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Photoelectron diffraction study of ultrathin Fe films on Cu{111}

A. Theobald, O. Schaff, C. J. Hirschmugl, V. Fernandez, K.-M. Schindler, M. Pbleild A. M. Bradshaw
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin-Dahlem, Germany

D. P. Woodruff
Department of Physics, University of Warwick, Coventry CV4 7AL, England
(Received 5 June 1998

Using photoelectron diffraction in the scanned-energy mode we show that at 300 K iron grows pseudomor-
phically on C4111} up to a thickness of about two equivalent monolayers. The Fe-Cu layer separation is 1.99
A. Above this thickness the film becomes bcc Wit G orientation and is aligned such that &4 1) rows are
parallel to the(110 rows of the fc§¢111 surface(Kurdjumov-Sachs orientationThe Fe-Fe first-layer sepa-
ration is 1.95 A[S0163-18209)01903-7

I. INTRODUCTION forward-scattering x-ray photoelectron diffractiaiXPD)
Kief and Egelhoff!® established that there are two

Ultrathin films of metastable fcc, op-, iron can be pre- temperature-dependent growth modes. At 80 K the iron layer
pared epitaxially on fcc metal single-crystal surfaces up tdas the bce structure, but at 300 K it grows initially fcc and
thicknesses of a few mono|ayer equiva|eM_E)1l_l4 even then relaxes to bece at a thickness between 3 and 6 MLE. The
though the lattice constant of the substrate may not matcfata also showed that the bcc film has the KS orientation, as
exactly that of the iron. The necessary conditions for thisdid the LEED work of Tianet al> At both temperatures
so-called pseudomorphic growth are that the surface energ}garly layer-by-layer growth was found to occur. Scanning
of the overlayer should be lower than that of the substratéUnneling microscopy has shown that in the submonolayer
and that the lattice mismatch is indeed quite small. Becausédime an island structure is form&dhe low-energy ion-
the lattice parameter of-iron (3.59 A, when extrapolated Scattering data of Detzel and Memifiehave indicated that
from above the martensitic transition at 1183 K down toSurface segregation of Cu to the surface of the iron film
room temperatupeis very close to that of C¢3.61 A), the ~ Occurs for_ growth at 300 K. Similar results have recently
latter has proved to be a suitable substrate material. Becau§€n obtained for Co layers on the same subsffate.
of the rich variety of magnetic behavior gfiron depending We_ have previously shown that photoelectron dlffracthn
on its lattice constant, there has been considerable interest {fhD) in the scanned-energy mode can be uggful for studying
the magnetic properties of iron films grown on &al’ the_very early.stage_s of metallic-film growth?® In this ex-
While on C4100 a high-spin, tetragonally distorted phase P€riment t_he Intensity of ar@adsorbat}el core-level photo-
as well as a low-spin fcc phase have been obse¥en, €mission line is measured asa function of photon energy,
Cu{111 the thermally deposited films show low-spin ferro- and tggs of photoelectr_on kln_etlc energy, at a fixed-emission
magnetic or ferrimagnetic phasEsStructural studies have f';mgle. The observed-intensity modulations are due to the
recently been extended to thin films of Mn, Cr, and ‘€&’ interference of the component of the photoelectron wave that
Most studies have been concerned hitherto with the pseudo-
morphic growth of Fe on Gd00, a system for which rather
detailed structural studies have been publistest Refs. 2,
7, 10, and 11, and references thejeibess attention has
been paid to the ultrathin Fe films that can be grown or
Cu{111}. In an early low-energy electron diffractighEED)
and Auger study of this system Gradmaginal > reported
layer-by-layer growth of “completely pseudomorphig:Fe
to a thickness of about 10 A followed by island growth to at
least several tens of A. For thicker films the LEED pattern
gradually changed to that corresponding to norriadc
a-Fe{110, such that the close-packétill) rows of the bcc
crystal are parallel to the close-packetlO rows of the
fcc(111) surface. This is known as the Kurdjumov-Sachs
(KS) orientation and is shown schematically in Fig. 1. An-
other possibility would be the Nishiyama-WassernikiV) Kurdjumov-Sachs orientation
orientation for which thé100) bcc direction is parallel to fcc
(110. Quantitative LEED studies were performed for flms  FIG. 1. Schematic diagram showing the relative azimuthal
of thicknesses 1 and 5 MLE by Dariet al* and Tianet al.® alignment of an fc(11) substrate(left) and bc¢110 overlayer
respectively, who also found pseudomorphic growth. Usingright) in the Kurdjumov-Sachs orientation.

fcc (111) bee (110)
[111]
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reaches the detector directly with those components that argherel andl, are the diffractive and nondiffractive inten-
first scattered from neighboring atoms. The path-length difsity, # and ¢ are the polar and azimuthal emission angles,
ferences that reflect both the direction and separation of thendk is the modulus of the photoelectron wave vector.
neighboring scatterers from the emitter atom thus contain The commercial-evaporation sour@micron contained
information on the local structure. Notice that this approacha piece of iron wirdpurity 99.99% heated by electron bom-
picks out the backscattering scattering paftiee forward bardment. The evaporation rate, which could be monitored
zero-degree scattering involves no path-length differenceby the ion current at the exit tube, was held constant at typi-
and so provides information especially on the emitter locacally 0.0045 MLE §* during an experiment. It was cali-
tion relative to the underlying substrate. By contrast, thebrated by measuring the attenuation of the QusRibstrate
higher-electron kinetic-energy angle-scan XPD experimentsignal as a function of time at coveraged MLE. One can
mentioned aboe® provide information mainly on the easily show that for the growth of a monolayér,
forward-scatterer atoms that lie above the emitter. In order to

extract the structure information the intensity modulations /lp=1—(1-s)at. 2

are simulated with a multipl_e—scattgring computer code forg_ exp@\), where\ is the mean free path for inelastic elec-
various model structures in a trial-and-error procedure. scattering in irona the arrival rate, and (in MLE)

Long-range order in the overlayer is not a necessary prefed: 41 por the other extreme, namely, growth in islands of
uisite, although the presence of more than two different local, \.¢5rm thicknessNd

geometries, e.g., two different adsorption sites, does compli-
cate the data analysis and increases the probability of ambi- [/1g=1—(1—sM)ayt/N. ®)

guities or reduced precision in the resulting structure.

In the present paper we describe a scanned energy-mogde is the upper boundary for the rate of arrival of Fe atoms at
photoelectron-diffraction study of the system {CLi}-Fe, the substrate surface. In the case of Volmer-Weber growth

which confirms essentially the forward-scattering result af® attenuation of the substrate signal with time will be more
300 K, but also gives quantitative structural information oncOMPplicated, falling(at least for<1 MLE) between the two
the ultrathin films. straight lines given by Eqg2) and(3). At very low cover-
ages, however, it will be almost linear and virtually identical
with that given by Eq.2). The latter can then be used to
Il. EXPERIMENTAL DETAILS AND DATA ANALYSIS calibrate the evaporation rate, and thus to determine all other,
r{1igher coverages. The main source of error in the coverage
determination lies in the value for, which has to be taken
from the literature. In the case of CDG-Mn (Ref. 25
&EED patterns could be used for additional calibration. Us-
ing Eq. (2) there was agreement to within a few percent for
the point at which the half-order diffraction features associ-
ated with the ¢2Xv2)R45°-Mn structure have their maxi-
mum intensity at 0.5 MLE. In general, however, the uncer-
tainty in A may be as high as 25%, which is also the upper
limit for the error in the thickness. In the present study we
ave used an interpolated value forof 14.3 A for iron at
60 eV, as given by Tanumet al>*

The PhD data were recorded in a purpose-built ultrahig
vacuum system on the HE-TGM-1 monochrom&tat the
Berlin synchrotron radiation source BESSY. A 152 mm
mean radius 150° electrostatic deflection analyzer with thre
parallel channeltrongVG Scientifig was used to measure
the signal at a fixed angle of 60° relative to the photon
incidence direction. The Gull sample was prepared by
the usual methods of orientation with Laue x-ray diffraction,
spark machining, polishing, and situ cleaning with argon
bombardment and anneal cycles. A well-defined< ()
LEED pattern was then observed; atomic cleanliness wagg
monitored with core-level photoelectron spectroscopy usin
synchrotron radiation. The iron films were evaporated onto
the substrate at 130 and 300 K. The Hm2 photoelectron- IIl. SIMULATIONS
diffraction spectra for 0.4 MLE at 300 K were taken atpolar |, the Berlin-Warwick approach to quantitative-

emission angles between10° and 50° in th&110) azimuth  ppotoelectron diffractiof®32 structure determination gener-
and t.he two(211) azimuths in 10° steps. Further mo_dulatio_n ally proceeds in two stages. The projection meffids first
functions at 1.1, 2.5, and 4.9 MLE were measured in the fivg;sed to determine the adsorption site. This consists of an
emission directions, which showed the strongest modulationgnyersion” of the experimental data to produce a real-space
at 0.4 MLE. Although deposition took place at 300 K, the inage of the near-neighbor backscatterers surrounding the
sample was cooled to 130 K in order to take the diffractionemijtter. The underlying physical principle is that modulation
data. At a deposition temperature of 130 K quantitative meafynctions recorded in directions that correspond to 180° scat-
surements were made in altogether 13 different emission diering from a near-neighbor substrate atom show particularly
rections. The Fe @y, core-level signal was recorded in strong modulations. Under these circumstances the modula-
photon-energy steps of 2 eV for kinetic energies of aboutjon function is dominated by this single-scattering event,
+20 eV around the Fe[f,, core-level peak to give the en- and the periodicity can be described by taking only one scat-
ergy distribution curves. The intensity of each of these peakgerer into account. The method produces a three-dimensional
was then determined by background subtraction and integrantensity map of the space around the emitter, with maxi-
tion, and the resulting intensity-energy spectra between 8thym values of the “projection integral” in regions corre-
and .450326V were normalized to give the modulationsponding to the nearest-neighbor backscatterers. This stage
functions: thus provides a valuable first indication of the most probable
local-adsorption site for subsequent optimization.
Xex 0,0, K)=[1(K)—=1o(K)]/1o(k), (1) The second stage is a true quantitative-structural analysis
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W 4.9 MLE

\/\V\/\/\/\/\/ 25 MLE

. Co . J\A/\/\/\W L1MLE
the final-state wave function into a sum over all scattering
pathways, which the electron can take from the emitter atom

to the detector outside the sample. A magnetic quantum- I [ I T
number expansion of the free-electron propagator is used to 100 200 300 400

. oo L kinetic energy (eV)
calculate the scattering contribution of an individual-
scattering patfi® Double- and higher-order scattering events  FiG. 2. Normal-emission modulation functions for Fe layers on
are treated by means of the reduced angular momentuu{111 of different thickness prepared at room temperature. Note
expansior?’ The finite-energy resolution and angular accep-the change in the modulation functions between 1.1 and 2.5 MLE.
tance of the electron analyzer are included. Anisotropic vi-
brations for the emitter atom and isotropic vibrations for the

. Ki 9: : ; _
scattering atoms are also taken into account. The compariscg‘i?e from fec to bec: Kief and Egelh8ft® identify this tran

; . e ion as occurring between 3 and 6 MLE, while Tienal®
bepwe.en thepry_ gnd experiment is quantified by the use of a@ertainly found the bcc structure at 13 MLE. In the present
objective reliability factor )

paper detailed structural analyses were carried out for the 0.4
and 4.9 MLE Fe films, which appear to typify the low- and
Rn= >, (Xth_)(ex)z/ > (x3+x2), (4)  high-coverage regimes in our experiments.

In the first step of the analysis of the 0.4 MLE data the
where a value of 0 corresponds to perfect agreement, a valwgojection methotf was first applied in order to establish the
of 1 to uncorrelated data, and a value of 2 to anticorrelated0st probable adsorption site. The projection integrals were
data®®32 The search in parameter space to locate the struci@lculated using the full-data set, although this is not actually
ture having the minimunR factor was helped by the use of necessary: as few as five or six modulation functions are
a Marquardt algorithm, in which the calculation of the cur- normally sufficient. The result is shown in Fig. 3 in the form
vatures is made considerably faster by using the so-calle@f gray-scale maps of cut@ perpendicular to the surface
linear method® passing through the Fe emitfgocated at(0,0,0] in a(211)

In order to estimate the errors associated with the indiazimuth, and(b) parallel to the surface at an appropriate
vidual structural parameters we use an approach based @fistance below2.0 A) so as to intersect the feature seen in
that of Pendry, which was derived for LEE®This involves  the perpendicular cut. Dark regions correspond to maxima in
defining a variance in the minimum of iR factorR,,;, as  the value of the projection integral and indicate the most

probable locations of backscatterers, in this case the Cu at-
Var(Ryin) = RminV(2IN), (5)  oms(or possibly other Fe atomforming the adsorption site.
The crescentlike shape of the “images” of the substrate at-
whereN is the number of independent pieces of structuraloms is an artifact of the methdd.The clear inference to be
information contained in the set of modulation functionsdrawn from Fig. 3 is that the Fe atom is situated in a three-
used in the analysis. All parameter values giving structuregold symmetric site. Moreover, because of the azimuthal ori-
with R factors less tharR,,i,+ Var(Ry,i,) are regarded as entation of the pattern relative to the known crystallographic
falling within one standard deviation of the "best fit” struc- directions, it can be immediately concluded that it is the fcc
ture. More details of this approach, and in particular the defisite (directly above a third-layer atowhich is occupied.

using an iterative “trial-and-error” procedure, which in-
volves a comparison of a reduced set of usually six to eight -
experimental spectra with the results of full multiple-

scattering simulations based on trial-model structures. These
calculations are performed on the basis of an expansion of

ion |

modulation funct

nition of N, can be found in a recent publicatith. Even in this first stage of the analysis it is, therefore, appar-
ent that pseudomorphic growth occurs. Note that the projec-
IV. RESULTS AND DISCUSSION tion method is not able to distinguish between layer growth
A set of normal-emission modulation functions for Fe o
films deposited at a substrate temperature of 300 K corre- ;4 o (A) 2=2.0K
sponding to thicknesses of 0.4, 1.1, 2.5, and 4.9 MLE is ] Emitter 1 . \
shown in Fig. 2. The modulation amplitude ef*=0.2 is -1.0 T ! A
typical for each of the five identical emission directions mea- — 10—
sured for each thickness. The 0.4 and 1.1 MLE normal- =-20 9™ | 5
emission spectra of Fig. 2 are very similar to each other, as I I | | p =t
are those at 2.5 and 4.9 MLE. Between 1.1 and 2.5 MLE, 2 40 12, - b)
however, the modulation function clearly changes its form, Rl — (@A) T

2 -1 0 1 2

indicating that a change in the structure of the iron film takes [io] &)

place. Similar differences were found for the modulation
functions measured at other emission angkse Sec. )l FIG. 3. Results from the application of the projection method to
Apart from an increase in the diffuse background, the (lthe 300 K Cy111}-Fe system at 0.4 MLE. Film deposition took
X 1) LEED pattern remained essentially unaltered during thelace at a substrate temperature of 300 K. Caltperpendicular to
change in structure. We note that previous studies of thighe surface in 211) azimuth andb) parallel to the surface 2.0 A
system indicate a structural transition with increasing coverbelow the emitter are shown.
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TABLE I. Measured interlayer spacings for thin Fe films depos-

031 (2117 10° [211y0° ited on C4y111} at 300 K.
O'O_W Parameter Valug¢d)
-0.3 0.4 MLE (fcc) monolayer bilayer
034 - . . dy, 1.993) 1.995)
1217 10 211] 20°
21 (211] dqs 4.127) 4.097)
= 0.0 dyg 6.6220) 6.2317)
% 4.9 MLE (bcc; Kurdjumov-Sachs orientatipthick film
S 03 dy, 1.956)
(=}
g 037 [211] 30° [110] 30° dia 3.983)
3
g 007 WW ion scattering shows some evidence for segregation of Cu

atoms to the surface of the iron film at 300°KWe return to

037 the bilayer model below. The calculated “best-fit” modula-

0.3 [121] 30° [211] 40° tion functions for the monolayer are shown as faint curves in
Fig. 4. Whereas the agreement is not perfect, most of the

0.0 major features are reproduced by the calculation, as indicated
by the moderately goo& factor of 0.25.

0.3 The optimum values of the three structural parameters for

LI T T —T . . .
100 200 300 400 100 200 300 400 both the monolayer and bilayer are given in Table I. The

Fe-Cu layer spacingl;, is 1.99(+0.03) A for the mono-
kinetic energy (eV) layer, which is slightly smaller than the Cu-Cu layer spacing
of 2.04(+x0.02) A for clean C{.11.! We note that the val-
ues ford,, are identical for the monolayer and bilayer and
that in the case ofl;3 and d,, they are also very similar,
lying within their respective precisions estimates. In this situ-
ation it is appropriate to consider a third possibility, namely,

and island growth. Although the backscattering from Cu at-the coexistence of monolayer and bilayer regions, simply by

N - . ... adding the modulation functions of the two with different
oms is implicitly assumed in the calculation of the projection

integrals, the scattering factors for Fe and Cu are sufficientl weightings and determining tff factor by comparison with

similar that an “adsorption site” consisting of Fe atoms at¥he experimental data of Fig. 4Strictly one should perform

the outer layer of a pseudomorphic Fe island would give thé §eparate §tryctural optimization for eac;h monolayer/bilayer
same result ratio, but this involves a huge computational effort and was

The full-scale simulations were carried out by comparisonfGIt to be inappropriatg.The result is shown in Fig.() in

with the eight experimental modulation functions shown inWh'Ch. the R factor IS plotted against the percentage .Of bi-
Fig. 4 (bold lines. The polar angle of emission and the crys- layer islands. The minimum occurs for a bilayer fraction of

0 .
tal azimuth are given in each case. Three different mode elow 10%. A parabola has been fitted to the calculated

structures were tested, each assuming occupation of fcc hdpoints and reache=0.29, the value of the IOW(?R factor
low sites: a Fe monolayer, a Fe bilayer, and a Cu-Fe—Clﬁ)IUS its variance, at a bilayer fraction of 78%. The pure

sandwich structure consisting of a Fe monolayer with a Cl_r":nonolayer thus remains the most probable structure for the
s

monolayer on top. Figure 5 defines the structural paramete € T'Im at0.4 .MLE thickness, but she presence of the bilayer
varied in the simulations; the Fe monolayer is used as thE9ioNs covering up to almost 80% of the surface cannot be

example. The besR factor of 0.25 was obtained for the éxcluded. If a significant fraction of the surface were to be

monolayer with a variance of 0.04. The values for the b"ayercqvered with bilayers, a small proportion of trilayer regions

and the sandwich structure were 0.31 and 0.40 respectivelmlght also be expected, but this possibility was not tested,
) N ¥i’gain because of the huge computational effort involved.

both of which are clearly outside the variance. The agree . . .
: ; ; Based on the data listed in Table I, the atomic volume of the
ment for the sandwich structure is so poor that we will not ilayer is V,—11.3(* 0.3) A%, which is only slightly less

consider it further here, although we note that Iow-energ){)han that fory-iron (lattice parameter 3.59 Yoof 11.6 A%,

These values correspond to the antiferromagnetic $tate.
Although the results of the projection method imply oc-
cupation of the fcc sites alone, the method is designed to
pick out only the strongest scatterer contributions, and in the
case of multiple-site occupations it suppresses information

from any “minority species.” The specific possibility of par-
tial occupation of fractional occupation of hcp hollow sites
(directly above second-layer atomsas therefore tested. In
FIG. 5. The structural parameters used in the multiple-scatteringhis case a full optimization of both the ratio of fcc and hcp
simulations to fit the experimental modulation functions. site occupation and the local geometry of each site was per-

FIG. 4. Bold curves: Fe 23, modulation functions measured in
eight different directions for a 0.4 MLE iron layer deposited on a
Cu{111 surface at 300 K. Light curves: multiple scattering simula-
tions for an iron monolayer.
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50.29 / 007
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w2 0.35 Rinin+ variance FIG. 7. Bold curves: Fe g5, modulation functions in five dif-
0.30 - ferent directions for a 4.9 MLE iron layer deposited on &1}
0.25 surface at 300 K. Light curves: multiple-scattering simulations for
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(b) fraction of the fcc-hollow sites

bcce iron (>10 layers) in the Kurdjumov-Sachs orientation.

4(+2)% relative to the bulk-layer spacing of 2.03 A.d),

FIG. 6. (a) R factor as a function of the bilayer/monolayer ratio value of 2.04 A has been found with LEED for the surface of
for the 0.4 MLE Fe film on C{111. The intersection of the para- g bulk{110Q single Crystaﬁl We note that the error bars on
bolic fit through the points and the variance in tRefactor yields d,5 are actually smaller than ahy,. This is due to the fact
the prec_isior_1(b) R factor as a function of the fractional fcc/hep site that on Fé110 there is a substrate atom directly below the
occupation in a monolayer for the system{Cld}-Fe at 0.4 MLE.  gpjtter in the third layer, so that normal emission is a strong
backscattering direction, giving rise to strong intensity
odulations. Perhaps more important, however, is the fact
at normal emission is the only direction in which all the six
domains of this structure have identical modulation func-
tions. The corresponding parameters obtained to form the
“best-fit” structure for the NW orientation wered;,
=1.97(+0.06) A andd;3=3.98(+0.03) A.

Finally, we consider the results of the experiments involv-

formed. The result is shown in Fig.(l§ in which theR
factor is plotted as a function of the relative percentage o h
fcc/hep site occupation. The minimum in tRefactor of 0.24
occurs for 12% hcp sites. Complete occupation of hcp site
corresponds to aR factor in excess of 0.80, which is clearly
unacceptable. The horizontal line corresponding t&Rdac-

tor of R.,,i, plus the varianc€0.04) intersects the parabola at

the 33% hcp site occupation. Therefore, the most probablﬁ]g deposition at a sample temperature of 130 K. The 0.4

structure of the monolayer has 88% of the Fe atoms in fC(f\/ILE Fe films prepared at this temperature also show rela-
sites, although a lower limit of 67% is theoretically pOSSible'tively strong modulations, which in some directiofeg

We note, however, that 100% fcc site occupation—perhaps = ' . N
the expected result—is well within the error estimate. normal emission[110]) are very similar to the result ob-

We now turn our attention to the film of 4.9 MLE thick- tained from the film grown at 300 K. In other directions,

ness. In this case the projection method did not give a resufOWeVer, there is little or no agreement in the energies of the
compatible with adsorption on a highly symmetric adsorp-main maxima and minimée.g., 40°,[121]). In yet further
tion site on a C{lL11 surface. The only feature was a diffuse directions there is relatively good agreement in the peak en-
structure about 2.2 A directly beneath the emitter, which isergies, but the modulation amplitudes are considerably
probably an artifact associated with the sum of many differsmaller in the 130 K casée.g., 20°,[211]). Calculations
ent near-neighbor directions rather then a simple atop geonbbased on several simple model structures all led to high
etry. In consequence, three specific structures were simuR-factor values. The lowedR factor of 0.38 was actually
lated, namely, a thick %10 MLE) pseudomorphic film as obtained for the unlikely twofold symmetric bridge site. We
well as thick (=10 MLE) bcd110 films in both the KS and  conclude that either no well-defined adsorption site exists, or
NW orientations. Whereas the factor for the pseudomor- more likely, that two or more phases are present.

phic film was over 0.6, the result for the KS-bcc film was  In summary, we note that the 300 K results are in good
0.18 and for the NW-bcc film 0.21. With a variance of 0.05agreement with Kief and Egelh8ff° and Tianet al.,® the

the NW orientation cannot be excluded on the basis of th@nly major difference being the thickness at which the relax-
photoelectron-diffraction data alone. However, the fact thagtion from the pseudomorphic fcc structure to the bcc struc-
only the KS orientation is observed in LEED for thicker ture of bulk iron takes place. In the former study using
films is a very strong indication that this geometry is scanned angle-mode photoelectron diffraction the critical
adopted. The good agreement between the simulated arhlickness was determined to lie between 3 and 6 MLE. Tian
measured modulation functions for the KS orientation iset al. in a LEED study found the thickness to lie around 7
shown in Fig. 7. The structural parameters varied were th&ILE. The present value of-2 MLE is considerably lower;
layer distancesd;, and d;; (see for example Fig.)5the  we estimate our precision to be no worse than about 25%
results are given in Table d;, exhibits a contraction of and, as explained above, this is due almost entirely to the
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uncertainty in the inelastic scattering mean free path. Kiepseudomorphically in the fcc structure. A monolayer is the
and Egelhoff used an indirect meth¢dO titration to esti- most probable structure for the thinnest film studi@¥
mate their coverage, while Tiaat al® measured the ratio of MLE), but partial coverage by islands of bilayer or even
the Auger peakd {651 eV)1-,(920 eV). Their estimated trilayer thickness are possible. A structure based entirely on
error in the film thickness was 50%. There may also have bilayer islands can, however, be ruled out. The Fe-Cu layer
been small, but perhaps, important differences in temperaturgeparation in the case of the monolayer is 1:90(03) A.
between the various measurements. Our results are in godhove a thickness of about two equivalent monolayers the
agreement with a more recent LEED stliwhere the criti-  fcc film converts into the bd@10 structure with the

cal thickness was also found between 2.3 and 2.7 MLE of F&urdjumov-Sachs orientation. The Fe-Fe first-layer separa-
on CY111L. The significance of the present scanned-energyion is 1.95(0.06) A. In neither case is there any evidence
mode photoelectron-diffraction measurements lies not onlyor the segregation of Cu to the surface of the Fe film. At 130
in the confirmation of the previously reported relaxation ofK no structural determination was possible, although the data
the fcc phase into the bce phase as a function of thickness ahowed relatively strong modulations. The data are, how-
300 K, but also in the quantitative determination of the mostever, definitely not consistent with either pure pseudomor-
important structural parameters. The discrepancies at 130 ghic growth or pure bcc island growth; most probably, more
are more difficult to explain: Kief and Egelhoff reported im- than one Fe phase grows on the surface.

mediate bcc growth at 80 K, which is clearly not consistent
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