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Photoelectron diffraction study of ultrathin Fe films on Cuˆ111‰
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Using photoelectron diffraction in the scanned-energy mode we show that at 300 K iron grows pseudomor-
phically on Cu$111% up to a thickness of about two equivalent monolayers. The Fe-Cu layer separation is 1.99
Å. Above this thickness the film becomes bcc with$110% orientation and is aligned such that the^111& rows are
parallel to thê 110& rows of the fcc$111% surface~Kurdjumov-Sachs orientation!. The Fe-Fe first-layer sepa-
ration is 1.95 Å.@S0163-1829~99!01903-7#
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I. INTRODUCTION

Ultrathin films of metastable fcc, org-, iron can be pre-
pared epitaxially on fcc metal single-crystal surfaces up
thicknesses of a few monolayer equivalents~MLE!,1–14 even
though the lattice constant of the substrate may not ma
exactly that of the iron. The necessary conditions for t
so-called pseudomorphic growth are that the surface en
of the overlayer should be lower than that of the substr
and that the lattice mismatch is indeed quite small. Beca
the lattice parameter ofg-iron ~3.59 Å, when extrapolated
from above the martensitic transition at 1183 K down
room temperature! is very close to that of Cu~3.61 Å!, the
latter has proved to be a suitable substrate material. Bec
of the rich variety of magnetic behavior ofg-iron depending
on its lattice constant, there has been considerable intere
the magnetic properties of iron films grown on Cu.15–17

While on Cu$100% a high-spin, tetragonally distorted pha
as well as a low-spin fcc phase have been observed,16 on
Cu$111% the thermally deposited films show low-spin ferr
magnetic or ferrimagnetic phases.15 Structural studies have
recently been extended to thin films of Mn, Cr, and Co.18–27

Most studies have been concerned hitherto with the pse
morphic growth of Fe on Cu$100%, a system for which rathe
detailed structural studies have been published~see Refs. 2,
7, 10, and 11, and references therein!. Less attention has
been paid to the ultrathin Fe films that can be grown
Cu$111%. In an early low-energy electron diffraction~LEED!
and Auger study of this system Gradmannet al.28 reported
layer-by-layer growth of ‘‘completely pseudomorphic’’g-Fe
to a thickness of about 10 Å followed by island growth to
least several tens of Å. For thicker films the LEED patte
gradually changed to that corresponding to normal~bcc!
a-Fe$110%, such that the close-packed^111& rows of the bcc
crystal are parallel to the close-packed^110& rows of the
fcc~111! surface. This is known as the Kurdjumov-Sac
~KS! orientation and is shown schematically in Fig. 1. A
other possibility would be the Nishiyama-Wasserman~NW!
orientation for which thê100& bcc direction is parallel to fcc
^110&. Quantitative LEED studies were performed for film
of thicknesses 1 and 5 MLE by Dariciet al.1 and Tianet al.,5

respectively, who also found pseudomorphic growth. Us
PRB 590163-1829/99/59~3!/2313~7!/$15.00
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forward-scattering x-ray photoelectron diffraction~XPD!
Kief and Egelhoff6,19 established that there are tw
temperature-dependent growth modes. At 80 K the iron la
has the bcc structure, but at 300 K it grows initially fcc a
then relaxes to bcc at a thickness between 3 and 6 MLE.
data also showed that the bcc film has the KS orientation
did the LEED work of Tianet al.5 At both temperatures
nearly layer-by-layer growth was found to occur. Scann
tunneling microscopy has shown that in the submonola
regime an island structure is formed.8 The low-energy ion-
scattering data of Detzel and Memmel29 have indicated that
surface segregation of Cu to the surface of the iron fi
occurs for growth at 300 K. Similar results have recen
been obtained for Co layers on the same substrate.22

We have previously shown that photoelectron diffracti
~PhD! in the scanned-energy mode can be useful for study
the very early stages of metallic-film growth.14,25 In this ex-
periment the intensity of an~adsorbate! core-level photo-
emission line is measured as a function of photon ene
and thus of photoelectron kinetic energy, at a fixed-emiss
angle.30 The observed-intensity modulations are due to
interference of the component of the photoelectron wave

FIG. 1. Schematic diagram showing the relative azimut
alignment of an fcc~111! substrate~left! and bcc~110! overlayer
~right! in the Kurdjumov-Sachs orientation.
2313 ©1999 The American Physical Society
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2314 PRB 59A. THEOBALD et al.
reaches the detector directly with those components tha
first scattered from neighboring atoms. The path-length
ferences that reflect both the direction and separation of
neighboring scatterers from the emitter atom thus con
information on the local structure. Notice that this approa
picks out the backscattering scattering paths~true forward
zero-degree scattering involves no path-length differen!
and so provides information especially on the emitter lo
tion relative to the underlying substrate. By contrast,
higher-electron kinetic-energy angle-scan XPD experime
mentioned above6,19 provide information mainly on the
forward-scatterer atoms that lie above the emitter. In orde
extract the structure information the intensity modulatio
are simulated with a multiple-scattering computer code
various model structures in a trial-and-error procedu
Long-range order in the overlayer is not a necessary pre
uisite, although the presence of more than two different lo
geometries, e.g., two different adsorption sites, does com
cate the data analysis and increases the probability of a
guities or reduced precision in the resulting structure.

In the present paper we describe a scanned energy-m
photoelectron-diffraction study of the system Cu$111%-Fe,
which confirms essentially the forward-scattering result
300 K, but also gives quantitative structural information
the ultrathin films.

II. EXPERIMENTAL DETAILS AND DATA ANALYSIS

The PhD data were recorded in a purpose-built ultrah
vacuum system on the HE-TGM-1 monochromator31 at the
Berlin synchrotron radiation source BESSY. A 152 m
mean radius 150° electrostatic deflection analyzer with th
parallel channeltrons~VG Scientific! was used to measur
the signal at a fixed angle of 60° relative to the photo
incidence direction. The Cu$111% sample was prepared b
the usual methods of orientation with Laue x-ray diffractio
spark machining, polishing, andin situ cleaning with argon
bombardment and anneal cycles. A well-defined (131)
LEED pattern was then observed; atomic cleanliness
monitored with core-level photoelectron spectroscopy us
synchrotron radiation. The iron films were evaporated o
the substrate at 130 and 300 K. The Fe 2p3/2 photoelectron-
diffraction spectra for 0.4 MLE at 300 K were taken at po
emission angles between210° and 50° in thê110& azimuth
and the twô 211& azimuths in 10° steps. Further modulatio
functions at 1.1, 2.5, and 4.9 MLE were measured in the
emission directions, which showed the strongest modulat
at 0.4 MLE. Although deposition took place at 300 K, th
sample was cooled to 130 K in order to take the diffract
data. At a deposition temperature of 130 K quantitative m
surements were made in altogether 13 different emission
rections. The Fe 2p3/2 core-level signal was recorded i
photon-energy steps of 2 eV for kinetic energies of ab
620 eV around the Fe 2p3/2 core-level peak to give the en
ergy distribution curves. The intensity of each of these pe
was then determined by background subtraction and inte
tion, and the resulting intensity-energy spectra between
and 450 eV were normalized to give the modulati
functions:32

xex~u,f,k!5@ I ~k!2I 0~k!#/I 0~k!, ~1!
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where I and I 0 are the diffractive and nondiffractive inten
sity, u and f are the polar and azimuthal emission angl
andk is the modulus of the photoelectron wave vector.

The commercial-evaporation source~Omicron! contained
a piece of iron wire~purity 99.99%! heated by electron bom
bardment. The evaporation rate, which could be monito
by the ion current at the exit tube, was held constant at ty
cally 0.0045 MLE s21 during an experiment. It was cali
brated by measuring the attenuation of the Cu 3p substrate
signal as a function of time at coverages!1 MLE. One can
easily show that for the growth of a monolayer,33

I /I 0512~12s!at. ~2!

s5exp(d/l), wherel is the mean free path for inelastic ele
tron scattering in iron,a the arrival rate, andQ(in MLE)
5at. For the other extreme, namely, growth in islands
uniform thicknessNd,

I /I 0512~12sN!aNt/N. ~3!

aN is the upper boundary for the rate of arrival of Fe atoms
the substrate surface. In the case of Volmer-Weber gro
the attenuation of the substrate signal with time will be mo
complicated, falling~at least for,1 MLE! between the two
straight lines given by Eqs.~2! and ~3!. At very low cover-
ages, however, it will be almost linear and virtually identic
with that given by Eq.~2!. The latter can then be used t
calibrate the evaporation rate, and thus to determine all ot
higher coverages. The main source of error in the cover
determination lies in the value forl, which has to be taken
from the literature. In the case of Cu$100%-Mn ~Ref. 25!
LEED patterns could be used for additional calibration. U
ing Eq. ~2! there was agreement to within a few percent
the point at which the half-order diffraction features asso
ated with the (&3&)R45°-Mn structure have their maxi
mum intensity at 0.5 MLE. In general, however, the unc
tainty in l may be as high as 25%, which is also the upp
limit for the error in the thickness. In the present study w
have used an interpolated value forl of 14.3 Å for iron at
860 eV, as given by Tanumaet al.34

III. SIMULATIONS

In the Berlin-Warwick approach to quantitative
photoelectron diffraction,30,32 structure determination gene
ally proceeds in two stages. The projection method35 is first
used to determine the adsorption site. This consists of
‘‘inversion’’ of the experimental data to produce a real-spa
image of the near-neighbor backscatterers surrounding
emitter. The underlying physical principle is that modulati
functions recorded in directions that correspond to 180° s
tering from a near-neighbor substrate atom show particul
strong modulations. Under these circumstances the mod
tion function is dominated by this single-scattering eve
and the periodicity can be described by taking only one s
terer into account. The method produces a three-dimensi
intensity map of the space around the emitter, with ma
mum values of the ‘‘projection integral’’ in regions corre
sponding to the nearest-neighbor backscatterers. This s
thus provides a valuable first indication of the most proba
local-adsorption site for subsequent optimization.

The second stage is a true quantitative-structural anal
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using an iterative ‘‘trial-and-error’’ procedure, which in
volves a comparison of a reduced set of usually six to e
experimental spectra with the results of full multipl
scattering simulations based on trial-model structures. Th
calculations are performed on the basis of an expansio
the final-state wave function into a sum over all scatter
pathways, which the electron can take from the emitter a
to the detector outside the sample. A magnetic quant
number expansion of the free-electron propagator is use
calculate the scattering contribution of an individua
scattering path.36 Double- and higher-order scattering even
are treated by means of the reduced angular momen
expansion.37 The finite-energy resolution and angular acce
tance of the electron analyzer are included. Anisotropic
brations for the emitter atom and isotropic vibrations for t
scattering atoms are also taken into account. The compar
between theory and experiment is quantified by the use o
objective reliability factor

Rm5( ~x th2xex!
2Y ( ~x th

2 1xex
2 !, ~4!

where a value of 0 corresponds to perfect agreement, a v
of 1 to uncorrelated data, and a value of 2 to anticorrela
data.30,32 The search in parameter space to locate the st
ture having the minimumR factor was helped by the use o
a Marquardt algorithm, in which the calculation of the cu
vatures is made considerably faster by using the so-ca
linear method.38

In order to estimate the errors associated with the in
vidual structural parameters we use an approach base
that of Pendry, which was derived for LEED.39 This involves
defining a variance in the minimum of theR factor Rmin as

Var~Rmin!5RminA~2/N!, ~5!

whereN is the number of independent pieces of structu
information contained in the set of modulation functio
used in the analysis. All parameter values giving structu
with R factors less thanRmin1Var(Rmin) are regarded as
falling within one standard deviation of the ‘‘best fit’’ struc
ture. More details of this approach, and in particular the d
nition of N, can be found in a recent publication.40

IV. RESULTS AND DISCUSSION

A set of normal-emission modulation functions for F
films deposited at a substrate temperature of 300 K co
sponding to thicknesses of 0.4, 1.1, 2.5, and 4.9 MLE
shown in Fig. 2. The modulation amplitude of;60.2 is
typical for each of the five identical emission directions me
sured for each thickness. The 0.4 and 1.1 MLE norm
emission spectra of Fig. 2 are very similar to each other
are those at 2.5 and 4.9 MLE. Between 1.1 and 2.5 M
however, the modulation function clearly changes its for
indicating that a change in the structure of the iron film tak
place. Similar differences were found for the modulati
functions measured at other emission angles~see Sec. II!.
Apart from an increase in the diffuse background, the
31) LEED pattern remained essentially unaltered during
change in structure. We note that previous studies of
system indicate a structural transition with increasing cov
t
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age from fcc to bcc: Kief and Egelhoff6,19 identify this tran-
sition as occurring between 3 and 6 MLE, while Tianet al.5

certainly found the bcc structure at 13 MLE. In the prese
paper detailed structural analyses were carried out for the
and 4.9 MLE Fe films, which appear to typify the low- an
high-coverage regimes in our experiments.

In the first step of the analysis of the 0.4 MLE data t
projection method35 was first applied in order to establish th
most probable adsorption site. The projection integrals w
calculated using the full-data set, although this is not actu
necessary: as few as five or six modulation functions
normally sufficient. The result is shown in Fig. 3 in the for
of gray-scale maps of cuts~a! perpendicular to the surfac
passing through the Fe emitter@located at~0,0,0!# in a ^211&
azimuth, and~b! parallel to the surface at an appropria
distance below~2.0 Å! so as to intersect the feature seen
the perpendicular cut. Dark regions correspond to maxim
the value of the projection integral and indicate the m
probable locations of backscatterers, in this case the Cu
oms~or possibly other Fe atoms! forming the adsorption site
The crescentlike shape of the ‘‘images’’ of the substrate
oms is an artifact of the method.35 The clear inference to be
drawn from Fig. 3 is that the Fe atom is situated in a thr
fold symmetric site. Moreover, because of the azimuthal o
entation of the pattern relative to the known crystallograp
directions, it can be immediately concluded that it is the
site ~directly above a third-layer atom!, which is occupied.
Even in this first stage of the analysis it is, therefore, app
ent that pseudomorphic growth occurs. Note that the pro
tion method is not able to distinguish between layer grow

FIG. 2. Normal-emission modulation functions for Fe layers
Cu$111% of different thickness prepared at room temperature. N
the change in the modulation functions between 1.1 and 2.5 M

FIG. 3. Results from the application of the projection method
the 300 K Cu$111%-Fe system at 0.4 MLE. Film deposition too
place at a substrate temperature of 300 K. Cuts~a! perpendicular to
the surface in â211& azimuth and~b! parallel to the surface 2.0 Å
below the emitter are shown.
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2316 PRB 59A. THEOBALD et al.
and island growth. Although the backscattering from Cu
oms is implicitly assumed in the calculation of the projecti
integrals, the scattering factors for Fe and Cu are sufficie
similar that an ‘‘adsorption site’’ consisting of Fe atoms
the outer layer of a pseudomorphic Fe island would give
same result.

The full-scale simulations were carried out by comparis
with the eight experimental modulation functions shown
Fig. 4 ~bold lines!. The polar angle of emission and the cry
tal azimuth are given in each case. Three different mo
structures were tested, each assuming occupation of fcc
low sites: a Fe monolayer, a Fe bilayer, and a Cu-Fe
sandwich structure consisting of a Fe monolayer with a
monolayer on top. Figure 5 defines the structural parame
varied in the simulations; the Fe monolayer is used as
example. The bestR factor of 0.25 was obtained for th
monolayer with a variance of 0.04. The values for the bila
and the sandwich structure were 0.31 and 0.40, respectiv
both of which are clearly outside the variance. The agr
ment for the sandwich structure is so poor that we will n
consider it further here, although we note that low-ene

FIG. 4. Bold curves: Fe 2p3/2 modulation functions measured i
eight different directions for a 0.4 MLE iron layer deposited on
Cu$111% surface at 300 K. Light curves: multiple scattering simu
tions for an iron monolayer.

FIG. 5. The structural parameters used in the multiple-scatte
simulations to fit the experimental modulation functions.
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ion scattering shows some evidence for segregation of
atoms to the surface of the iron film at 300 K.29 We return to
the bilayer model below. The calculated ‘‘best-fit’’ modula
tion functions for the monolayer are shown as faint curves
Fig. 4. Whereas the agreement is not perfect, most of
major features are reproduced by the calculation, as indic
by the moderately goodR factor of 0.25.

The optimum values of the three structural parameters
both the monolayer and bilayer are given in Table I. T
Fe-Cu layer spacingd12 is 1.99(60.03) Å for the mono-
layer, which is slightly smaller than the Cu-Cu layer spaci
of 2.04(60.02) Å for clean Cu$111%.1 We note that the val-
ues ford12 are identical for the monolayer and bilayer an
that in the case ofd13 and d14 they are also very similar
lying within their respective precisions estimates. In this si
ation it is appropriate to consider a third possibility, name
the coexistence of monolayer and bilayer regions, simply
adding the modulation functions of the two with differe
weightings and determining theR factor by comparison with
the experimental data of Fig. 4.~Strictly one should perform
a separate structural optimization for each monolayer/bila
ratio, but this involves a huge computational effort and w
felt to be inappropriate.! The result is shown in Fig. 6~a! in
which theR factor is plotted against the percentage of
layer islands. The minimum occurs for a bilayer fraction
below 10%. A parabola has been fitted to the calcula
points and reachesR50.29, the value of the lowestR factor
plus its variance, at a bilayer fraction of 78%. The pu
monolayer thus remains the most probable structure for
Fe film at 0.4 MLE thickness, but the presence of the bila
regions covering up to almost 80% of the surface canno
excluded. If a significant fraction of the surface were to
covered with bilayers, a small proportion of trilayer regio
might also be expected, but this possibility was not test
again because of the huge computational effort involv
Based on the data listed in Table I, the atomic volume of
bilayer is Va511.3(60.3) Å3, which is only slightly less
than that forg-iron ~lattice parameter 3.59 Å! of 11.6 Å3.
These values correspond to the antiferromagnetic state.11

Although the results of the projection method imply o
cupation of the fcc sites alone, the method is designed
pick out only the strongest scatterer contributions, and in
case of multiple-site occupations it suppresses informa
from any ‘‘minority species.’’ The specific possibility of par
tial occupation of fractional occupation of hcp hollow sit
~directly above second-layer atoms! was therefore tested. In
this case a full optimization of both the ratio of fcc and h
site occupation and the local geometry of each site was
g

TABLE I. Measured interlayer spacings for thin Fe films depo
ited on Cu$111% at 300 K.

Parameter Value~Å!

0.4 MLE ~fcc! monolayer bilayer
d12 1.99~3! 1.99~5!

d13 4.12~7! 4.09~7!

d14 6.62~20! 6.23~17!

4.9 MLE ~bcc; Kurdjumov-Sachs orientation! thick film
d12 1.95~6!

d13 3.98~3!
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formed. The result is shown in Fig. 6~b! in which the R
factor is plotted as a function of the relative percentage
fcc/hcp site occupation. The minimum in theR factor of 0.24
occurs for 12% hcp sites. Complete occupation of hcp s
corresponds to anR factor in excess of 0.80, which is clear
unacceptable. The horizontal line corresponding to anR fac-
tor of Rmin plus the variance~0.04! intersects the parabola a
the 33% hcp site occupation. Therefore, the most proba
structure of the monolayer has 88% of the Fe atoms in
sites, although a lower limit of 67% is theoretically possib
We note, however, that 100% fcc site occupation—perh
the expected result—is well within the error estimate.

We now turn our attention to the film of 4.9 MLE thick
ness. In this case the projection method did not give a re
compatible with adsorption on a highly symmetric adso
tion site on a Cu$111% surface. The only feature was a diffus
structure about 2.2 Å directly beneath the emitter, which
probably an artifact associated with the sum of many diff
ent near-neighbor directions rather then a simple atop ge
etry. In consequence, three specific structures were s
lated, namely, a thick (.10 MLE) pseudomorphic film as
well as thick (.10 MLE) bcc$110% films in both the KS and
NW orientations. Whereas theR factor for the pseudomor
phic film was over 0.6, the result for the KS-bcc film w
0.18 and for the NW-bcc film 0.21. With a variance of 0.
the NW orientation cannot be excluded on the basis of
photoelectron-diffraction data alone. However, the fact t
only the KS orientation is observed in LEED for thick
films is a very strong indication that this geometry
adopted. The good agreement between the simulated
measured modulation functions for the KS orientation
shown in Fig. 7. The structural parameters varied were
layer distancesd12 and d13 ~see for example Fig. 5!; the
results are given in Table I.d12 exhibits a contraction of

FIG. 6. ~a! R factor as a function of the bilayer/monolayer rat
for the 0.4 MLE Fe film on Cu$111%. The intersection of the para
bolic fit through the points and the variance in theR factor yields
the precision.~b! R factor as a function of the fractional fcc/hcp si
occupation in a monolayer for the system Cu$111%-Fe at 0.4 MLE.
f
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4(62)% relative to the bulk-layer spacing of 2.03 Å. Ad12

value of 2.04 Å has been found with LEED for the surface
a bulk $110% single crystal.41 We note that the error bars o
d13 are actually smaller than ond12. This is due to the fact
that on Fe$110% there is a substrate atom directly below t
emitter in the third layer, so that normal emission is a stro
backscattering direction, giving rise to strong intens
modulations. Perhaps more important, however, is the
that normal emission is the only direction in which all the s
domains of this structure have identical modulation fun
tions. The corresponding parameters obtained to form
‘‘best-fit’’ structure for the NW orientation wered12
51.97(60.06) Å andd1353.98(60.03) Å.

Finally, we consider the results of the experiments invo
ing deposition at a sample temperature of 130 K. The
MLE Fe films prepared at this temperature also show re
tively strong modulations, which in some directions~e.g.,
normal emission,@ 1̄10#! are very similar to the result ob
tained from the film grown at 300 K. In other direction
however, there is little or no agreement in the energies of
main maxima and minima~e.g., 40°,@ 1̄21#!. In yet further
directions there is relatively good agreement in the peak
ergies, but the modulation amplitudes are considera
smaller in the 130 K case~e.g., 20°, @ 2̄11#!. Calculations
based on several simple model structures all led to h
R-factor values. The lowestR factor of 0.38 was actually
obtained for the unlikely twofold symmetric bridge site. W
conclude that either no well-defined adsorption site exists
more likely, that two or more phases are present.

In summary, we note that the 300 K results are in go
agreement with Kief and Egelhoff6,19 and Tianet al.,5 the
only major difference being the thickness at which the rel
ation from the pseudomorphic fcc structure to the bcc str
ture of bulk iron takes place. In the former study usi
scanned angle-mode photoelectron diffraction the criti
thickness was determined to lie between 3 and 6 MLE. T
et al. in a LEED study found the thickness to lie around
MLE. The present value of;2 MLE is considerably lower;
we estimate our precision to be no worse than about 2
and, as explained above, this is due almost entirely to

FIG. 7. Bold curves: Fe 2p3/2 modulation functions in five dif-
ferent directions for a 4.9 MLE iron layer deposited on a Cu$111%
surface at 300 K. Light curves: multiple-scattering simulations
bcc iron (.10 layers) in the Kurdjumov-Sachs orientation.



ie

f

e
tu
o

f F
rg
n
o
s

os
0
-
n

w

d
n
Fe

ws

the

en
on

yer

the

ra-
ce
30
ata

ow-
or-
re

port
rs-
reich
rch

uncil
ital

2318 PRB 59A. THEOBALD et al.
uncertainty in the inelastic scattering mean free path. K
and Egelhoff used an indirect method~CO titration! to esti-
mate their coverage, while Tianet al.5 measured the ratio o
the Auger peaksI Fe(651 eV)/I Cu(920 eV). Their estimated
error in the film thickness was650%. There may also hav
been small, but perhaps, important differences in tempera
between the various measurements. Our results are in g
agreement with a more recent LEED study15 where the criti-
cal thickness was also found between 2.3 and 2.7 MLE o
on Cu$111%. The significance of the present scanned-ene
mode photoelectron-diffraction measurements lies not o
in the confirmation of the previously reported relaxation
the fcc phase into the bcc phase as a function of thicknes
300 K, but also in the quantitative determination of the m
important structural parameters. The discrepancies at 13
are more difficult to explain: Kief and Egelhoff reported im
mediate bcc growth at 80 K, which is clearly not consiste
with our data.

V. CONCLUSIONS

Using scanned energy-mode photoelectron diffraction
have examined the thin Fe films formed on Cu$111% by depo-
sition at sample temperatures of 300 and 130 K. The mo
lation functions measured at various angles as a functio
coverage following deposition at 300 K show that the
atoms retain the local geometry of the Cu substrate up
about two equivalent monolayers, i.e., the film gro
h

J

f

re
od

e
y
ly
f
at
t
K

t

e

u-
of

to

pseudomorphically in the fcc structure. A monolayer is
most probable structure for the thinnest film studied~0.4
MLE!, but partial coverage by islands of bilayer or ev
trilayer thickness are possible. A structure based entirely
bilayer islands can, however, be ruled out. The Fe-Cu la
separation in the case of the monolayer is 1.99(60.03) Å.
Above a thickness of about two equivalent monolayers
fcc film converts into the bcc$110% structure with the
Kurdjumov-Sachs orientation. The Fe-Fe first-layer sepa
tion is 1.95(60.06) Å. In neither case is there any eviden
for the segregation of Cu to the surface of the Fe film. At 1
K no structural determination was possible, although the d
showed relatively strong modulations. The data are, h
ever, definitely not consistent with either pure pseudom
phic growth or pure bcc island growth; most probably, mo
than one Fe phase grows on the surface.
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