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The diffraction anomalous fine-structure technique is applied to the characterization of the local order
around metallic atoms located in binary and ternary iron and cobalt disilicides thin films prepared by
molecular-beam epitaxy on @iL1). The study is first performed on binary compounds, namely, cubic,CoSi
(CaF, type), and metastable tetragonal Fe$i-FeSi-derived type. With the crystallographic structure of
both phases known, the first-order data analysis proposed by Pebiatt[Phys. Rev59, 5479(1999] is used
to reduce the experimental data. The analysis of th&K@adge fine structure collected on the Ifithdamental
diffraction peak of the standard CgSillows the determination of the short-range order around the unique
metallic site, in the same way as extended x-ray-absorption fine structure. In addition, it is shown that record-
ing the FeK-edge oscillations on a single superstructure peak of iron disilicide can provide further information
about the long-range order in theFeSp-derived-type structure. The value of the long-range-ongl@aram-
eter is found to be 0:90.05. Finally, the method is applied to an epitaxial layer grown at room temperature
with the ratio Fe:Si of 0.7:2 and Co:Si of 0.3:2 Si or{13il) and annealed at 930 K. The analysis of Fe and
CoK-edge fine structure collected on the 1ditfraction peak permits to differentiate between Co and Fe local
environments in ternary G@Fe, 4Si, grains having a Cgltype structure. These nanostructures are embedded
in a Cq o5& o55i, Matrix whose tetragonal lattice is very close to thé-eSj-derived one. The value of the
7 parameter derived from the analysis of thek=edge oscillations on the 001 superstructure peak is found to

be 0.8:0.05.
DOI: 10.1103/PhysRevB.67.094116 PACS nuni®er78.70.Ck, 78.70.Dm, 68.55a, 81.15.Hi
[. INTRODUCTION tracted from energy-dependent diffraction measurements due

to the causal relationship between the real and imaginary

The x-ray-absorption fine-structu(€AFS) technique is a parts of the atomic scattering amplitude. Consequently, the
powerful tool to investigate the local distortions around at-oscillatory structure in a DAFS spectrum contains at least as
oms in complex crystalline materials. The interpretation ofmuch local structural information as XAFS. But, the advan-
the modulation of the absorption coefficient above an abtage of DAFS spectroscopy is the ability to combine the
sorption edge, which is related to the interference betweenhemical and short-range structural sensitivity of x-ray ab-
the photoelectron wave function and its scattered part by theorption with the long-range structural selectivity of x-ray
neighbor atoms, is now well establishetiHowever, this diffraction (XRD) and, consequently, to provide selective
technique does not allow an easy separation of the contribistructural information by choosing Bragg peaks separated in
tions of atoms occupying different sites in a crystalline lat-the reciprocal space. Due to this crystallographic selectivity,
tice, since the available information is averaged over all atDAFS can be used when analysis by XAFS is difficult or
oms of the same species in the sample. In addition, in thenpossible, for example, when isolating local structure about
case of mixed phases in the same sample, it is impossible @ unique sit&® (site selectivity or separating the contribu-
isolate the contributions of atoms belonging to each of themtion of each component in a mixed ph4gspatial selectiv-

For ten years, the technique of x-ray-diffraction anoma-ity). Also, the use of DAFS can overcome the problem of
lous fine structure(DAFS) has been able to overcome thesematerials containing atoms with absorption edges closely
problems by using the diffraction conditions to select a subspaced in enerdy.
set of resonant atoms. DAFS consists of measuring the in- The DAFS technique has recently provided great im-
tensity variation of diffraction peaks as a function of energyprovements in the study of local distortions induced by the
at and above an absorption edge of the atoms of interest. Thmwherent growth of strained nanometric films on a single-
information contained in absorption spectra can also be exerystalline substraté Nevertheless, from our knowledge, no
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(a) (b) The intensity of the superstructure lines is then related to the
occupation factors of the metallic interstitial sité$? The
CaF,-type CoSi, o-FeSi, structural information derived from XAFS experiments has

order around metallic atoms in Cafpe and
a-FeSjp-derived phases have indeed their own EXAFS fin-

N also greatly contributed to accounting for the atomic struc-
: 0 % , % ture of these novel phases of iron silicidés® The local
‘ | “ | ‘ \‘ |
oo
* gerprints. In both, the metallic atoms have 8 Si nearest

[ ] % Lo ‘ !
%‘ 0% %Q neighbors, but in a Cogiperfect Cak structure, Co atoms
. have 12 Co next-nearest neighbORNN) ataﬁ/Z, with a

—a’ T’ the lattice parameterai=5.367 A). In contrast, in the bulk
a-FeSp structure, Fe has 4 Fe NNN located af
Si =2.695 A with a’ the in-plane (001 lattice Pparameter.
o Fe, Co Considering the results of XRD and EXAFS, it seems wise

FIG. 1. Structures of thea) CaFy-type face-centered-cubic to record DAFS oscillations on two diffraction lines charac-
(CoSh) and (b) tetragonala-FeSj, phases. teristic of the Caf and tetragonal lattices for a DAFS analy-

sis of CoSj anda-FeSp, respectively. The 11fundamental
DAFS investigation of standard compounds grown in thingdiffraction peak of CoSiand the 001 superstructure peak of
films has been reported until now. A complete DAFS study,-FeSj, have been chosen for this preliminary study. Par-
performed on thin films of binary compounds whose struc+icular attention is paid to the treatment of the spectra re-
ture is well known is now of a fundamental interest for acorded on the 001 superstructure peak characteristic of the
better understanding of the advantage of DAFS with respec}-FeSj-type phase. It will be shown that information about
to the XAFS technique. The samples we studied ar@ong-range order in this partially ordered phase can be ob-
transition-metal disilicide thin films co-deposited by tained from DAFS recorded on a single superstructure peak,
molecular-beam epitaxyMBE) on a S{111) substrate at as far as interatomic distances and coordination numbers are
room temperature and annealed above 900 K. For about teftcurately determined by this technique.
years, new iron and cobalt silicide phases stabilized by the Despite a great deal of effort over the last ten years, at-
strain induced by epitaxy on @ill) substrates have been tempts to stabilize thin films of iron disilicide in a CaE/pe
identified, by using either  transmission-electron |attice have failed. However, way to reach this goal was at-
microscopy;® XRD,'® % or extended x-ray-absorption fine tempted by preparating by MBE ternary silicides in various
structure(EXAFS).**~**In this work, we are interested in the compositions® It has been pointed out that the Co and Fe
ordered disilicide phases that are prepared in thin films byjiicides crystallize either in a single or multiple phases, de-
codepositing at room temperature or{13)—or previously  pending on the growth conditons and nominal
by solid phase epitax{SPB—and annealing at temperatures compositiont”8 In this work, we present a DAFS analysis
as high as 900 K. CoSigrown in these conditions crystal- of the ternary silicidéTS) formed when Fe and Si are grown
lizes in the common fluorite (CaJF cubic structure repre- with the ratio Fe:Si of 0.7:2 and Co:Si of 0.3:2 on(Ril).
sented in Fig. (@). Co atoms form a cubic face centered The as-deposited TS has the CsCl cubic structure. High-
lattice and Si atoms are located in the eighti(,3) posi- resolution transmission-electronic microscdpyRTEM) and
tions. FeSj disilicide has the so-called-FeSp-derived te- XRD experiments performed on this TS after annealing at
tragonal structuré instead. The various structures of the Fe925 K have revealed a phase separation into grains of the
metastable disilicides are well described in the paper ofwo binary structures described abdVé? Both techniques
Whiteaker et al1? Before annealing, the as-deposited thinhave shown the presence in this film of these tand only
iron disilicide film (<100-A thick has the CsCl-derived two) phases in equivalent proportions.
structure that can be viewed as a disordered version of the The results of this study have been briefly presented in a
CaR-type structure: the metallic atoms are randomly distrib-Previous papetRef. 22. The aim of the present paper is to
uted into the fcc lattice positions and additional eightfold describe in detail the treatment of the DAFS spectra recorded
sites between the Si atoms, at the center of the cube with at the Fe and C& edge on the 11And 001 peaks belonging
unit cell of half the size. Upon annealing this silicide, ato Cak-type anda tetragonal phases. A comparison between
depletion of the interstitial sites occurs, which is accompaDAFS and XAFS spectra of the films of standard binary
nied by a change in the lattice symmetry, with a reduction ofcompounds and TSs is emphasized. With the iron atoms
the lattice parameter along the[ 001] direction. A layout of  present in substantial amounts in both phases of the latter, the
the lattice is observed, without reaching the perfect order oainalysis of the two sets of A¢-edge DAFS data allows the
bulk «-FeS} represented in Fig. (b), where one metallic characterization of the local environment of Fe in each of
plane (001) out of two is empty. The Fegithin films, then  them, while FeK-edge EXAFS data recorded from the same
have, after subsequent annealingy-&eSp-derived tetrago- sample should be a mixing of the two.
nal structure. The presence of a small part of iron atoms in The paper is organized in the following mannéy: the
the interstitial sites of the lattice gives rise to additional su-first-order DAFS analysis proposed by Proieitial° used
perstructure lines, due to the doubling of the elementary cellas a starting point of this work is summarized in Sec(il);
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the experiments are described in Sec. (iil;) the data analy- R , . )

sis and results of XAFS and DAFS experiments are de-  F(Q.E)=Foe 0+ Affu(E)- 2 [aa(Q)]-€'?n
scribed in detail in Sec. IV. An accurate normalization of the .

DAFS data by using the theoretical structure factor values is X[xaj(E)+i-xaj(BE)], 2
presented. The DAFS analysis of the partially ordered tetrag-

onal phase in terms of a long-range-order parameter is dé¥hereFo is the complex structure factor ang its phase,
scribed in detail. Section V consists of a discussion of thexj(Q)=cx;-e e~MaiQ%. giQr; Caj is the occupation factor of
results: though our primary goal was the structural charactefatom A on sitej, ande™ MaiQ% the crystallographic Debye-
ization of mixed phases, the last part of the discussion isyvaller factor.F is thus split into a smooth paffirst term
focused on the advantages of the DAFS technique in th@nd a oscillatory partsecond term

structure determination of partially ordered materials. Neglecting the second-order terms, the first-order DAFS

oscillations yo(E) for a given scattering vecto® can be
extracted directly from the experimental spectrum and nor-
Il. FIRST-ORDER DAFS ANALYSIS malized according to the following formula:

When ana%lyzing the DAFS spectra, two situations can be Na
encountered? In the first case, only one anomalous site con- _ . Ny 4 RN
tributes to the diffracted intensity. Thefi and f” (the xo(E) le Waj: L0 Po= Paj)-Xaj + SIN G0~ Paj)- X
“bare” atom anomalous corrections to the Thomson atomic
scattering factgrcan be isolated from the DAFS intensity by _ |[Fol Ipars—lo 3)
an iterative Kramers-Kronig algorithm, without knowing the 2. |aA|.Af6A' lo '
crystallographic structure, and structural information can be
obtained fromf” using standard XAFS analysis methods. Inwherelparsis the experimental intensity corrected for fluo-
the second case, there are several anomalous crystallographiscence background and the absorption of the incident and
sites, with different weights. In that case, precise knowledgdliffracted beamsl, is the smooth curve of the experimental
of the structure is required in order to obtain approximateDAFS spectrumN, is the number of anomalous atoms, and
values of the atomic scattering factors. In this way, an accuwa;=|aaj|/|as]. The DAFS normalization factorSp
rate extraction of the DAFS signal is achieved. The data are=|Fg|/(2-|aa|- Afg,) may be calculated from the crystallo-
then analyzed similarly to EXAFS spectra to provide localgraphic structure.
structural information about each anomalous site. The DAFS oscillations can be written in an expression
In our case, the presence of two anomalous sites irxthe very similar to the EXAFS one:
tetragonal phase renders impossible the use of the iterative
integral algorithm. Moreover, the iterative Kramers-Kronig R .
extraction can cause additional errors related to the quality ofXo(K) = > > waj(Q)-am Paj(K) - sin
the data and the theoretical functions ué@onsequently, =T
the crystallographic structure factors are calculated using the .. .
Thompson atomic scattering factors and the “bare” correc- +9o(QK)—ha(Q)— 5
tions for all atoms. The multiple-anomalous-site method is
applied to analyze the DAFS oscillations in order to obtainyherer is a photoelectron-scattering patim pEJ(k) is the
the structural information in both phases. , amplltude of the photoelectron scatteriidy; the phase shift,
In the forward-scgtte_rmg limit, the atomic scattering fac- and RAJ the effective path length. This equation shows that
tor of an atomA on site] can be writien as the DAFS oscillations can be treated as EXAFS data, if the
crystallographic weights/,; and the phaseg,— ¢,;, to be
. . added to the photoelectron phase shifts, can be calculated
faj(Q.E)=foa(Q)+foa(E) +i-foa(E) from the crystallographic structure.

+ATOAE) - [xaj(B)+i-xa(E)], (D)

2-k- R+ d;(K)

, 4

IIl. EXPERIMENT

. ., " The epitaxial silicides were prepared ori13il) in a UHV
where o, is the Thompson scatteringg, andfo, are the chamber, with a base pressure ©f10” ° mbar. Prior to

“bare” atom anomalous corrections fo,, andAfo, isthe  15ading into the preparation chamber, the(1$l) wafers
contribution of the “bare atom resonant electronic transi-\yere cleaned in an ultrasonic bath of ethanol for 30 min and
tion [the difference betweerf”(E) and its extrapolation gyieqd in flowing N, gas. In order to remove surface oxides
above the edge of its part below the efig@ is the scattering  and other contaminants, the substrates were first heated at a
vector, E is the energy of the incident beam, angl;+i  temperature below 675 K for a few hours and then flashed to
XA is the complex fine-structure contribution, which is the 1225 K with residual pressure kept below~5
correcnon to the scattering factor due to the local atomicx 10 ° mbar during the whole process. In this way, we
environment of the anomalous atom. The total structure facebtained contaminant-free surfaces with sharx{j low-

tor is the sum of these atomic contributions: energy electron-diffractiofLEED) patterns. Si, Fe, and/or
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Co were evaporated in the 1—-2-A/min range using stablergy range with 2-eV energy steps and 10—20-s measuring
homemade effusion cells. Stoichiometric fluxes of differenttimes depending on the reflected intensity. The polarization
elements were carefully controlled by a two-quartz-vector of the incident beam was normal to the scattering
microbalance system. The epitaxial TS was prepared as foplane. To separate the contribution from each phase, we con-
lows: a 10-A-thick Cg_,FeSi, template layer was first Sidered the 001 superstructure diffraction peak for the
grown at room temperatur@RT) and subsequently annealed tetragonal phase and the 1ldiffraction peak for the
at 823 K. Then a thickefabout 100 A Co,_,FgSi, film Cabk-type phase, respectively.
was deposited at RT and subsequently annealed at 925 K for
one hour. These layers were then capped by an amorphous Si
layer to protect them in air. Epitaxy was checkeditu with
LEED after room-temperature deposition and after annealing As pointed out in introduction, one of purposes of this
at 950 K. In both cases, the LEED pattern exhibited sharpgvork was to point out the advantage of DAFS that combines
diffraction spots. XRD and XAFS techniques. The previous work on XAFS of

EXAFS spectra were collected on the XAS2 beamline atCo and Fe silicides has provided a clear identification of the
the DClI-Laboratoire pour I'Utilisation du Rayonnement local environment of metallic atoms in binary silicid,es and it
Electromagnique (LURE) synchrotron-radiation facility, is interesting to first probe the DAFS technique on binary
using a Si111) two-crystal monochromator. The data were silicides in comparison with XAFS.
recorded at the Fe and Goedges in grazing incidence, the At a nominalx=0.7 silicide composition, previous XRD
electric vector of the incident beam being nearly paralleland HRTEM experiments revealed the presence of cubic
(6°) to thesurface of the $111) substrate. The fluorescence CaFR,-type and a tetragonal structures approximately in
intensity was measured by a seven-element Ge detector. Tlegual proportion in the epitaxial TS filfd:*® Two well-
energy resolution was sufficient to eliminate the fluorescenceistinguished types of crystallites are associated with the two
of Fe atoms above the G¢ edge. The accumulation lasted silicide structures. The grains have a lateral size of a few
about 40 s with 0.2-eV steps. The samples were cooled ttenths of a nanometer, depending on the terrace with
about 20 K during the measurements. more details on a HRTEM investigation, see Ref).2ur

The DAFS experiments were carried out on the H10aim was to determine the chemical composition of the two
beamline at DCI-LURE! This beamline is dedicated to ma- types of crystallites and the local order around Fe and Co
terial studies, combining x-ray scattering and x-ray-atoms in each of them.
absorption measurements. The white x-ray beam is mono- Before describing the DAFS data analysis, we first
chromatized by a two-crystal spectrometer, equipped witlpresent a quick comparison between EXAFS data recorded
Si(111) single crystals. Two mirrors are used to reject har-at Co and FeK edges of the TS and binary epitaxial CoSi
monics. The monochromatic beam is focused in the verticadnd FeSj, respectively. It will thus become obvious that
and horizontal planes on the sample, that is located at thBAFS is a powerful tool for overcoming the averaging prob-
center of a four-circle goniometer. The focused spot dimentem occurring in XAFS spectra of multiphased materials.
sion was around 0.5 mm in the scattering plane and 3 mm in
the perpendicular direction because of the DCI large source
size. Entrance slits were used mainly to clean the beam,
which was monitored simultaneously by an ionization cham- 1. EXAFS data reduction
ber and a photodiode measuring the scattering by a Kapton
foil situated between the entrance slits and the sample. Tw8f
pairs of slits(aperture close to 8 mm8 mm), separated by
a 250-mm pipe under vacuum, were positioned in front o
the detector.

The DAFS spectra were recorded in a top-DAFS SCarﬁetween 3.2 and 13.4A&. The R-space data were Fourier

mode,_ .., measuring the maximum Intensity of ihe Bragq‘iltered between 1.1 and 2.8 A and the amplitude was calcu-
r.eflectlon as a func.tlon of energy. .The stability C.)f the beam'Iated in order to detect the presence of a beat node and de-
line and the precise determination of the d|1°fractometerIermine its it
: o position.
angles at each energy in order to maintain the Bragg condi-
tions achieved a satisfactory signal-to-noise ratio. The fluo-
rescence background was recorded by repeating the DAFS
scan after rotating the sample within its plane to an off-peak The EXAFS of CoSi grown epitaxially on Sil11) has
position. The diffraction and background spectra were rebeen studied in detalf The CoK-edge EXAFS signals of
corded with a Nal scintillator or a Si P-Instrinsic-N semicon-the TS and binary Cogiare compared in Figs(@ and 2d).
ductor photodiode. Fluorescence XAFS was measured simuFhe curves present similar shapes with a damping of high-
taneously using a Si:Li cooled photodiodeesolution 220  frequency oscillations for the latter, which indicates changes
eV), placed normally to the incident beam at the sampldn the distribution of far-distant neighbors. The correspond-
position in order to decrease the elastic-scattering contribung Fourier transforméFT) are shown in Figs. @) and 3d).
tion that could saturate the detector. The nearest-neighb@NN) peak in the FT of CoSiis quite
The DAFS experiments ran within the 7000—8500-eV en-symmetrical while that of the TS presents a small shoulder

IV. DATA ANALYSIS AND RESULTS

A. EXAFS

The fluorescence spectra from each of the seven elements
the detector were carefully examined before they were
fsummed. They EXAFS signal was extracted following the
conventional proceduré.After conversion intdk space, the

(k) signals werek? weighted and Fourier transformed to

2. Co K-edge EXAFS ofCoSi, and the ternary silicide
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0.8 001 peak 111 peak
p . 1.5 L1.5
: &‘uﬂ (d) CosSi, 0
o6 %/ % “’\%{WWM =
Ria ¥ 5
* % Q9 1.0 F1.0
: 8
. 0.4 - >
r i % (b) FeSi, E 0.54 Lo.5
L (a) TS, Fe K-edge 0.0 . . . . . . —+0.0
ood = 14 16 18 20 28 30 32 34
; 26 (%)
0.2 FIG. 4. Normalized intensity of the 001 diffraction peak (
o 4'{ é é 1'0 1'2 14 tetragonal phase of the TSand of the 111diffraction peak

k (A1) (CaR-type phase of the T)Secorded at 7.5 keV.

FIG. 2. EXAFS data at 20 K for ternary silicide®) FeK edge
and (c) Co K edge; binary silicides(b) «-FeSj and (d) CoSk; and (b)], respectively. The data are very similar and only
crosses represent the experiment, the full line the calculation.  slight differences can be observed in the FT. In epitaxial
binary a-FeSh, Fe is surrounded by eight Si at 2.36 A and

on the side of the long distances. The more striking feature g, Fe at 2.70 A. Whereas the main oscillation in the Co

the FT of the TS spectrum is the collapse of the peak IocateR-edgeX(k) curve of CoSj decreases smoothly versks

around 3 A, which is assigned to the 12 Co next-nearesl, :
X ' X ; . e FeK-edge spectra at-FeSj and the TS present at about
neighbors(NNN) of Co at 3.84 A in CoSi. The amplitude 9 Al a bgat ﬁode which isk typical of Iliae-Si and Ee-Fe

envelope of its Fourier filtered contribution underwent a CON- . arby distance¥ Consequently. the peak located between
stant reduction by a factor of about 2 over the wHotange, y : q Y: P

that suggests a significant drop in the coordination number o1 and. Z'S.A splits into two components. The second com-
metallic neighbors of Co in the TS with respect to binaryponent is slightly smaller in the TS than 'EFhe reference. On
CoSh. At this stage no model was found for fitting the Co the other hand, the lack of peak bego@ A in the FT was

. attributed to the distortion of the cubic lattice. More details
K-edge XAFS spectrum of the TS. The theoretical EXAFS . T s .
curv<—:-gs(full lines l?n Figs. 2 and Bare outlined in Sec. V. about FeK-edge EXAFS investigation of Fe silicide thin
' Y films are given in Ref. 14.

3. Fe K-edge EXAFS oFeSi, and the ternary silicide In summary, the F&-edge EXAFS data of TS reveal only

. a slight decrease of the contribution of Fe atoms at 2.7 A
The FeK-edge EXAFS spectra of the TS andFeS}, and

! g TS with respect toa-FeSp. In contrast, the CK-edge data
their corresponding FT are shown in Figs. 2 arfd@ves(&)  exhibit strong changes in the distribution of the metallic

10 neighbors at 3.8 A with respect to the standard binary com-
- pound.
8- M
;o N B. DAFS

5 * f % (d)CoSi
:';: 6 ../\ff ' % 1. DAFS data analysis
: (c) TS, Co K-edge Figure 4 shows the results of t#26 scan taken at the
E " I photon energy of 7.5 keV in the regions the 001 diffraction
= P peak of thea tetragonal phase and of the 1Hiffraction
— ] ,f“ Il L (b) FeSi, peak of the Cajtype cubic phase. The raw DAFS spectra

24 £ i S P were collected at the top of these peaks at and above Fe and

(a) TS, Fe K-edge Co K edges by measuring the diffracted intensitlgs g
0 ' versus the photon energy. Typical DAFS spectra are shown

2 A 5 in Fig. 5 (full line). They are corrected for the fluorescence
R (A) background, by removing the spectra recorded in an off-peak
position. Curves(@ and (b) correspond to the 001 super-

FIG. 3. FT of thek®weighted EXAFS data of Fig. 2; ternary Structure ¢ tetragonal phase of the T&nd 111(CaR-type
silicides: () Fe K edge and(c) Co K edge; binary silicides(b) phase of the TSpeaks, respectively. No self-absorption cor-
a-FeSj, and (d) CoSi; crosses represent the experiment, the full rection was applied since the film thickness was less than 5%
line the calculation. of the absorption length.
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FIG. 5. Raw DAFS spectra recorded at the Fe andKGadges
from the ternary silicide for théa) tetragonala-FeSj and (b)
(Ipars. full lines) CaR-type phases;L(P- F2, dashed lingssquare
of the smooth structure factoF3, corrected for the Lorentz-
irradiated area-polarization effects]yf thin lineg calculated
smooth parts of the diffracted intensities.

FIG. 6. Theoretical phaseg() of the complex structure factors
(Fo) for the (dotg tetragonala-FeSj and (full line) Cak-type
phasesA ¢ = ¢o— ¢,; are added to the scattering phase shifts cal-
culated byFerFeé (see text

lographic structure in each phase. Figure 6 shaysat the
Fe and CoK edges as a function of the wave vector of the

The quantitative DAFS analysis started with the calcula-Photoelectron. Let us mention that, at a given edge, the as-
tion of 15, the smoothing curvéwithout the fine structujeof sumption that\ ¢; is constant over the_ Wh_ole spectrum is not
the spectra. Generally, after the absorption correction, thifueé because the anomalous contributionFg smoothly

intensity of a diffraction peak is proportional to the Squaredchanges as a function of energy. These variations result. from
modulus of the structure factor times several terms: thdhe fact that Fe and Co atoms are close to each other in the

Lorentz-irradiated area-polarization correction terPj, ~ Periodic Table, theik edges being only 0.6-keV separated.
the detector efficiencyl), and the scale factorS]: We analyzed the DAFS oscillations using tlFeFFIT
program?°rEFFIT performs the fit to the data iR or k space
I(E)=S-D(E)-LP- FS. (5) using calculated path contributions frorerre (Ref. 27 as

scattering theoretical standards. One of the substantial ad-
To evaluate the complex smooth structure factegdor the vantages of this program is that it includes multiple-

two phases, their chemical compositions are required. Thu%cattering (MS) calculations and consequently it uses an
the Fe(and Co amount in each phase is roughly estimated, 5y sis procedure based on a sum over scattering f@éhs
from the Fe(Co) K-edge hollows ob_served on the spectra Ofopposed to “shells), with no distinction between single-
the o tetragonal and CaRype cubic phases. On the other 5nq myltiple-scattering paths. The standard XAFS param-

hand, tatz)}ljlated values are used for the Thompson scatterigers to be varied to find the best fit of the data are charac-
termsf,.“" The values of the anomalous dispersion and abseyistic of each scattering path. Moreover, by using rbe-

sorption corrections, namelyo(E) and fo(E), are calcu- g1 program, we can build sophisticated models taking into
lated by usingrPRIME program, developed by Cromer and account relations between the fitting parameters.
LibermannZ® The squared modulus of structure factors mul-  \we include inFerFIT calculations contributions from the
tiplied by theLP correction (P-F3) are shown in Fig. 5 first three single-scattering shells as well as several multiple-
(dashed lingfor the Cak-type and tetragonat-FeSj, struc-  scattering paths involving either two nearest-neighbor Si at-
tures, respectively. In order to superpose these terms to thgims or a nearest-neighbor Si and a second-nearest-neighbor
raw spectra, we considered a polynomial function whichmetal atom. Generally, MS paths have lower contributions to
contains the detector resporideand the scale factd® The  the total signal than the single-scatterii® ones due to the
best fit of this function gives the smoothed curyeof the  higher values of their Debye-WalléDW) factors. Neverthe-
spectra(thin line in Fig. 5. less, we considered all MS paths whoserre calculated
The DAFS oscillations are extracted from the raw datascattering mean amplitudéefined as the integral of the
and normalized according to formu(@). Taking advantage scattering amplitude over the full energy rang&ceeds 7%
of the knowledge of the crystallographic structures, the coof the path of largest amplitude.
efficients|Fq|, |an|, andAfj, are calculated for the refer- Figure 7 shows the Fi¢-edge DAFS oscillations and best
ence compounds (CoSand FeSj) and the TS, at Co and Fe fits of [Fig. 7(a)] the a-FeSj, binary silicide,[Fig. 7(b)] the
K edges. The relevant DAFS oscillations obtained in thisa-FeSp-derived phase in the ternary silicide, driig. 7(c)]
way are now treated as EXAFS oscillations by using formulathe Cak-type phase in the ternary silicide. The correspond-
(4). The crystallographic weights,; are expressed as func- ing FT of thek?-weighted DAFS data and of the simulations
tions of occupation factors; of the metallic sites, and the are represented in Fig. 8. The results of the fits are summa-
phase shifts\ ¢; = ¢o— ¢,; are calculated from the crystal- rized in Table I.
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FIG. 7. Comparison ofdoty Fe K-edge DAFS oscillations and 0 2 .
(full line) best fits using the values of Table | @ «-FeSp-derived R (A)

binary silicide;(b) a-FeSp-derived phase in the ternary silicide)

Caky-type phase in the temary silicide. FIG. 8. FT of thek?>-weighted DAFS data presented in Fig. 7:

(a) a-FeSp-derived binary silicideib) a-FeSp-derived phase in
the ternary silicide(c) CaF,- type phase in the ternary silicide; dots
represent experiments, and full lines the simulations. Inset: FT of
The Co and F&-edge DAFS data collected at the top of CoK-edge DAFS recorded frorfdots binary CoSj, and(full line)

the 111peak provide selective information on the local order C@R-type phase in the temary silicide.

around metallic atoms located in the Gélype lattice. The

Fe concentration on the metallic sites of the Gafpe phase symmetrical, which indicates that Fe and Co have roughly

in the TS is found to be as high as 40%. The nominal comthe same NN environment in ggFey,Si, (Cak). The

position of the cubic phase is thus close to,gf®, Siy. > value of the Fe-Si distance is found to be 2.36 A in
Several free parameters are introduced infeFEITsimu-  Coy fF& .Sk, (Cak) instead of 2.32 A(Co-Si distance in

lations in order to describe the local structure of the GoSi CoS}, and the T3 The lack of peak ab@v3 A in FeK-edge

and Cg@ & 4Si, (CaR). They are the metal-Si nearest- data of Cq ¢F&, 4Si, (CaF,) reveals the existence of stronger

neighbor and metal-metal next-nearest-neighbor distances dacal distortions around Fe than Co.

one hand, and the mean-square displacemehtOW fac-

tor) for each SS path on the other hand. Considering that 3 | ong-range order. DAFS data recorded on the 001

each MS path involves several SS paths, the initial values of  syperstructure peak in thex tetragonal phases of the TS

the DW factors for MS paths are expressed as functions of and binary FeSj

the DW factors for the relevant SS paths. By fitting the spec- ) _ _ )
A method is now carried out to derive structural informa-

tra recorded at the Cl§ edge on the 11diffraction peak, we .

; : ; ’ tion about long-range ord€¢bRO) from DAFS data recorded
obtained the Co-Si and Co-metal distances and DW factor: - ;
in the Cak-type phases of the binary CoSind TS. In con- 3n superstructure peaks. Its relevance will be emphasized for

< the classes of ordered materials where LRO is related to the
trast, by fitting the spectrum recorded at thekFedge on the : ;
; i esence of anomalous atoms in t(@® more local environ-
same peak in the TS, we deduce the Fe-Si and Fe-met 9

) : . . ents. Two situations can be encountergfithe distances
distances and DW factors In this Gaphase. Let us mention of the resonant atom to its nearest neighbors are different in
that, due to the close atomic numbers of Fe and Co, a sep

. . . the two sitesj(ii) the environment of the anomalous atoms
ration Qf the secopd—shell metal neighbors in Fe and Co su consists of different neighbor elements, for example, low-
shells is not possible. — and highZ atoms or vacancies in various proportions for the

The FeK-edge DAFS signal recorded on the 1filhda- o (or mor8 sites.
mental peak of CodFe 4Si; (Cak) [Fig. 7(c)] presents a With respect to conventional XRD, which is the usual
regular decrease of amplitude versysand the NN peak in  \yay of measuring the LRO parameter, our method does not
the FT[Fig. 8c)] is roughly symmetrical. In the inset of Fig. seem to be very easy to carry out. But, in a conventional
8, the CoK-edge DAFS data recorded on the 1fpéak of XRD experiment, this parameter is usually deduced from the
CoSj, (crossesand Cq ¢Fe) 4Si, (Cak) (full line) are pre-  intensity ratio of a superstructure peak to a fundamental
sented for comparison. The curves are similar, with lowempeak. Consequently, we need an isolated diffraction peak of
amplitude in the case of GgFe, S, (CaR). There is a both types, whereas the same information can be obtained
striking similarity between the peaks located between 1.8rom a DAFS spectrum recorded on a single superstructure
and 2.4 A in the FT of Fe&K- [Fig. 8c)] and CoK-edge peak. In the present work, we are interested in the determi-
DAFS (inset, Fig. 8, full ling of the TS. They are quite nation of the LRO parameter in the binary and ternary

2. DAFS data recorded on the 11findamental peak
of the CaF,-type structure
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TABLE |. Structural parameters derived from the analysis of Fe ani@odge DAFS spectra recorded

on the 001 superstructure peak fetragonal phase in the ternary silicide and binary He8nd the 111
fundamental peak (CaRype phase in the ternary silicide and binary GJSi

Pair R(A) N a? (A?) 7 5

Binary FeSj Fe-Si 2.371) 8 0.0031) 0.91) 0.271)
(FeK edge Fe-Fe 2.7®@) 4 0.0041)

TS: a tetragonal Fe-Si 2.31) 8 0.0031) 0.82) 0.271)
phase(Fe K edge Fe-FeCo) 2.702) 4 0.00%1)

TS: Cak-type Fe-Si 2.36) 8 0.00%1)

phase(Fe K edge Fe-FéCo)

TS: Cak-type Co-Si 2.371) 8 0.00&1)

phase(Co K edge Co-CaFe 3.802) 12 0.0112)

Binary CoSj Co-Si 2.321) 8 0.0031)

(CoK edge Co-Co 3.792) 12 0.0071)

a-FeSj-type phases by using DAFS. In any case, the LRO
study in the TS by classical XRD is not possible because no

isolated fundamental peak is available for éephase: In- uZ o g"f’“”if site occupation
deed both Caj-type anda tetragonal phases are derived z-positions: @ Fe (Co) factors:
from the same disordered CsCl-type phase, and their funda-
mental peaks cannot be separated. - ». 00O -/
We address now the occupation factors of the two Fe sites
in the thin Fe silicide films. Unlike the CogSbased thin 2z0.73% | /0 P10 © 0 9
) X ; o oYy e @ ®
films which are made of a totally ordered cubic Gafpe 2=0.5%¢ © s s w0
phase, the Fegithin films present a tetragonal structure, L. . . a
with additional sites, characterized by their degree of |=027%l /o BJe o o o

vacancy"1#1*The DAFS signal recorded on a superstruc- _
ture peak is sensitive to that partial order through two effects: ~ |[*=~——— -----0---—.--—-0 ----- @ ——

the occupation factor difference between the two types of A (n=1)

metallic (001) planes and the relative positions of the planes

in the unit cell. z=¢ :F--" ‘oY =12
Moreover, some assumptions can be made in order to im- 20.75% | Jo-B e .o .o -o

prove the fitting procedure. The Co concentration in the me- — o ele e

tallic sites of thea tetragonal phase of the TS is found to be z=0.5%c o] : .. ®® -2 b

only about 5%. The nominal composition of this phase is ) /? - - @

Coy o€ 955k, Very close to that of the binary FeSiom- 72023 % Oooo ooooooo

pound. Whereas the incorporation of a large amount of Fe in  |,_, —Qg @® - @® - =12

the Cab-type lattice induces strong distortions in |7 &I ® ® .’. ..

Coy gFe Si, with respect to binary CoSF? the tetragonal (n=0)

structure ofa-FeS) and a-Coy o6 955i, should be similar.
Following these considerations, the fitting structural param-
eters for then-FeSp-type phases can be defined in a slightly
different way here than in Sec. IVB 2, in order to extract
more information about long-range orderdnFeS) and a-

Cop o oS the lattice parameters are used as variable
parameters instead of path lengths, which allows taking into
account the MS paths without increasing the number of ad-
justable parameters.

Before describing the fitting procedure, we explain the
meaning of DAFS data collected on superstructure peaks FIG. 9. Schema of the layout of the Fe planes in the binary Fe
about LRO. The structure of the-FeSj phase observed in disilicides: (a) bulk ordereda-FeSj phase;(b) disordered CsCl-
the bulk phase diagram at high temperatufe>1210 K)  type FeSj; (c) partially orderedr-FeSp-derived phase.
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can be described as a stacking of Fe filled and enf@®l)  wherefy; andfy, are the atomic scattering factors of the
planes atz=0 and z=c/2, respectively, separated by Si metal atoms located at=0 andz=c/2, andfg; is the atomic
planes. A representation of this ordered phase is given in Figcattering factor of the Si atoms. When the DAFS spectrum
9(a). The thin strained epitaxial FeSfilms crystallize in s recorded at the met&Co or Fé K edge, the atomic factors
tetragonal structures, which are disordered or partially orf, andf,,, of the anomalous atoms split into a smooth part
dered, depending on the preparation conditions. Actuallyang an oscillatory part, according to H@). Let us notey;
Wthren r?1 ?lr;gry rﬁgrlthwimr?h(ilt?o Ié&)ISS; g][olwzn eél’gi;“ﬁ"y andy,, the two complex fine-structure factors, which are the
ztru(::?ureecaﬁebi léoensidereg aas (c)ierie\)ed frorﬁ t%e cu’bicS Cs prrections tofy; andfy, due to the local gt.omlc environ-
type observed in FeSi silicides grown on (&1L1), with va- ents of anomalous atoms at each posmqn:() andz
YPe. . S 9 14 =c/2). In the present casg; andy, are associated with the
icnanféetsh;agggtrgtlwyo?sétinszg;t)edA;?etrhgnizg:ﬁﬁ%ﬁs stfl?g%e two different local Fe environments in this phase, i.e., the
g 9. ). g environments of the atoms located in a Fe-rich pléaiez

at 925 K, an ordering of the vacancies is observed:(004) = a .
Fe plane over two is partially emptied and the other plane_o) a”‘?' a Fe-poor planeat Z_C/Z)] respectively. We can
enriched. An alternate distribution takes place alanaxis @S0 define the average and the difference of complex fine-

that can be described as a stacking of partially full and emptyptructure factorsy=(x;+ x»)/2 andA y= x;— x,. The am-

(001) Fe planes, alternating with full Si plangSig. 9c)]. To  plitude of A y is directly related to the value of (it becomes

describe this order along ttzeaxis, we can define; andc,, 0 when»=0, and is maximum whem=1).

the occupation factors of the tw@01) Fe sublattices. The According to the formuld3), the modulation of the struc-
occupation factors reported by Jedreeyall® for FeSi ture factor(namely, “the DAFS oscillationsf can be written

grown epitaxially by solid phas epitaxil5-A-thick silicide  as a linear combination of; and y:

annealed at 773 K) are aboct=2 andc,= . The degree

of chemical order can also be described by the long-range- Xsup=C1-X17C2- X2

order parametep defined asy=c,— c,. With this definition 1+ 1-7

of 7 the maximum of chemical ordemf=1) corresponds to = X1— X2

the a-FeSj bulk phase ¢;=1, c,=0) and its minimum 2 2

(n=0) to the CsCl-type phase{=c,=0.5 with a random 1

distribution of the Fe vacancies on both Fe sublatjices =77~X+§'AX- 7
Since ¢c;+c,=1 at any composition, we obtain;=(1

+7)/2 andc,=(1-7)/2. This equation highlights the connection between the modu-

On the other hand, the relatizepositions of the two Si |ation (ys,,) Of the structure factor characteristic of the 001
planes are different in the ordered phase (6c2@nd 0.73  superstructure peak and LRO along thaxis: for the disor-
-¢ for the a-FeSj, bulk phasé&') and in the disordered phase dered CsCl-type phase;=c,=0.5, xy;=x, and conse-
(0.25 ¢ and 0.75c¢ for the CsCl-type phagewherecis the  quently x,,,=0; in contrast, for the bulk ordered
lattice parameter of the tetragonalphase along the axis.  y-FeSp-type phasec;=1, ¢,=0, and consequentlys,
This structural change can be described by a paramgter =y, .
varying between 0.25 and 0.27, defined by the positions of By analyzing a DAFS spectrum recorded on a superstruc-
the Si planes a=o-c and az=(1-9)-c. Consequently, a ture diffraction peak and normalized according to the for-
precise knowledge of (that can be deduced from the Fe-Si mula(3), one can obtain information on the order parameter
and Fe-Fe bond lengtiprovides information on the LRO in in the partially orderedr-FeSp-type phase. This information
the partially ordered-FeSp-type phase. The correlation be- is much less accurate from the EXAFS or DAFS spectra
tween the values ofy and & will allow to test whether the recorded on a fundamental peak: in these cases, the DAFS or

results are meaningful. EXAFS oscillations can be written as

In a diffraction experiment, the spectra must be recorded
on the superstructure peaks in order to access LRO. Let us 1+ 7 1-7 — 7
develop the formula of the DAFS oscillations in the case ofXfond=C1"X1+C2 Xa=—%— X1t —5— " X2=x+ 5 -Ax.
the 001 superstructure peak. In the elementary cell of the (8)

derived a-FeSj-type phase, there are four metallic sites at ) )
z=0 with an occupation factoc;>0.5, four metallic sites If the environments characterized gy and x, are not very
located in antisite positions a=c/2 with an occupation different(i.e., if » andAy are near zero and is close to

factor c,<0.5, and eight Si sites in intermediate positions0-29, We obtainysong=~ x1 at the second order ip. In con-
(occupation factocs;=1) atz=45-c andz=(1-48)-c. The  trast, for the spectrum recorded on the 001 peak, the DAFS
structure factor can be written as oscillations always depend on the order parameter, even if
R . . and y, are not very different:
F(QE)=4-cy-fy1+4-Cp-fyp-€7+4-fg-€'270
. 1+7y 1-79

+4.fg 27170 Xsup~™ 5 "X1T T X2T 70X 9
=4-[C1-Tu1—Co- fuat2-Tsi-cod2m- 9)], Consequently, DAFS recorded on the superstructure peak is
(6) quite sensitive to the LRO parameter singg,, depends on
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n at the first order. In contrast, the major contribution toadvanced potentiality of DAFS, which appears to be a good

DAFS recorded on the fundamental pegkq is; There- technique for providing information on LRO in the classes of
fore, xsup IS Much more sensitive tg than xsong- materials listed in Sec. IVB 3.
In order to estimate more accuratefyvalues for the Si
planes in these partially ordered phases, and to correlate
them to %, in the simulations we expressed the Fe-Si and A. Short-range order

parameters. Note that this approach is quite acceptable, bgngerstood by the analysis of DAFS oscillations. Let us be-

cause the Co content in the tetragonal phase of the TS i§i with the analysis of the local order in the metallic sites of
small and the local distortions around Fe atoms are neglig, tetragonal  phases namely, a-FeSp  and

ible. Moreover, since the vacancies are randomly distrib- - b Lo
Sted on the two metallic planes of this structure HgEFe @-COy o6 955lp: Their structure should be very similar, be-

cause they are grown epitaxially in the same conditions and

calculated backscattering amplitudes are multiplied by th . .
occupation factors of the metallic sites involved in each scat(ihe Co amount in the tetragonal phase of the TS is only about

tering path. Furthermore, the relevant DAFS oscillations forS%' This hypothesis is confirmed b,y the similar forms of the
these partially ordered tetragonal phases are expressed a&aFS data and the FT corresponding to both phasegs. 7
function of two contributions corresponding to the two dif- @1d 9, as well as the similar values of the NN and next-
ferent atomic environments, according to the form@a In nearest-neighbor distances derived from the fits of data
this way, the free parameters used in the fits are the latticetable ). However, the DW parameters of the ternary tetrag-
parameters, », and & and the DW factors for the single- ©nal phase are higher than those of the binary -dB8deed,
scattering paths. Note that the lattice parameteas fixed at  the iron silicide tetragonal lattice, which is not suited to co-
the values previously measured by XRD. balt silicide, seems to be distorted by the insertion of Co.
The FeK-edge DAFS data collected with reflection 001  The results of the analysis of CaFype phases of the
[Figs. 1@ and 7b) for a-FeSj and the TS, respectively binary CoSj and ternary CggFey.4Si, have been described
look very similar, with a minimum of the amplitude around elsewheré? Let us summarize the main features of these
9 A~1, which is typical of close Fe-Si and Fe-Fe distancesphases deduced from the analysis of the DAFS spectra. In
(see Sec. IVA The corresponding FT are shown in Fig. 8: Cq, e, ,Si,, either Co or Fe atoms occupy the metallic sites
the splitting of the NN peak is clearly observed on bothof this Cak-type phase. The Co-Si and Fe-Si bond lengths
curves, less marked on the FT of the TS spectifig. 8b)].  are found to be 2.32 A and 2.36 A, respectively. The latter
In the binary FeSiand the tetragonal phase of the TS, theya|ye is close to the Fe-Si bond length in the tetragonal phase
Fe-Si and Fe-Fe distances are found to be 2.37 and 2.70 4y 37 A). Nevertheless, Fe and Co atoms are located in

respectively. The values of the long-range order parametergy iyalent sites, with eightfold coordination in the Gagpe

are given in Table I. lattice, and the significantly larger Fe-Si distances induce
lattice distortions. They are revealed in the damping of the
V. DISCUSSION Fourier-transformed contribution at about 3.80 A at both Fe

XRD and HRTEM reveal the presence of two distinct and CoK edges with respect to CgSibut not in the lattice

phases in the ternary silicide. Since Fe and Co atoms are ngYMMmetry. .

differentiated by these techniques, a quick analysis could Morefover, %Ne can now accounr;c ?rhEXAFS spectra re-
conclude a phase separation into two binary compound§,OrOIed rom t e T$Sec. IVA). Each of thenfFe and CK
namely, FeSi and CoSj. However, the Cd-edge EXAFS edges$ splits into two DAFS spectra, related to fundamental
data of the TS and Cos{Cak,) silicide present significant and superstructure peaks, respectively. The cal_culated Fe
differences. Therefore, this phase separation can be ruled OLI&_—edge E dXAF?:.curvg of thde TS a?d”n? correspondln.g FIT are
It becomes evident that the situation is more complex. Th Lesente 'E 'Igsd (f) an i’.{a) (fu Intt)a_s), _respe}ct;:/e Z
anomalous diffraction reveals the presence of Fe in botf] N€Y @ré obtained from a linear combination of thrg

phaseg40% in the metallic sites of the Cgffype phase and gnctions: .each of them corresponds fo each O.f the three
95% in the metallic sites of ther tetragonal phagethat different sites of Fe atom&wo sites are located in the

makes impossible the analysis of the local order around F tragonal p.has.e and one in the Gaype phas)a These dif-
atoms from EXAFS measuremerfsNevertheless, by re- erent contributions are calculated by using #®FF6 pro-
cording the DAFS spectra on two different pe&kha;racter- gram with the structural parameters de_rived from the analysis
istic of the Cak-type anda tetragonal phasgswe are able Of FeK-edge DAFS recorded at both 1hd 001 peaks. In
to differentiate the local environment of Fe atoms in eachview of the low concentration of Co in the tetragonal
phase. phase, the Cd-edge theoretical EXAFS curve of the TS
The discussion is now focused on two main points thatFigs. Zc) and 3c), full lines) is calculated using the struc-
have not been extensively treated until now, concerning théural parameters derived from the analysis of Keedge
contribution of DAFS to the structural study of multiphased DAFS recorded at the 11peak only. We find that DAFS
and partially ordered materials: First, we recall the advantagéechnique, which adds spatial and site selectivity to XAFS, is
of the DAFS technique over XAFS technique in the study ofa powerful approach to investigate the short-range order in
local order in a mixed phase. Secondly, we highlight a morenanostructured advanced materials.
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B. Long-range order order by using the DAFS technique. Previously, EXAFS was

In Sec. IVB 3, it was shown that DAFS spectra recordegEMphasized due to its ability to differentiate between local
on the 001 superstructure peak of the tetragonal phases favironments of different atoms, even close in the Periodic
related not only to short-range order around Fe but also tdable. The short-range order around Fe and Co in the binary
LRO. Such phases are indeed characterized by théiRO  standard compounds is typical of theFeS, and CoSj
parameter, which is related to the occupation factors of théCaF,) phases, respectively. The comparative study of
metallic sites atc with respect toc/2. In the binary Fe$i  anomalous diffraction at Fe and G0 edges on two XRD
silicide, we getyp=0.9 (Table ). This value is very close to peaks clearly indicates that both elements are present in the
1 and corresponds = 0.95 andc,=0.05. This new result two phases of the ternary silicide film. In such a situation,
shows that the ordering in the tetragonal epitaxial disilicideEXAFS is unable to derive information about interatomic
is almost as perfect as that in the bulk equilibrium phase. Itlistances and coordination numbers of each element in each
also appears to be much more ordered than the layer olphase. The DAFS technique is well suited to separately solve
tained by Jedrecyet al:** these authors showed thai  the local structure. Thus, since the iron atoms are present in
~0.83 andc,~0.17, corresponding tgy=0.67. In the ter- substantial amounts in both phases of the ternary silicide, the
nary a-Coy od€ 955k, the metallic planes contain a small analysis of the two sets of A¢-edge DAFS data allows the
amount of Co atoms, about 5%, as shown from the quantitacharacterization of the local environment of Fe in each of
tive anomalous dlffractlt_)n m_easurements. The smaller valughem, while Fek-edge EXAFS data recorded from the same
of the LRO parameter in this phasey€ 0.8) suggests that gample appear to be a mixing of the two. The use of DAFS

the Co gtor;?s OCC}JF;IV rather antisite posliticr(]as'z=c/ 2). permits to take advantage of the selectivity of XRD and to
Iﬂdeed, n the Sparﬂa 3{ _ordercled tetr;gona P ?5@' gs(g)]’ obtain accurate values of the structural parameters.
: ere tarlﬁ tWtO |-r2;:a£a0|nterp anhar dlstarljces,trIC)rm : a ; Beyond this application of the new DAFS synchrotron
o_m/eza 'Ctiomtsh _h odn (_)I_r;]e fan » an tmela Ic aerPs a technique, interesting fundamental conclusions can be de-
Z_ucal t(c)’?s ce iC; s?ir hflm Icl)n eer tﬁgzetrhlen Izr[?e?ngruallls :)ncerived from this study concerning the connection between the
_q ’ gntly fong . : €9 .. chemical order in a complex material and the XRD super-
=c/2— §-¢ (6>0.25). In consequence, since the Co-Si dis-

. : structure peaks. We have demonstrated that DAFS recorded
tance is usually shorter than that of Fe-Si, the planes at : ; . :

gn a superstructure peak yields information about LRO in

planes az=0. classes of materials where LRO is related to several distinct

The 6 values deduced from the simulations are reported iffnvironments of the same .eleme.:nt. In the most cases, the
the last column of Table I. They are roughly equal to 0.27Mmeasurement of the intensity ratio of the superstructure to

(the maximum value 0B, corresponding to the totally or- th_e fundamental peak is eno_ugh to _reagh this goal. However
dered bulk phaseand consequently in fair agreement with this approach has to be considered in mixed phases, When_the
the high value of the; parameters. fundamental peaks of two or several phases are superim-
The sensitivity of DAFS to LRO could be improved by Posed.
choosing the x-ray beam polarization perpendicular to the
(001) planes, along which full and empty metallic planes
alternate with Si planes. Experiments are in progress in order ACKNOWLEDGMENTS
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