defined as a complete overlayer with Fe~001! bulk
lattice constant (1.21431019atoms m22). During growth, the
substrate can be resistively heated to a maximum temp
ture of about 250 °C. The sample temperature during gro
was measured by a thermocouple mounted close to~but not
in direct contact with! the sample making the inaccuracy
these temperature measurements large (630 °C).

The STM experiments were performed with an Omicr
UHV STM-1 operating at room temperature. Electrochem
cally etchedW tips were cleaned and sharpenedin situ by Ar
self-sputtering. During the STM measurements, the tips w
often ‘‘reconditioned’’ by applying voltage pulses of610 V
at about 0.1 nA. To be able to compare topographic featu
with spectroscopic ones, STS measurements were perfor
simultaneously with conventional constant current images
each pixel the feedback loop was temporarily switched of
record anI (V) curve. These images were measured at a
duced resolution of typically 75375 pixels to avoid strong
distortions due to drift. The images presented in this pa
were not corrected for drift. TheI (V) curves were numeri-
cally differentiated using a five-point window to obta
dI/dV.
16540
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III. RESULTS AND DISCUSSION

In Ref. 1 we showed that for submonolayer growth of A
~coverages below 0.5 ML! bright features appeared in th
Fe~001! terrace for growth temperatures above 100 °C. Sin
the concentration of these features increased with gro
temperature and Au coverage, we identified them as Au
oms which have place exchanged with substrate Fe ato
For growth of about 0.5 ML Au at about 200 °C a homog
neously alloyed overlayer was found. Nevertheless, this
loyed overlayer apparently did not show any long-range
der. To study this overlayer in detail, 0.5 ML of Au is grow
on Fe~001! at a substrate temperature of 170 °C. In contr
to the experiments in Ref. 1, after growth we postannea
the sample for 1 h at atemperature of 700 °C. The motiva
tion for this postannealing step was to see whether this tr
ment could result in an ordered surface alloy. Furthermo
postannealing reduces the island density which facilitates
analysis. The sample was radiatively cooled down to ro
temperature after the annealing step. Figure 1 shows
atomically and chemically resolved STM image of the s
face after this preparation. It must be noted that this stro
chemical contrast is only achieved with special tip con
tions. Possibly, in this case an adsorbate at the tip apex
teracts differently with the various species of surfa
atoms.12 This contrast does not show any strong influence
3-2
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TABLE I. Pair occupation probabilities for equivalent surface near-nearest neighbor sites~up to fifth
nearest neighbor!. Three STM images are analyzed and are labeled ‘‘1’’, ‘‘2’’, and ‘‘3’’ for convenien
However, only the image labeled ‘‘1’’ is shown in this paper~i.e., Fig. 1!. CAu andCFe are the Au and Fe
concentrations, respectively.PAuAu(n) andPFeFe(n) are the probabilities to find a Au-Au or Fe-Fe pair atnth
surface nearest-neighbor sites.

Image CAu PAuAu(1) PAuAu(2) PAuAu(3) PAuAu(4) PAuAu(5)

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

CFe PFeFe(1) PFeFe(2) PFeFe(3) PFeFe(4) PFeFe(5)

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
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the particular set points of tunneling current or bias volta
No islands are visible after the high-temperature postann
ing in contrast to the growth at about 200 °C.1 The terraces
show 60 pm deep depressions at the lattice sites of a we
corrugated (,10 pm)p(131) lattice. A long-range ordering
of the depressions is missing although locally sm
c(232) ordered patches~cf. the area marked ‘‘A’’ !, lines
along the close-packed@100# directions ~cf. marked ‘‘B’’ !
and lines along second nearest-neighbor@110# directions~cf.
marked ‘‘C’’ ! are often observed. The larger and dee
~about 100 pm deep! depressions~cf. marked ‘‘D ’’ ! are at-
tributed to oxygen impurities. Their concentration is abo
1%. Furthermore, tip conditions not allowing chemical co
trast image them as well.

STM images like Fig. 1 are digitized by manually tran
forming the square lattice into anm3n ~with m,n typically

FIG. 2. Topographic STM image showing chemical contr
across a step edge (11 nm311 nm, 20.28 V, 0.10 nA!. The Au
and Fe atoms at the step edge are marked. A stepped linear
scale has been used: the black-white range corresponds to
0.15 nm on both terraces. The black~white! perimeter along the step
edge is a gray scale artifact.
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around 50! matrix of which each element~corresponding to a
lattice site! can possess only three height values: ‘‘0’’ if th
site is occupied by an impurity, ‘‘1’’ if occupied by a brigh
atom, and ‘‘2’’ if occupied by a depressed atom. From the
matrices the surface coverage of the two species (CAu and
CFe) and the pair occupation probabilities for equivale
(PAuAu(n) and PFeFe(n)) and inequivalent surface nea
neighbor sites (PAuFe(n) and PFeAu(n)) can be determined
Near-neighbor sites up to the fifth nearest neighbor (n55)
are considered. Sites having impurities at near-neighbor s
closer than five times the nearest-neighbor distance are
carded from the analysis. The results of this analysis
shown in Table I for three STM images. First, it follows th
the concentration of the depressed sites in Fig. 1
0.265 ML. From this it can be concluded that the depres
lattice sites are the Au atoms, since only 0.50 ML Au w
deposited. It also means that about half of the deposited
disappears into the bulk after the high-temperature pos
nealing step. Table I shows that only the pair occupat
probabilities for equivalent nearest- and next-neare
neighbor sites deviate from a random distribution for whi

t

ray
out

FIG. 3. Histogram of the apparent heights of the pixels cor
sponding to the atom positions of Fig. 1~gray curve!. This histo-
gram is fitted to a sum of two Gaussians~black curve!. The results
for the fitting parametersm1–m6 are shown as well. The Au cov
erage can be determined from the ratio between the Gaussian
amplitudes:CAu512m4 /(11m4).
3-3
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M. M. J. BISCHOFF, T. K. YAMADA, AND H. van KEMPEN PHYSICAL REVIEW B67, 165403 ~2003!
PAuAu(n) (PFeFe(n)) would be simplyCAu (CFe). More spe-
cifically, PAuAu(1) is only 5862% of the value expected fo
a random distribution, whilePFeFe(1) is reduced to 94
61%. From these values it can be concluded that nea
neighbors of different species are preferred. The values
the second nearest neighbors are less different from a
dom distribution although there is a slight preference
equivalent species:PAuAu(2) and PFeFe(2) are 11168% and
10261% of the values expected for a random distributio
The probabilities forn.2 are equivalent to the random di
tribution within the accuracy of the analysis.

Figure 2 shows an atomically and chemically resolv
STM image across a monoatomic step. It can be seen tha
steps have a preference for Au atoms. About 80% of the
edge sites are occupied by Au atoms which is three tim
higher than the value expected for a random distribution

To check the reliability of the results obtained above,
method based on the autocorrelation as described
Hebenstreit5 and Schmid6 is also used to analyze the sho
range order of the Au-Fe surface alloy. For this purpose
chemically resolved STM image of Fig. 1 is first bandpa
filtered to enhance the atomic lattice. A local maxima sea
is implemented to find the pixel positions of the atoms. T
histogram of the apparent heights of these pixels is show
Fig. 3 and shows two well-separated peaks. This histogra
fitted to a sum of two Gaussians,

f ~x!5~m1 /m2!exp$2@~z2m3!/m2#2%

1~m1m4 /m5!exp$2@~z2m6!/m5#2%. ~1!

FIG. 4. Autocorrelation analysis of STM image with chemic
contrast~Fig. 1!. The STM image is modified as described in t
text. ~a! shows the autocorrelation of the atomic image~i.e., all
atoms have the same height!. ~b! shows the autocorrelation of th
chemical image~the Au and the Fe atoms have a different heigh!.
The white square in the center of the image is a gray scale art
@AC(0) is one, while at the other lattice sites it is much lowe#.
Equivalent points in these images are marked. White circles co
spond toAC(1), black circles toAC(2), dotted circles toAC(4).
See text for discussion.
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The values ofm1–m6 which are the results of the fitting
procedure are shown in Fig. 3 as well. The Au concentrat
on the surface can be extracted fromm4,5,6

CAu512m4 /~11m4!. ~2!

Thus, for the image of Fig. 1 we find an Au concentration
0.269 which is in good agreement with the result obtained
the first ~direct! method ~see image ‘‘1’’ in Table I!. The
apparent height which separates the two histogram pe
~roughly 20.01 nm) is used as a discriminator: pixels wi
height smaller than this value are put at2ACAu /CFe, while
pixels with a larger height are put at1ACFe/CAu.

5,6 Then,
the single-pixel atom positions are broadened to 333 pixel
clusters. The values of the remaining background pixels
put at a value that assures that the average of the total im
is zero. The autocorrelation of this ‘‘chemical’’ image is ca
culated.

By setting the pixel clusters that describe the atom po
tions at equal values, the chemical information is lost.
definition, the autocorrelation of this ‘‘atomic’’ image mus
be one at lattice distances. However, deviations from a p
fect square lattice~due to distortions! result in autocorrela-
tions less than one. These deviations influence the auto
relation of the chemical image equivalently. Therefore,
compensate for these errors the autocorrelation values
tained from the chemical image are normalized by the au

ct

e-

FIG. 5. Pair occupation probabilities for Au-Au pairs~image 1
of Table I! specified for each lattice direction. The values at the g
sites are slightly enhanced in agreement with the autocorrela
results of Fig. 4~b!. The gray sites make up an apparent surfa
alloy unit cell with an Au concentration of 1/3.
the
TABLE II. Autocorrelations (AC) for the five nearest-neighbor distances obtained directly from
chemically resolved STM image~Fig. 1! and obtained from the probabilities of Table I~averages of three
images! and Eqs.~3! and ~4!.

AC(1) AC(2) AC(3) AC(4) AC(5)

Direct calculation 20.2160.01 10.0460.02 0 0 0
From probabilities 20.1660.01 10.0560.02 0 0 0
3-4
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ANALYSIS OF THE SHORT-RANGE ORDER OF THE . . . PHYSICAL REVIEW B 67, 165403 ~2003!
FIG. 6. ~a! and ~b! are con-
secutively obtained STM image
of the same area of the Au-F
surface alloy (15 nm315 nm).
The set points for these image
are 21.0 V, 0.04 nA ~a! and
20.28 V, 0.01 nA~b!, respec-
tively. A change of the tip apex
configuration leads to a differen
contrast: the protrusions in~a!
correspond to the dark lattice
sites in~b!. A spectroscopy mea-
surement is performed at th
same area (Vs520.5 V,
I 50.20 nA). ~c! shows the
dI/dV map atVs510.20 V. ~d!
showsdI/dV curves obtained by
averaging the single dI/dV
curves obtained in the encircle
areas in Figs. 3~a!–3~c!.
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correlation values from the atomic image. Both autocorre
tion images are shown in Fig. 4.

The interpretation of this method is as follows. An aut
correlation value of zero corresponds to a random distri
tion. An autocorrelation of11 means that atoms of the sam
species are preferred, while a negative value means tha
oms of different species are preferred. For the latter case
minimum value is given by 121/CFe, i.e., 20.37 (21 is
only obtained for a perfectly orderedc(232) structure!.
Figure 4~b! shows that a large negative value for the au
correlation~AC! is found at the nearest-neighbor distanc
Averaging over the four equivalent sites givesAC(1)
520.2160.01. The autocorrelation of the averaged seco
nearest-neighbor sites is slightly positive:AC(2)510.04
60.02. The autocorrelations for larger distances averag
zero. However, a more careful look at Fig. 4~b! reveals that
there is a weak asymmetry inAC(2) andAC(4): slightly
larger values are found at two diagonally linked sites for b
AC(2) andAC(4).

Now the results of both methods can be compared
using the relation between the autocorrelations and the
occupation probabilities,5,6

Wdiff~n!52CFeCAu@12AC~n!#. ~3!

Wdiff(n) is the probability to find a pair of different atoms
nth nearest-neighbor sites and can be expressed in the p
abilities given in Table I,
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Wdiff~n!5CAuPAuFe(n)1CFePFeAu(n). ~4!

PAuFe(n) and PFeAu(n) are simply given by 12PAuAu(n) and
12PFeFe(n), respectively. Using the values of Table I, aut
correlation values are calculated from Eqs.~3! and ~4!. The
results are shown in Table II together with the autocorre
tions obtained from Fig. 4. It is clear that both methods le
to similar results.

To confirm whether the weak asymmetry in theAC(2)
andAC(4) values is a real effect or an artifact of the ana
sis, the pair occupation probabilities for image 1 of Tabl
are specified for the different directions. Figure 5 shows t
the asymmetries are also found in the directly obtained p
occupation probabilities. This seems to point at a unit cell
the surface alloy which contains 6 atoms of which 2 are A
Remarkably, the Au concentration in this cell is 1/3 which
comparable to the Au concentration in the surface. Theref
this cell might be the result of a balance between the
surface concentration and repulsive Au-Au interactions. T
asymmetry might be imposed by the monoatomic steps
the Fe~001! surface. Indeed, comparison with Fig. 2 show
that the short direction of the unit cell of the surface alloy
parallel to the step direction. The preference for Au atoms
the step edge sites might thus induce the observed asym
try.

In contrast to the images shown in Ref. 1, in which on
the Au atoms are visible, Figs. 1 and 2 show both specie
3-5
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FIG. 7. STS measuremen
performed at Fe~001! covered
with 0.35 ML Au at 200 °C. The
size of ~a! and ~b! are 13 nm
313 nm. ~a! is the topographic
image obtained at a set point o
20.01 V, 0.25 nA and~b! is the
dI/dV map at Vs510.20 V.
The spectroscopic measureme
~set point:21.0 V, 0.5 nA! was
performed after the topographi
image. Squares in~a! and~b! in-
dicate equivalent areas.~c!
shows four dI/dV curves that
are representative of the four dif
ferent contrasts in thedI/dV
map. These curves are averag
of the curves obtained within the
labeled squares and circle
~1–4!.
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the Au-Fe alloyed overlayer. Occasionally, changes in the
configuration, probably caused by the exchange of the
apex atom, lead to large changes in contrast. As an exam
Figs. 6~a! and 6~b! show two consecutively obtained STM
images of the same area. It is obvious that the 15 pm h
protrusions in Fig. 6~a! correspond to the dark lattice sites
Fig. 6~b!. Some adsorbates at the tip@e.g., in Fig. 6~a!# lead
to a strong interaction with the embedded Au atoms caus
an increase in the tunnel current, but not with the Fe ato
that are not resolved; other adsorbates@e.g., in Fig. 6~b!#
cause an interaction that decreases the current at the A
oms, which probably allows the tip to come close enough
the surface to resolve the Fe lattice.

Between the measurements of Figs. 6~a! and 6~b! an STS
measurement was performed at the same area~set points:
Vs520.5 V andI 50.20 nA). Figure 6~c! shows thedI/dV
map at the bias voltage of10.20 V. This voltage is chose
since Fe~001! is known to have a localizeddz2-like surface
state around this energy.7–10 The dark areas in Fig. 6~a! are
bright in thedI/dV map which gives additional evidence th
the dark areas in Fig. 6~a! are the Fe atoms and the brig
protrusions are the Au atoms. Also, since the dark atom
Fig. 6~b! are positioned at the positions of the bright protr
sions in Fig. 6~a!, these dark atoms must be the Au atom

Two averageddI/dV curves are shown in Fig. 6~d!. The
areas in which the pixels have been averaged to obtain t
curves are marked in Figs. 6~a! to 6~c!. Unfortunately, the tip
leading to the strong atomical and chemical contrast does
allow the Fe~001! surface state to be resolved in thedI/dV
curve as a peak due to the rapidly rising background w
increasing voltage. Instead, only a shoulder is observed.
influence of the tip configuration on the background w
previously discussed for STS experiments on Mn/Fe~001!.10

The reversed contrasts of Figs. 6~a! and 6~b! show that a
relation between the chemical contrast and the Fe~001! sur-
face state is not straightforward. Both images are recorde
negative bias voltages, where the influence of the surf
state on the electronic structure is negligible. Furthermo
these types of contrasts change frequently~when the tip con-
16540
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dition is changed! and show no particular influence on th
tunneling setpoints. In other words, no evidence was fou
that the chemical contrast is enhanced around the surf
state energy. Therefore, instead of explaining the chem
contrast in terms of the Fe~001! surface state, the best we ca
do at present is to identify both types of atoms by mak
use of the Fe~001! surface state.

Figure 7 shows STS results obtained with a tip show
the Au atoms as bright protrusions~set points:20.01 V,
0.25 nA!. For these measurements the postannealing
was not performed: 0.35 ML Au was grown on Fe~001! at a
substrate temperature of 200 °C. For this preparation,
island coverage corresponds to the amount of Au. In t
case, thedI/dV curves that are obtained on the same area
in Fig. 7~a! ~but after the topographic image was obtain
and with different set points:21.0 V, 0.5 nA! show a
largely suppressed background at the high-voltage side@e.g.,
Fig. 7~c!#. The dI/dV map at Vs510.20 V @Fig. 7~b!#
shows bright and dark areas on both the terrace and th
land. The island appears darker in thedI/dV map than the
terrace that can be explained by the higher Au concentra
in the island compared to the terrace for this particular pre
ration. However, it is not trivial to correlate the contrasts
the dI/dV map to the atomic scale features in Fig. 7~a!. The
reason is that the larger tunneling resistance during the s
troscopy measurements leads to a larger tip-sample dist
which deteriorates the resolution~typically 0.7 nm, see
e.g.13–15!. Nevertheless, some tendencies can be recogni
To facilitate this purpose, equal areas are marked w
squares and circles in Figs. 7~a! and 7~b!. The brightest
dI/dV map contrasts on the terrace are found at pure Fe~001!
patches of at least 1 nm31 nm. Although less clear, the
darkestdI/dV map contrasts on the terrace seem to be loc
ized on areas which contain many Au atoms. The same c
clusion can be drawn for the island: The brightestdI/dV
map contrasts are found in areas which contain many d
spots~i.e. Fe!, while the darkestdI/dV map contrasts on the
island are found on close-packed areas of bright protrus
~Au!.
3-6



u

at
u
a

d

ve
d.
s

y
e
vi

-

ai

n
lo

the
un-

tion
m
at-
M
re-

t
r-
sed
ly

olu-
re

the
g

ap-

n

tt

ga

r-
ce

in

J

B

n,

ev.

.
ys.

nd

ANALYSIS OF THE SHORT-RANGE ORDER OF THE . . . PHYSICAL REVIEW B 67, 165403 ~2003!
Four dI/dV curves which are representative of these fo
different dI/dV map contrasts are shown in Fig. 7~c!.
Clearly, the pure Fe~001! patches reveal a strong peak
10.20 V ~e.g., curve ‘‘1’’!. The areas of close-packed A
atoms on the island~e.g., ‘‘4’’ ! show the other extreme:
peak around10.70 V. Curves ‘‘2’’ and ‘‘3’’ show peaks at
energies between10.20 and10.70 V. It should be stresse
that thedI/dV curves shown in Fig. 7~c! are only presenting
four typical curves measured at this complex surface; cur
‘‘1’’ and ‘‘4’’ only represent the extremes that are observe

Instead of relating the10.70 V peak to the Au, it seem
more reasonable to relate it to an upward shift of thedz2

surface state of Fe~001!. The incorporated Au atoms ma
confine the Fe~001! surface-state electrons to small patch
thereby increasing their energy. The same kind of beha
was observed on a Fe96.5Si3.5 surface alloy:8 here one-
dimensional localization of the Fe~001! surface state on an
tiphase domain boundaries leads to an upward shift
10.6 V. Geometrically, the local structure of these dom
boundaries resemble the present local structures.

IV. CONCLUSION

We presented two independent analyses of the short-ra
order of the surface-confined AuFe alloy. This surface al
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