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Structural phase transition of Fe grown on Au(111)
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Detailed structural studies of the growth of Fe on&Ll) have resolved the long-standing controversy about
the nature of the structural phase change in the Fe/Au system. It has been thought that the first few layers of
Fe on Au in this orientation grew as fcc. Here we show that the first few layers of Fe grow epitaxially on Au
to form a rotated, strained face-centered structure. Subsequently the entire Fe layer relaxes via two distinct
lattice distortions into bcc Fe.
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I. INTRODUCTION (KS) epitaxial relationship depending on the growth tem-
It is well known that the magnetic properties of ultrathin Perature. These different structural studies are restricted ei-

films depend upon the crystalline phase of the material. Iher to in-plane structure and/or thicknesses either below or
epitaxial growth, this phase can be different for the first fewabove the phase transition. More recently medium-energy
monolayers(ML) compared with subsequent layers. This ision scattering® showed that a relaxation occurs but no de-
related to the growth conditions which influence the diffu- tails concerning the relaxed structure or epitaxial relationship
sion length of the atoms as well as the lattice parameter andith the underlayer were determined.
surface free energy of the underlayer. These effects can result In this paper, we present a structural study of the evolu-
in a thickness dependence of the structure and consequentipn of the crystallography of Fe layers deposited on
of the magnetic properties. Au(111). We study in detail the growth of Fe from 1 ML up
Recently there has been a huge interest in using epitaxy & a thickness where the Fe is relaxed. In the first part, the
study interesting phases of elements such as Fe. For egtystallography along the normal to the surface is probed
ample,yFe, which is fcc, is predicted to be antiferromagneticusing high-angle x-ray diffractiofHAXRD). In the second
under a 1% tensile stain but normally only exists above tempart, we concentrate on the in-plane structure using reflection
peratures of 1184 K. Various substrates have been used figh-energy electron diffractiotRHEED) as anin situ probe
seed the fcc growth of Fe such as(Q@1),22 Co(001), or  and grazing-incidence surface x-ray diffracti@XD) as an
Ni(001),% and these systems have been extensively studied. @ situtechnique to probe in-plane structure after the depo-
was shown that a phase transition from fcc to bee occurs vigition of overlayers.
an fct phase with accompanying complicated magnetic be-
havior. The similarity between these three systems has been Il. EXPERIMENTAL PROCEDURE
attributed to the nearly identical in-plane structure of the un- _ )
derlayers. These studies confirmed theoretical predictions The samples were grown in a VG-80 Semicon molecular
that the magnetic properties of Fe is a function of its latticeP€@m epitaxy(MBE) system with a base pressure of 5
parametef:5 X 10 " mbar. It is equipped with a RHEED electron gun
Electron channeling effects have been demonstrated in thiorking at 12 kV and the RHEED patterns were captured
transport properties of Fe/ALO0) and Fe/A111).633Cru-  With a charge-coupled-device camera and a frame grabber
cial to our investigations has been an understanding of th§ard used in connection with a personal computer. The data
structural differences between the two crystallographic oriWWere analyzed using the softwaresa300 described
entations. Early structural studies using scanning tunneli[r:glseWheré- The angle of incidence of the electron beam was
microscopy suggested that for thicknesses less than 1 nmP€low 0.6° which limited the electron mean free path to the
the Fe layer had grown pseudomorphically to the fccfirst 2 ML.2 High-quality Al,O5(1120) crystals were used as
Au(11)). This idea was contradicted by studi€sf the mag-  substrates. They were rinsed in acetone and isopropanol and
netic properties where the conclusion was that only bcc Féhen annealed at 950 °C for 1 h. Because it is well known
was present at any thickness. However, no confirmation byhat the deposition of a Nb layer on this substrate is an ex-
structural analysis was given by these authors. Other strucellent buffer for epitaxial growth of metallic
tural studies of Fe samples with a thickness greater thamultilayers!®-*®a 130-ML Nb buffer layer was evaporated
1 nm have shown that the Fe is l6tt0 oriented with a by ane-gun at a rate of 25 ML/min and at a substrate tem-
Nishiyama-Wassermah™ (NW) or Kurdjumov-Sach¥®  perature of 950 °C. A first Au layer 130 ML thick was de-
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posited using a Knudsen cell at a rate of 5 ML/min and at a
substrate temperature of 250 °C. A single Fe layer and the
superlattice of Fe and Au layers were deposited at 30 °C and
at a rate of 5 ML/min.

To study the evolution of the Fe crystalline structure as a
function of its thickness, a 20-ML single Fe layer was grown
on the Au buffer. The growth was interrupted at each ML to
perform anin situ RHEED analysis at the surface of the
sample. Anex situx-ray analysis was carried out on several
superlattices for information concerning the crystallinity
along the normal of the surface. These were grown during
the same run with nominal structures Nb 130 ML/Au 1.2 . 14 1.6
130 ML/{Fe X ML/Au 9 ML/ } X 20 whereX=3,6,9. The q (A'1)

GIXD measurements were performed at the XMaS Beam- z

line, ESRF Grenoblé&® Through the use of focusing optics it FIG. 1. (Color online HAXRD scan of an FeA(L11) multilayer

is possible to achieve an incident beam intensity of the ordefith 3 ML of Fe taken at a wavelength of 1 A. The solid line is a fit
of 10'2 cps. The beamline is equiped with an 11-axis Hubelusing the simulation prograsuprex The inset shows the detail of
diffractometer, allowing scans to be performed in both thethe fringes between satellite peaks on a 9-ML sample. These data
vertical and horizontal plane of the film. A Bicron scintilla- confirm the high quality of the superlattice.

tion detector was used in conjunction with Soller slits of 0.1°

angular acceptance. In the grazing-incidence scattering gesces to be crystallographically abrupt with well-defined, ep-
ometry an incident beam angle is selected by tilting the enjaxial layers and little interdiffusion.

tire diffractometer assembly with respect to the beam. This  gjnce the phase transition or structural disorder can con-
method ensures that, although the diffractometer axes akgipte to the full width half maximunFWHM) of the main

now offset to the beam, all axes still scan in the same horigragg peak, simulations were carried out using a modified
zontal plane. An incident beam angle @+0.2°, below the  yersion of thesuPRex code?® With the original code, it is

critical angle for total external reflection, was used, limiting gjther possible to simulate a bilayer structure or a multilayer.
the 1/ depth of the intensity of the evanescent wavelat fFor the particular samples studied here, where a multilayer
=1.033 A, to approximately 40 A. In GIXD, diffraction \yas deposited on two buffers, a modification was required to
planes perpendicular to the surface are chosen and two typgsye into account the scattering of all the layers. The Nb and
of scan performed._Rocking curves in which the sample onlyy, puffers were modeled as the bilayer structure and the
was rotated about its surface nornigl scang measured the  caiculated intensity was added to the simulation obtained

in-plane mosaic and coherence length. CoupjeBd scans  from the pure multilayer. This incoherent approximation is
of specimen and detector in a 1:2 ratio measured the in-plangyivalent to

lattice parameter. The in-plane Bragg peak widths may be
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broadened by inhomogeneous in-plane strain. A full in-plane IS(g)[+ |B(g)|? = |S(q) + B(q)|?, (1)
reciprocal space map can be obtained by combining a se-
guence of$-26 scans at different values. where S(q) is the scattering amplitude from the N bilayers

Grazing-incidence specular and diffuse reflectivity mea-and B(q) the one from both of the buffers. The multilayer
surements were used to measure layer thickness and interfaggtellite peaks and the Bragg peaks arising from the buffers
structure. As the scattering vector is small in comparison tgyre sufficiently separated to allow us to use the incoherent
the value of a reciprocal lattice vector, these latter measuregpproximation. The fit in Fig. 1 is satisfactory, bearing in
ments are sensitive only to electron densiBor these mea- mind that diffuse scatter is not included in the model.
surements theb angle remains constant. In these simulations, two of the parameterssipBPREX
have an influence on the width of the main Bragg peaks: the
“continuous roughness” defined as the continuous atomic
level disorder at each interface and the “discrete roughness”

High-angle, coupled-26 diffraction scans running longi- defined as a Gaussian variation of the number of planes.
tudinally down the reciprocal lattice vector are shown in FigContinuous fluctuations of the interface thickness can ex-
1. There is a well-defined zero-order multilayer peak withplain the loss of long-range order and the discrete roughness
several satellite diffraction orders, equally spaced about than the material of one layer will broaden the peaks at the
zero-order peak. The scattering is dominated by the Au layposition of another materidh?? The influence of the other
ers and is largely insensitive to imperfections within the Feparameters of the fitted profile was restricted to the satellite
layers. The peak positions are within 0.3% agreement opeaks. Parameters used to fit the curve in Fig. 1 are listed in
those calculated from the bulk lattice parameters, weightedable I.
by relative layer thickness. This confirms the Au in the mul- Broadening of the main Bragg peak for samples with
tilayers to be (111 oriented with no other orientations more than 5 ML of Fe could not be simulated. This broad-
present and minimal out-of-plane strain. The sharp, wellening is attributed to a reduction of the bilayer coherence
defined peaks, visible out to high order, indicate the interdength brought about by the presence of a different Fe phase.

Ill. OUT-OF-PLANE STRUCTURE
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TABLE I. Suprex parameters used in fitting the 3-ML Fe data in 10°
Fig. 1.d is the interplanar spacindNmonoiS the number of mono- @ .
layers,c is the continuous roughnedsis the interdiffusion, andy € 10
is the decay length of the interdiffusion. The fit was found without g 10"
any stress and negligible monolayer fluctuations. E
Z10° )
d (A) Nmono C (A) I (%) aQ; § 102
E
Fe 2120%£0.005 3.21+0.01 0.06£0.01 10x2 5%2 § 10" .
Au  2.355+0.005 8.85+0.03 — 10+2 5%2 = 10 ¥
s
10 10%
Indeed, the in-plane residual stress will vary because the 0 2 4 6 8 6 2 2 6
plastic deformation of the metal depends on the type of crys- (@) q,(10 AT (b) qx(1o-3 A

tallites (NW bcc or fcc in-plane structuyeThis results in a
nonuniform strain, normal to the plane, which causes a FiG. 2. (Color onling Reflectivity scan of an FeAall
broadening of the peak3.In agreement with this the out-of- mutilayer with 9 ML of Fe. The left frame shows the specular
plane coherence length determined from the FWHM usingcatter with four orders of Bragg reflections and Kiessig fringes
the Scherrer formula is reduced with increasing thickness oflearly visible. The frame on the right is a measurement of the
Fe layers. diffuse scatter where the specular ridge is clearly visible as are hints
We note from the inset of Fig. 1 the well-defined thick- of the Yoneda wings. The solid lines represent fits to the data.
ness fringes modulating the main Bragg peak, particularly

evident on thicker samples such as the 9-ML exampleyly good agreement with that determined from the high-
shown. Indeed, these are not arising solely from the top angngle scans. The bilayer, buffer, and seed layer thicknesses
bottom of theN bilayers since(N-2) fringes are expected \yere all found to be close to the nominal thickness.
between the peaks. They are therefore due to the scattering The nature of the interface roughness and lateral interface
from the whole of the sample including the Nb and Au buff- morphology was determined by fitting simulated data from
ers. Their periodicity corresponds to a thickness of 580 A, inmodel structures to transverse diffuse defey. 2(b)]. For
agreement with the nominal thickness of 600 A. each sample, transverse diffuse data at several scattering vec-
The average interplanar spacidy) was determined from  tors were modeled simultaneously. While time consuming,
the zero-order peak whereas the bilayer spacihg was  such a method is essential in locating the true global mini-
determined from the position of the satellite peaks t&ing mum for the match. The interfaces possess a roughness
which is predominantly correlated in nature with a correlated

2sing = ii i. (2 to uncorrelated ratio of 15:1, and there was no observable
A de Ay compositional grading. For the 4-ML-thick Fe multilayer, the
From the definition ofi, and A,, it easy to show that the MS roughness was measured to be 3.3+0.3 A and the in-
Fe interplanar spacingde, is given by plane correlation length was 250+10 A. For an Fe thickness
of 7 ML, a slightly lower rms value of 2.5+0.3 A was found
o= Ax- NAudAudX. 3) with a correlation length of 195+10 A.
Ay = Npydy Table Il shows the parameters determined from the high-

All the parameters of this equation are determined experi‘—”lngle x-ray and specular reflectivity data.

mentally except the Au interplanar spacing which is assumed
to be equivalent to the bulk since the RHEED and GIXD IV. IN-PLANE STRUCTURE
show that the in-plane structure of the Au overlayers are bulk |, Fig. 3 we show a model of the various row spacings

like in these samples. At any thickness, the out-of-plane latynich are present in the10) plane of Fe. The growth mode
tice parameter of the Fe layer is much shorter than the fcg¢ 5ne metal on another is determined by surface energy
Au(111) and approximates the bulk Fe &0 for large Fe  considerations and the degree of lattice mismatch. In the case
thickness. _ o of Fe on Au, islands form because there is both a surface
Simulation of x-ray specular and diffuse reflectivity mea- enerqy difference and a lattice mismatch. There are two pos-
surements enabled an independent measurement of the Sije crystalline orientations which correspond to different

perlattice periodicity as well as the interface roughness. Thg\wth modes of nucleated islands. The preferred directions

off-specular scans exhibited the same periodic features as the . . .
specular scans indicating that a high proportion of the inters © those in which the most densely packed ré@d1)) in

face roughness is correlated in nature. Figut® 8hows a (he fcd111) plane are parallel to one of the densely packed
specular scan of the reflectivity of a 9-ML Fe sample. Therows in the bc€l10 plane ((111), (111), (001). The first
excellent agreement between simulated and experimentélvo are the KS orientations and the last is the NW orienta-
data allows an accurate determination of the layer thickneson. From these possibilities, the preferred one will depend
and interface width to be obtained,,,, the bilayer spacing on whether the distance between the corresponding rows is
determined from low-angle reflectivity scans, is in remark-the same in the two crystals. In our samples, the ratio of
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TABLE II. Measured lattice parametéd,) and deduced Fe lattice paramey,) determined from fitting
the HAXRD data usinggUPREX A and Ay, x are the bilayer periods deduced from HAXRD and reflectivity
measurements, respectively.

dx Ax (A) AIow,x (A) dFe (A)
3 ML Fe 2.286+0.005 27.61+0.07 27.9+0.5 2.12+0.07
6 ML Fe 2.248+0.005 34.37+0.08 34.0+£0.5 2.11+0.06
9 ML Fe 2.200+0.005 40.66+0.08 39.9+0.5 2.07+0.06

nearest-neighbor distances in the bulk metatsa,,/are  growth conditions of Fe on Aldll) substrate were similar,
=1.16+0.06, is close to the value pf1.155 for which the showed the coalescence of early formed Fe islands leading to
NW orientation is preferred, based on calculations of thdayers which are atomically flat with terraces of order 100 A.
energy contributions of misfit dislocations and strain. TheThe important point is the coincidence of the RHEED pattern
value ofrr for the KS orientation is 1.08. However, in the for the 4 ML Fe layer with that of the Au.

presence of defects or nonuniform strain, the theory suggests Before the critical thickness of 5 ML, where the splitting

that pseudomorphic and KS growth modes can ottHf. of the streaks occurs, the ratio between the lattice spacing
along(211) Au and that along011) is equal to,3. Also,
A. Fe thinner than 5 ML these lattice spacings were repeatedly found with a 60° rota-

Analysis of the RHEED patterns reveals both changes i ion of the sample. This is cr_]aracteristic(dﬂl)_planel six_—
the topography of the surface and changes in the crystall old symmetry. The Fe layer is therefore growing epitaxially

graphic structure of the surfa@®?® The FWHM of the to the Au adopting an f¢&11) surface. The central images in
— Fig. 4 are saturated in order to show the weaker features.

- Line scans across images with shorter exposures enable the
and (211) directions in the Au. The FWHM has been de- lattice parameter to be determined with an uncertainty of
convoluted from the instrumental broadening and the aver9.5%. We find the in-plane lattice parameter of the strained
age in-plane coherence length determined. The instrument&k to be 4.00+0.02 A.

broadening corresponds to a coherence length of the electron The second feature only appears for Fe which is thicker
beam estimated at 1800+100 A from the finite convergencéhan 5 ML. A progressive splitting of the streaks located on

and finite energy spread of the electron bédmihe lattice  each side of the specular streak is observed alongCtht

?gg |g]9tﬁgllll\3]giti%)rlbnvf?§rcarrled out on the well-oriented Surémd (Ell) crystallographic directions of the Au. This could

— — . arise from diffraction on a vicinal surfac¢éhowever, in this
The RHEED pattern along011) and(211) azimuths of case the specular streak would also be split, which is not

the Au buffer exhibited fine and continuous streaks as ShOWBbserved, showing that the Fe is growing in two different
in Fig. 4. The FWHM of these streaks indicate an averaggpitaxial structure®
in-plane coherence length of 1300+150 A.

Figure 4 also shows the two main features observed from <()T1> <§11>
the RHEED patterns at the surface of the Fe layers. The first
feature consists of discontinuous streaks at an early stage of
the deposition. This suggests a nucleation of Fe islands on
the Au surface which is expected because of the much higher
surface free energy of F&2.9 J/nf) compared to Au
(1.6 J/n?). Previous experimental studiéswhere the

specular streaks was recorded with the beam alon¢0ttB

4 ML Fe

11 ML Fe

Q. V212

FIG. 4. (Color online RHEED images of the growth of Au on
sapphire and Fe on Au. The two columns indicate the direction of
the electron beam in th@ 11) plane, and the row labels indicate the
surface under study. The second row shows the growth of a thin Fe

bt layer where the coincidence of the Fe and Au streaks indicate that
the Fe has grown with the same lattice constant as the Au. The third

FIG. 3. (Color online The (110 plane of Fe showing the vari- row shows the pattern for much thicker Fe. Note the development
ous lattice spacings and the two epitaxial growth modes: NW anaf two lattice constants evident from the additional streaking in the
KS. righthand frame.

9poz="p
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TABLE ll. Interatomic row spacings from RHEED and
4 GIXD.
3-
RHEED GIXD
2.
g Under 5 ML 4.06%£0.02 4.06+£0.01
::E Over 5 ML NW (211) 2.06+0.02 2.036+0.005
pes 0 Over 5 ML KS <511> 2.36+£0.02 2.363+0.005
-1
-2
4 By 5300 sample shape. The Au peaks are broadened due to the pres-
v u[220] ence of underlying peaks from the Fe layers. The shoulders
-4 1 present in the thinner Fe multilayers have now disappeared.
As the thickness of the Fe increases, the interface strain is

+ ¥ = A 05_, 1 2 3 4 relaxed and two orientations for the Fe appear. Near scatter-
a(a’) ing vectors ofq=2.55 A™* andq=2.97 A there are peaks
FIG. 5. (Color onling GIXD data for a multilayer of 4-ML- corresponding to two structures with different lattice con-
thick Fe layers on Au. The large peaks are along the(AL0) stants. These correspond to the KS and NW epitaxial struc-
directions—note the small shoulders which are due to the straine(wres'_ The abs_ence (_)f the S_homders on the Au 220 peaks
rotated Fe. The angle of rotation from the the &10 direction is S'gn'f'es_‘ that with th_e increasing number of overlayers Qf Fe,
24°. At lower wave vector there is evidence of the NW orientationth‘:{Stra'n at the Au |nterfgce has been overcome, causing the
beginning to form. entireFe layer to reorder into a bcc structure. The GIXD data
therefore confirm that a structural transformation has oc-
curred.
Since RHEED analysis gives information on the spacing
— ) — ) tween equivalent rows of atoms parallel to the incident
position shows a 2% strain of t§811) interatomic rows and beam, the presence of the NW orientation is indicated by a

1% strain anng{Ell), compared to bulk. However, a defini- spacing ofar./2=1.435 A along the(?ll) fcc andagy/ |2
tive conclusion cannot be reached because this could be ei-, 459 g along th€011) fcc 22 On the other hand, the pres-
ther a real strain or a result of the finite electron penetration ' .

depth. For greater thicknesses, the streaks are continuou%r,]Ce of the KS orientation would be indicated by a lattice

and the distance between them remains stable with thPacing of (2ags/ 6)=2.348 A_along the(011) fcc and

growth of further layers. This indicates that the Au has a(ag.,/3/6)=0.828 A along the(211) fcc, the spacing be-
well-ordered 2D surfacé and that the stress is relaxed be- o
fore the deposition of the fourth ML. The lattice parameter of
the (111 fcc plane is then found to be 4.06+0.02 A which

agrees with the bulk value of 4.08 A.

Figure 5 shows the in-plane GIXD data from which a
reciprocal space map is constructed.

Near a detector angle of 43°, corresponding to a scattering
vector q=4.36 A1, are the Au peaks corresponding to the
(220) reflections. Between the A@R220) peaks, there are
shoulders to the scatter in a radial direction in reciprocal
space. Such shoulders indicate a distribution of orientations
at constant lattice parameter, showing that Fe is growing epi-
taxially on the Au but with the lattice rotated by 24°. A
second feature of the reciprocal space map is the emerging -2
peaks at aboutj=2.58 A" which is the NW orientation of 3
the nucleating island growth. The lattice parameters deter-
mined from RHEED and GIXD analysis are summarized in
Table IIl.

For the deposition of the first 3 ML of Au on Fe, the
RHEED pattern also exhibits discontinuous streaks and the'tr)e

tween(211) bulk Fe. In Fig. 7 is shown the evolution of the
lattice parameters as a function of Fe thickness. The NW

q(A™")

Au [220]

B. Fe thicker than 5 ML )
FIG. 6. (Color onling GIXD data for 10-ML Fe layers on Au.

Well-defined sixfold symmetry in the GIXD data shows The Jarge peaks are along the ALLO) directions—note the small
the Au layers to be deposited with go@tll1) epitaxy in the  shoulders which were present in the thinner Fe have now vanished.
plane of the film(Fig. 6). Variations in the peak and back- At 30° to the Au(110) directions are peaks at scattering vector of
ground intensity are due to the sample plane not being exq=2.55 A1 andq=2.97 AL representing the KS and NW growth
actly perpendicular to the axis of rotation as well as the modes of Fe.
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Along <-211> Along <0-11> < 80
15 2.5 ~
=
N NW "6.’ ) -
L1afTT 2.4 | g 0f e .
o we o KS P
S 1.3 23 g 60 A 600
© [ 500
o 3 —
1.2 12nn| 22 & 50 ™
.% distance [ w00
g4 2.1 NW g 401" S
0 2.0 230
0 10 20 30 0 10 20 30 £

4 8 12 16 20
Fe thickness (ML)  Fe thickness (ML) Fe thickness (ML)

FIG. 7. (Color onling Evolution of the interatomic row spacings FIG. 8. (Color onling Evolution of the average in-plane coher-
with the Fe thickness. The expected parameters for the NW and K&nce length with Fe thickness. The value saturates after the phase
orientations are shown as horizontal lines. transition at an Fe thickness of about 5 ML. The inset shows the

out-of-plane coherence length determined from HAXRD and using
orientation is clearly visible but only one characteristic of thethe Debye-Scherrer formula.

KS orientation is present. Alon@11) the spacing was found  Fe thickness near 5 ML, 10 A. For Fe layers thinner than 5
to be 1.24 A, half thg111) bulk interatomic spacing. This M_L, the in-plane structure is a rotated_ epitaxial structure
indicates that the atomic row perpendicular to fag1] di-  With respect to Ald11). The rotation provides a mechanism
rection is cutting thé 111] bulk lattice planes in half. From for accommodating the interface stréiand the out-of-plane
these observations, the conclusion is that, beyond 5 ML, thi2ttice constant is consistent with an fcc structliihere is
surface consists of two different centered rectangular net hoar?V5ldﬁnnf?hl;orsgﬁgtuudrgn;glrggég %(;O\t’)vgl]k'liﬁgig)e%ﬁfmtg(fker
one corresponding to a relaxed NW ktt0 Fe plane and bee. The relaxati hanism i diated by th leati
the other a nearly relaxed KS Hed0) Fe. cc. The relaxation mechanism is mediated by the nucleation

. . of two different modifications of the bcc structure, the
The evolution of the average in-plane coherence Iengtrf\lishiyama-Wasserman and Kurdjumov-Sachs forms. These
measured by RHEED, shown in Fig 8, provides confirmatio

; . : "are rotated with respect to each other within the plane. For
of this growth mode. The increase of the in-plane coherencg,ick Fe layers the out-of-plane lattice constant approaches

length to 70+5 A after the deposition of 5 ML is consistent hat of the bulk. The in-plane coherence length rises with
with the coalescence of islands. A larger in-plane correlatiofhickness up to 5 ML after which it saturates. The out-of
length determined by diffuse x-ray reflectivity measurementsglane coherence length decreases monotonically over the
is consistent with the values obtained by RHEED. Howevenyhole thickness range investigated. The growth of Au on Fe
the RHEED coherence length measures the size of the crygtoes not influence the underlying Fe structure at all. How-
talline diffracting unit whereas the x-ray reflectivity is insen- ever, we have shown that beyond 5 ML in thickness, the
sitive to short-range order. entire Fe layer transforms from strained fcc to bcc Fe.
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