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The structure of Fe films grown on tti@01) surface of a C4Au single crystal at room temperature has been
investigated by means of grazing incidence x-ray diffractiGiXRD) and photo/Auger—electron diffraction
(ED) as a function of thickness in th@—36-A range. The combination of GIXRD and ED allows one to
obtain quantitative information on the in-plane spacifgom the former technique, and the ratio between the
vertical spacingc and a, from the latter one. At low coverage the film grows pseudomorphic to the face-
centered-cubic substrate. The experimental results obtained on a film of 8 A thickness clearly indicate the
overcoming of the limit for pseudomorphic growth. Above this limit the film is characterized by the coexist-
ence of the pseudomorphic phase with another tetragonally strained phatéch falls on the epitaxial line
of ferromagnetic face-centered cubic Fe. Finally, the development of a body-centeredvphdsese unit cell
is rotated by 45° with respect to the substrate one, has been clearly observéd dh. « is the dominating
phase for film thickness above25 A and its lattice constant evolves towards the orthomorphic phase in strict
guantitative agreement with epitaxial curves calculated for body-centered tetragonal iron phases.
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[. INTRODUCTION diffraction (LEED) study claimed the occurrence of a face-
centered cubic phase up to 7 monolayév.).2 In a more
Very thin iron films, with physical properties at variance recent LEED [-V investigation the SRO transitio® {,,
with the ordinarya-Fe phase, can be grown on appropriately~4 ML) was tightly related to a transition from an fcc to a
chosen substratésSuch “artificial” phases represent an bcc-like phasé;the LEED analysis was successively backed
ideal ground in the investigation of the interplay between thedy a scanning tunnel microscope study in the coverage range
structure and the magnetic properties of matefidis.this  of the SRO transition, pointing out a complex topography
field, the CyAu(001) surface has been considered as a camassigned to the coexistence of different phasesnother
didate for the stabilization of a face-centered cuffizc), LEED I-V study, backed by dynamical calculations, pro-
expanded volume, high-spin Fe phdgeor this substrate, a posed instead a body-centered-tetragofiadt) structure
model of the so-called epitaxial lines of iron, calculateddown to®=3.3 ML with no apparent correlation between
within the frame of linear elasticity theory, suggested thestructural properties and the SRO transitlérin fact, the
formation of a tetragonally strained phase, with some uncenatter experiments must be carefully taken into consideration,
tainty on its body- or face-centered geométifhe calcula-  since they were performed on substrates prepared by prede-
tions did not consider interdiffusion processes between theositing 2 ML of Fe at 150 K. For this temperature and
Fe deposit and surface atoms, but both intermixing at th¢hickness range, we have recently shown that the structure
interface and substrate segregation have been reported for Red morphology of the growing film is driven by electronic
deposited at room temperatu®T) on Cu001) (Ref. 5 and mechanism&? whereas only strain and thermally activated
on Au(001).%7 processes drive the RT growth. Finally, in a recent electron-
In previous research on the magnetism of thescattering experimemin the so-called primary-beam diffrac-
Fe/CuAu(001) films, three regions of thickness of different tion modulated electron emission configurati®PDMEE)]
properties were identifietf:}° At submonolayer coverage no (Ref. 14 an fcc-like structure was found f& <4 ML; then
hysteresis loops were detected. A second region was insteau a region extending up te-23 ML, two different phases
characterized by a magnetization perpendicular to the suwere detected. A unique phase of bct-type was finally de-
face. Then, at a critical thickne$,,, of the order of a few tected, at least within the outermost layers, for relatively
monolayers and depending on the temperature of depositiothicker films, in agreement with results of Ref. 12. Reference
the magnetization was found to switch to an in-plane oriend4 considered atomic exchange processes in some details,
tation [spin reorientation(SRO transitior] as in ordinary indicating the occurrence of a limited Au intermixing and
a-Fe. segregation at the initial stages of growth.
In spite of an overall agreement on film magnetism, no The somewhat conflicting results demand for further in-
general consensus has been reached about the film structuvestigation. Here we report on experiments of
Regarding RT growth, an early low-energy electron-Fe/CuyAu(001) RT growth performed at the ALOISA
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beamline at the Elettra Synchrotrdifrieste, Italy.'®> Our
investigation deals with a structural characterization of films
in a thickness range of 3—36 A, performed by means of x-ray
induced photo-(and/or Auger} electron diffraction (from

now on ED for brevity in the so-called forward-scattering
condition. In this condition, the emission intensity is en-
hanced along the direction of interatomic axes by means of a
focusing effect® The angular position of focusing peaks in
polar ED scans is well known to provide “simple,” chemi-
cally selected, short-range information on the structure of the
topmost layers of the film¥.*® Furthermore, the availability

of reliable calculations codes allows for a close comparison Deposition time (min)
with experimental data and for quantitative analysis.

In our experimental approaéf,ED data are backed by .
grazing incidence x-rays diffractidiGIXRD) measurements, X
supplying information about the in-plane lattice parameter o
films?! and about the film morphology. In the following sec-

tion details on the experimental procedures are reported. Exnytiple-scattering calculations has been presented in a pre-
perimental data will be described in Sec. Il A, quantitativey;joys papef° Simulations taking into account the geometry
analysis of the data can be found in the Sec. IV A discussiofgr the Au-Cu termination available in literatéfewere

of the results obtained follows in Sec. VA, and the conclu-found to be in excellent agreement with experimental results.
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FIG. 1. x-ray specular reflectivity taken during deposition at
ed energy(3500 eV} and grazing angle (8.25°). Maxima and
{ninima arise from the interference between the interface and the
growing film surface.

sions can be found in Sec. VI. Iron was evaporated from a carefully outgassed electron
bombardment cellOmicron. A quartz microbalance al-
Il EXPERIMENT lowed to tune the deposition fluftypically of the order of

one layer per minudeprior to the deposition on the sample.

The beamline ALOISA allows users to perform both elec-The quartz microbalance was calibrated by x-ray reflectivity
tron spectroscopy and x-ray surface diffraction measurefrom the sample during and after deposition. Figure 1 shows
ments under the same experimental conditforfé. The a typical deposition curve, measured at an incidefiitg
sample is mounted on a six-degrees-of-freedom manipulatoangle «;,=8.25° and a photon energy of 3500 eV during
specially designed to select with great accuracy (0.01°) thélm deposition at room temperature. The interference be-
grazing angle of the beam electric field. The temperature ofween the waves reflected by the film vacuum and the
the sample, measured by thermocouples, can be varied lyubstrate-film interfaces yields an oscillatory evolution of the
resistive heating and liquid-nitrogen cooling. The UHV ex- reflectivity as a function of the overlayer thickness. For the
perimental chambegbase pressure in the 18-mbars range  selected vertical momentum transfeg=2(E/%c)sina;,,
hosts the hemispherical electron analyzers and x-ray detetentical phase conditions occur after a thickness increase of
tors. The emission direction from the sample surface can baD=2#/k,=12.35 A, thus leading to an accurate calibra-
freely selected for any orientation of the surface. For theion of the deposition rate.
surface preparation, the sample is translated in the prepara- The post growth GIXRD measurements consist of radial
tion chamber [base pressure of (1-%)10 °mbaf scans across thé200) and (220 peaks in the in-plane
equipped with facilities for sputtering, evaporation cells, gasCu;Au(001) reciprocal lattice. These measurements were
inlets, and a reflection high-energy electron-diffractiontaken scanning the photon energy in broad ranges under a
(RHEED) system. suitable #-26 scattering geometry. The observation of dif-

The surface preparation procedure was set up in previougaction peaks in radial scans allows to determine the in-
He diffraction experiment&»**The procedure takes into ac- plane spacingl through the Bragg conditiondsin 6=hd/E.
count the particular thermodynamics of fu(001), thatis  Rocking curves of selected Bragg peaks, obtained by rotating
characterized by a continuous order/disordév¥d) phase the azimuthal angle at fixed energy, were measured to get
transition at the surface with a critical temperafdrd@,  additional information on the surface morphology.
=663 K and a bulk first-orde®©/D transition at the same A coverage estimate obtained by XPS measurements was
T..?° An ordered surface, displaying shar2x2) RHEED  found consistent with the reflectivity measurements within
patterns typical of the Au-Cu terminatiéhwas obtained by +20%. ED polar scans were measured by rotating the elec-
sputtering and careful annealing procedures described in déron analyzer in the plane defined by the surface normal and
tails elsewheré? The same sample was also used in a previthe beam axis, while keeping the grazing angle, the surface
ous synchrotron experiméfiiand in the PDMEE experiment azimuthal orientation with respect to the beam axis and the
of Ref. 14. polarization orientation fixed. We considered emission along

At ALOISA, x-ray photoemission spectroscogiXPS  the two main symmetry directiof100)s,, and (110)g,y, of
surveys at grazing incidenc®f the order of the critical the substrate unit cell. The photon energy was set to about
angle were used to check contamination of light adsorbate®00 eV in order to look at several photoelectron and Auger
and Fe residuals after the sputtering removal of films. A prepeaks of Fe, Cu, and Au. Here we will focus on the Fe
liminary ED characterization of the substrate, backed by, M,3Mys line at a kinetic energyKE) of 698 eV. The
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FIG. 2. In-plane x-ray diffraction of th€2,0,0, upper panel, and e, domorphic growth. The corresponding lattices for the

(2,2,0, lower panel, diffraction peaks taken at fixed scattering ge-ntiferromagnetic and ferromagnetic fcc Fe are also shown

ometry by varying the photon energy. The photon beam impingeg,; comparisorf;!2 as well as the lattice of a b00) unit
the surface at grazing incidence, forming an an@te45° with cell rotated by 45°. Azimuthal scans taken on theveaks

respect to the fdd00) planes of the direct lattice. The data are (not shown indicate this Fe phase to be oriented parallel to
shown as a function of the GAu(100) reciprocal-lattice unit in the the substrate lattice.

corresponding lattice direction. Both diffraction patterns have been The evolution of the Fe film structure as the thickness

taken for the same Fe film at a thickness-o8 A. The vertical  jycreases is shown in Fig. 3, where radial scans across the

dotted lines correspond to the lattice of the antiferromagniéti (200) substrate peak are shown from 3 up to 36 A. The peak

and ferromagneti¢=M) fcc equilibrium structures as in Refs. 4 and ; ;

12 the bctl?)O) Iaifat:icg rotat(ld by 45° is also shown v becomes more intense in the (10-17)-A range. A shoulder
' ' ' appears at the left-hand side of peakat ®=17 A . For

. . . ®=25 A this shoulder develops in the well-defined peak
signal was collected at the maximum and at suitably choseghat gradually moves away from tH200) reflection.

energies aside the peak, in order to allow an effective sub- The position 1.930.005 reciprocal lattice unitrlu) of

traction of the background of secondaries. the y peak in the 10 A pattern of Fig. 3, is the same of Fig.
2 at 8 A and corresponds to a distandgy, =1.94
Il. RESULTS +0.01 A along the/001) direction of direct space, eventu-

ally leading to a square cell of sida, =d\2=2.74
+0.01 A. The position of ther peak at 36 A thickness in

Radial scans of the substrate diffraction peaks, taken ofig. 3 corresponds to a lattice parametaf,=2.830
films of different thickness, are expected to show additionat- 0.005 A . The position ofr is indeed close to thé220)
diffraction features arising from the Fe overlayers, if the filmreflection of a R**bcc structure. Further, reasonable argu-
unit cell, although strained, is oriented parallel to the sub-ments on the energetics of iron modifications and inspection
strate, as reported in the literature. Upon deposition at roorof the so-called epitaxial lines calculated in Ref. 4 led us to
temperature, the first Fe-induced peak arises at a thickness ebnsider thex peak incompatible with an fcc-like modifica-
~8 A. The radial scans across tt®00) and(220) substrate  tion [face-centered tetragonal phagiet) phasé. The «
peaks are shown in Fig. 2 as a function of the substratpeaks were therefore assigned to tetragonally strained body-
reciprocal-lattice unit. The peaks labelgdnark the appear- centered f*®bct) structures.

A. GIXRD
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The GIXRD measurements provided therefore valuable fec  bec
insight on the in-plane structure of the films; this information b
is relatively direct for those patterns presenting one dominant 16x10°"|-
Fe-induced peak, as it is the case at very low8( A) and
very large coverage&36 A). In an intermediate region be-
tween 10 and 20 A, the patterns are more complex, likely 14
reflecting the coexistence of more than one phase in the film.
A full structural determination requires also the value of the
vertical lattice constant of the various iron phases that forms
at different thickness. We extracted this information by ED,
in the forward focusing regime.

12

10

B. ED

ED polar scan measured on films of selected thickness for
the Fe Auger line along th€l00)5,, and{110),, directions,
are reported in Figs. 4 and 5, respectively. The Fe films are
the same of Fig. 3 at the corresponding thickness. The pat-
terns were obtained after subtraction of the background of
secondaries. The peak is originated by the forward-
scattering effect along off-normal nearest-neighbor chains.
The position of this peak provides a guess on the ratio be-
tween the in-plane and vertical lattice constants of the film.
In this respect, the full vertical lines in Figs. 4 and 5 mark the
position of theF peak expected in case of fcc afdbcc
geometry, respectively.

At the lowest coverage investigatéoatternsa of Figs. 4
and 5, the forward focusing peak is fairly pronounced in
the (1005, scan close to the fcc-like position. Thepeak Polar angle (deg)
lays close to the fcc marker in tH&10),,, direction as well,
though its intensity is very weak. Note in both patterns the FIG. 4. Polar scans taken for the Fe Augemm (KE
presence of the forward focusing pebl related to close- =698 eV) peak along thgl00) substrate symmetry direction for:
packed chains along the surface normal. At 10pAtternb (@ the 3-Afilm, (b) the 10-A film, () the 20-A film, (d) the 36-A
of Figs. 4 and 5 the F peaks move slightly from the fcc fllm. The polar scans are to scale &hgl(c),(d) ha\(e been yertlcally
markers towards larger polar angles. The angular shift of théh'ﬂEd by a constant offset for the sakc_e of clarity. Full lines are the
F peaks becomes more evident@=20 A (patternsc). _|ts to the experimental ED daf@pen circles The heavy dash_ed

. L . lines represent the 1SQ. components. The surface normal direc-

Also the shape of the patterns shows evident variations with . ° N -
respect to lower coverages. In the spectra obtained on ﬂ{IOFI (N) and the first neighbor directiofF) are also indicated by

. fie vertical full lines.(a) fit with a relaxed pseudomorphic phase
glr% zth(i?t: ?o?/v éégiﬁirgi) p g]s?t'i:oﬁeak becomes narrower (ap,=2.65 A,c/ap:1.38); (b) fit with a model that combines the

. relaxed pseudomorphic phase and thene(see text for the values
We performed also ED measurements for the Auger “_ne%f the lattice parameters and the weight of the phageksfit with a

of Cu and for the Au 4/, photoemission line. The experi- jinear combination of three phasgsseudomorphicy, and«), see
mental data resulted in overall agreement with results of Refiext for the values of the lattice parameters and the weight of the
14, obtained on the same sample and under similar expefphases;(d) fit with a body-centered tetragonal model structure
mental conditions of this paper. We address the reader to Refa,=2.83 A andc/a,=1.03).

14 for a careful discussion of the intermixing between iron
and substrate species.

Intensity (arb. units)

[\

where 1SQ,/(#) is a smooth, nearly isotropic background
and the anisotropy terme,y ) is the diffractive part of the
IV ED DATA ANALYSIS {Jz;;ciirg, carrying the information on the interatomic dis-

In this section we present the structural models for the Fe The 1SQ,,, contribution is commonly obtained by inter-
film at different thickness, as obtained by comparison of thepolatingl.,(#) to a polynomial and divided out in order to
ED experimental data to multiple-scattering calculations. Inextract x..,, which is then compared to calculated
our computational approach the ED polar patter(6) is  xcaiqs) .8 We have preferred to afford a calculation of the
considered as a superposition of two contributions, accordingsO term. Thus, the polar scahs,(#) have been compared
to the expression: with calculations

Iexp( a)zlsoexp(a)[l"')(exp(e)]u 1) lcaic( @) =1SOcac( [ 1+ xcaic( 0)]- (2
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cell a has been obtained from the GIXRD measurement,
while the ratio between the vertical spacinganda , was
first estimated by visual inspection of the angular position of
the F peaks in the ED patterns. With these input parameters,
the structural models have been refined by calculating
Xcalc(s) @S @ function ofa andc.

16x10"

A. Low coverage:®@<8 A

The patterns of Figs. 4 and 5 force us to consider an
fcc-like structure. Although results from Refs. 14 and 20
suggested a limited degree of mixing of Au in the first few
layers, a reasonable fitting of the data was possible disregard-
ing atomic exchange processésThe comparison between
MscD calculations and the experimental ED scans is reported
in Figs. 4 and 5(curves labeleda). Note that the same
ISO,,1c(0) is used in both azimuthal directions.

The polar scans compare rather well with a simple three-
layer Fe pseudomorphic fcc filmaE2.65 Ac/a=1.41)
built on an unrelaxed substrate extending three layers be-
neath. However, a slightly better agreement was found by
admitting a slight tetragonal distortion with),=2.65 A and
c/a,=1.38. The quality of the fit is observed to be slightly
worst along the(110,;, direction. In fact, the ED polar
scans are certainly affected by the film morphofSgiguch
as preferred step orientatigribut we cannot exclude a struc-
tural origin related to a very slight zigzag of the surface atom

20 0 20 40 60 80 chains, which would smear the forward focusing features. In
Polar angle (deg) fact, a strong buckling was reported for the Fe or(GDd)
systent® where this distortion is predicted to be precursor of
FIG. 5. Same of Fig. 4, but for thé110) substrate symmetry the fcq100) to bcd110) martensitic transitiori’ however,

direction for(a) the 3-A film, (b) the 10-A film, (c) the 20-A film,  the latter transition is not observed on the present system.
(d) the 36-A film. Full lines are the fits to the experimental ED data

(open circles The heavy dashed lines represent the om- .

po&ent, which is the s;,ryne for both azimu[:hal directiocr%z% the cor- B. Medium coverage: 8 A<©<20 A

responding Fe thickness. The y peak in the GIXRD patterns &=8 A indicates a
change of the growth mode. We first calculated the simula-
tion for a homogeneous iron phase made of six complete

alayers, assuming the/a ratio of 1.32 estimated by simple

inspection of the angular position of the maximum of the

Intensity (arb. units)

For any given model the anisotropy termm, . has been
calculated by means of thescp code packagé& while the
ISO term has been written as the product of sever
factors®*3!First, an emission factor accounts for the electron : . : : .

peak in the polar pattern. This model yields a simulation of

emission matrix elemeri, it is o_Ie_te_zrmlned by the polariza- the ED datgnot shown definitely not adequate. GIXRD and
tion of the beam and by the initial and final states of the . . ) ; .

emitted electron. A second factor bears the information o D ewdencgs can be rat|onal|;eq i the. coexistence of the
the excited electron escape path through the Fe *ilin; wo phases is a;sumed: the majority fec-like phgse, as seen at
depends on the thickness and the homogeneity of the film. }fg)r\:;sce?e;]a}gg}itlj ;ﬁ;géngtapr:gdsfééhe nucleation of a new
third factor accounts for the surface roughn&ssinal, an The ED patterns for the 10 A Fe film thickne@sirveb in

instrumental factor accounts for the beam-spot size on th igs. 4 and Shave been compared to calculations performed
sample and the angular acceptance of the detector. The ¢ [\9s- 'mp : ons p
on a crude model assuming the linear combination of two

culation of the ISO part requires therefore reasonable esti: N )
mates on the thickness and the surface roughness of the fiIrH'Olependent phases:
and on the electronic mean free path.
Concerningvsco calculations, the nonstructural input pa- lin=Al,+Bl,, 3
rameters, i.e., multiple-scattering order is 6 and the inner
potential is 10 eV have been fixed for all the simulations.where | ,—a,=2.65 A and c/la,~1.38.1,—a,=2.74 A
Clusters of at least 180 atoms have been considered. THEom GIXRD) andc/a, to be determinedc/a,, A andB
isotropic emission for the Auger electrons has been simuwere varied in order to find the best agreement with experi-
lated by the transition from an initiad level to ans (I —1) mental data.
final-state level. Taking into account the estimated thickness of the film,
The value of the lattice parameter of the in-plane squarave have modeled a film of about five to six layers. A good
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agreement was obtained witt'a,=1.22, A=0.6, andB L5 T T —
=0.4 for both azimuthal directiongull line in polar scanb O e
of Figs. 4 and & AF fec FM fec A 37ML Ref. 14
For comparison, we also calculated the simulation for a 14 ‘ A DO 2OMLRet.8
homogeneous iron phase made of six complete layers, as %seudomorphic
suming thec/a ratio of 1.32 estimated by simple inspection phase
of the angular position of the maximum of tkepeak in the L3 .
polar pattern. This model yields a simulation of the ED data
(not shown definitely worse than the mixed phases model. o bee 10A y-phase
At 20 A the F peaks are clearly shifted, indicating a 5 12}
change of thec/a ratio. Backed by GIXRD, a model consid-
ering the superposition of three phases was attempted:
L1+
lth=Al,+Bl,+Cl,. (4)
For simplicity, the parameters for the pseudomorphic and 10l
the y phases were fixed at the same values found at lowel
coverage; |,—a,=2.65 A,clap~ 138 and I,—a,
=274 Acla,=1.22. By taking A=0.4,B=0.4, and C 0.9 . | L L
=0.2, a rather satisfactory agreement was fo(mdves la- 2.5 2.6 2.7 2.8 29 3.0
beledc in Figs. 4 and bwith the following set of parameters a (A)
for the @ phase:
|,—a,=2.80 A, c/a,=1.05. FIG. 6. Comparison of our results and other experimental data

We note that a reasonable agreement was found also withvailable in literature for thick films with the theoretical prediction
a linear combination of the pseudomorphic phasg, ( for the structure of the bdiafter Ref. 4 and fct[after Ref. 12
=2.65 A,c/ap~1_38) and they phase ey:2_74 A,c/ay phases, the so-called epitaxial curédl and dashed lines The
=1.22) found at 10 A. However, in this case, we have foundull circles represent our structural determinations, the thickness
rather different values of th& and B coefficients along the and corresponding Fe phase are indicated for each point. The open
two azimuthal directions considered. Finally, the simulationCircles represent the determinations of Ref. 12, the corresponding
for a homogeneous phase model assungitag=1.25, corre- thickness is also indicate(@n italics). The open triangle and the

sponding to the angular position of tifepeak in the polar open square represent the measurement of Ref. 14 at 37 ML and
scan, gave a bad quality fit that of Ref. 8 for a 250-ML film, respectively. The path for the

transition from the fct to bct phase is indicated by the heavy dotted
C. High coverage:0>25 A line.

The in-plane lattice parameter of the phase at 36 A metal-on-metal epitax}® The occurrence of a pseudo-
determined by GIXRD is,=2.830+0.005 A. The value of morphic phase at low coverage is also reported by other
c/a, was determined by simulation of scattering from a free-measurements on GAu(001) (Refs. 9 and 14 and
standing film consisting of a unique phase of 10 layers. Th€lAu1o(001) ** As can be seen, this phase lies above the
best fit yieldeda,=2.83 A andc/a,=1.03-0.02. The ferromagnetic(FM) fcc epitaxial line and is locked by the
best-fit curves along100)s,, and (110, are reported in substrate for a few layers before the appearance ofythe
Figs. 4 and 5(curves labeledd). We found an excellent phase at-8 A (for the pseudomorphic phase this thickness
agreement along th¢100),,, direction. The simulation re- corresponds to 4.5 ML which indicates that the limit for
produces rather accurately the angular position, intensity an@seudomorphic growth has been overcofire Fig. 6, we
width of the N and F peaks. The experimental data are nothave reported the point at 10 A for which the vertical spacing
reproduced equally well along tH&10),, direction, possi- has been also determined by the ED ana)ySisese data are
bly due to some morphological effettA similar analysis, therefore consistent with the limit of 4 ML found in a recent
performed on the film of 30 A thickness provideal, experiment* and with the values obtained in earlier studies

=2.810+0.005 A andc/a,=1.05+0.02. on this systent:®
A relevant exception to such general agreement on initial
V. DISCUSSION stages of growth, is provided by the accurate analysis of

Wuttig and co-workerd®!? As can be seen in Fig. 6, the
In Fig. 6, we report the comparison of our results and thdilms were found to lie on the bcc epitaxial line already at the
other experimental data available in literature with the theocoverage of 3.3 ML(i.e., ~5 A, according to the data in
retical prediction for the structure of the bct and fct phasesTable | of Ref. 12. This discrepancy could be possibly at-
the so-called epitaxial curvégi.e., the curves where the tributed to the different procedure for film deposition, since
Poisson ratio between the elastic constants for the givethe authors of Ref. 12 deposited the first two monolayers at
structure is conserved 150 K, while subsequent layers were deposited at 300 K.
The single phase we found at the lower coverage reprefhis procedure is expected to reduce both intermixing and
sents the pseudomorphic phase predicted at initial stages sfirface segregation. In fact, a fraction of the order of 10% of
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a monolayer of Au atoms has been found to segregate faroverage the magnetic properties change and the formation
® <4 ML upon deposition at RTRef. 14 and a few per- of buffer layers with antiferromagnetic fcc structure is pro-
cent has been found within the Fe fifin?14We may specu- posed. An fc€100) to bcd110) transition takes place at about
late that Au and Cu impurities are concurrent in the stabili-10 ML (which is also accompanied by an SRO transition
zation of the pseudomorphic phase. It is worth noting that @ut, in this case, the whole film is observed to deconstruct,

bcc—!ike structure has been recently s_ugg.estedZG.M)—ML i.e., a martensitic phase transition takes pf¢&This is not
Fe fllrﬂ)s on C(001, where segregation is certainly much observed for Fe on GAu(001), where they phase is still
lower: detectable at a thickness of 20 A. In any case the formation

The morphology of the growing film is also affected by of the hct phase is accompanied by a significant amount of
the deposition procedure. In fact, we previously found by Hegyrface roughness, possibly leading to the exposure of the
atom scattering that deposition of one layer equivalent at 15¢yers closer to the Fe/substrate interfdeehich are still
K and subsequent annealing at 400 K yields thg forr_nation %robed by ED at 20 A, see Sec. 1) Brhis is consistent with
an homogeneous pattern of three-layer height islahds, 5 quantitative evaluation of the bct domain size obtained
whereas a much higher filling of the first laye88%) is  py the width of the diffracteck peaks. The profiles of the
obtained upon deposition of 1 ML at RY. _ RiSpct (110) and Rbct (100) peaks, obtained with an azi-

Whatever the effect of temperature on segregation, struGythal scan at fixed photon energyot shown, yielded a
ture, and morphology, our measurements do not SUPPOrt @ean domain size of 150 A for the 36-A film thickness.
direct relation between the SRO transition and the fct to beirpig high level of morphological disorder is consistent with
one. In fact, the latter phase only appears at a thickness of ke experimental findings for homoepitaxial deposition of Fe
A, ie., well beyond the 2.5-3.5 ML range claimed in the g, F&001) at RT, where, in absence of surfactant species, the

literature for the SRO transitiof. ' On the basis of the growth is seen to proceed in a three-dimensional fastiéh,
present data, we cannot exclude a connection between ”F@sulting in the formation of pyramidal moundlike

transition from the pseudomorphic phase to thejfqthase  gtrycture<®
and the SRO transition.

The film evolution in the (10-20)-A coverage range is
the most interesting one since up to three different phases are
seen to coexist. The phase is seen to fall on the epitaxial
line for FM fcc Fe. Its lattice parameter at 8—10 A,/ We have presented a combined GIXRD-ED study of the
=2.74+0.01 A, seems to be the maximum allowed straingrowth of thin films of Fe on C4Au(001). We observed the
for this fct phase; in fact, when the third phageappears at formation of different phases as a function of the film thick-
higher coveragea,, rather shrinkgsee Fig. 3. This suggests ness. The main conclusions of this investigation can be sum-
that the appearance of the phase partially relieves the marized as follows.
strain of the fct film. Thew phase, when appearing at 17 A, (1) A single pseudomorphic phase of nearly fcc character
has already a lateral lattice spacing of 2.80 A, which, to-was observed belo 8 A thickness. This conclusion is con-
gether with the vertical spacing determined MscD analy-  sistent with most of the previous works in the literaftffé
sis, brings the new phase directly on the bcc epitaxial linewhereas it seems in apparent contrast with the analysis of
No diffraction features are observed for lateral lattice spacRef. 12 that reports a bct phase down+d A. In this
ings ranging from 2.74 A up to 2.80 A. Upon further depo- respect, we suggested that exchange processes at the
sition, the “asymptotic’ orthomorphicew phase evolves interfacé* may concur to the stabilization of the pseudomor-
along the bcc epitaxial line. The structure of this phase iphic phase and we speculate that the different results of Ref.
seen to be fully consistent with previous data reported in thd2 are due to a lower influence of intermixing obtained dur-
literature for thick film$*%4From our data, the transition ing the deposition of the first two layers at 150 K.
path between the fct and bct structure can be traced at the (2) On a 8-A Fe thickness film, a neat Fe-induced peak,
value of maximum tensile straia,=2.74 of they phase. clearly illustrating the overcoming of the thickness limit for
The observation of a bct phase with the same lateral latticeseudomorphic growth, has been observed from the in-plane
constant was not possible, in fact the appearance ofxthe GIXRD measurements. Above this limit the film is charac-
phase is accompanied by a partial relief of strain as witterized by the coexistence of phases: the pseudomorphic
nessed by the slight decreaseagf, which corresponds to a phase, most likely in inner layers, and a second strained
volume decrease of the unit cell towards the predicted Fe phasey. The latter phase is seen to lie on the ferromagnetic
fce equilibrium point. On the other hand, the limit value for fcc epitaxial line.
the bct stability was apparently reached by the group of (3) At §~17 A, we clearly observed the nucleation of a
Wuttig.}? By following a different preparation procedure, third strained phasey, which becomes the dominating struc-
they stabilized the bct phase down to four monolayers, withure at =25 A. The a phase is characterized by a body
a corresponding lateral lattice constant in excellent agreesentered, tetragonally strained structure, whose unit cell is
ment with the 2.74-A value, we found for the limit of stabil- rotated by 45° with respect to the fcc substrate. The strain is
ity of the fct phasesee Fig. 6. progressively relieved with the increasing film thickness, in

It is interesting to compare this system with the Fe/close agreement with the results of Ref. 12. The experimen-
Cu(100) one. In the latter case, Fe is also seen to grow withtally determined lattice constants afare in strict quantita-
an fcc pseudomorphic structure for at least 4 ML, at highettive agreement with the epitaxial curves for bcc Fe.

VI. CONCLUSIONS
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