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Diffraction Anomalous Fine Structure (DAFS) and EXAFS mea- H
surements have been performed df@.7Mngs/1r (100)]40 Super- < o

lattice at the K-edges of Fe and Mn. Theoretical EXAFS spectra ‘
have been refined: a slight difference in the first neighbor distance : L
suggests a non homogeneous distribution of the Mn in the alloy. The 04k ! ‘ 1

smooth features of the DAFS spectra have been modeled to study ‘ ‘ ‘ ‘ ‘
the composition and the strain profile along the growth axis. 015 L Gk(A'l) i )
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Figure 1
1. Introduction EXAFS with the polarisation parallel (upper panel) and perpendic-

3d metals are intensively studied for the strong relationship bedlar (lower panel) to the growth axis.

tween their magnetic and structural properties that can provide

“artificial” materials for designing novel magnetic devices. MN  ExAFS and DAFS spectra were recorded at the K-edges of Fe
and Fe have been studied on their moment-volume instabilities;nq pMn at room temperature. EXAFS spectra were recorded using
for example the antiferromagnetic Fe and Mn fcc phases are pre; gjjicon photodiode in the fluorescence mode. DAFS spectra were
dicted to be ferromagnetic beyond a critical value of the cell vol-5piained by tracking the maximum of the Bragg peak as a function

ume (Moruzzi, 1999)FeMn;— alloys have been grown epitax- o the energy through the absorption edge, using a photodiode or a
ially on Ir substrates to obtain a larger in-plane lattice parameteppotomultiplier for the weakest peak.

and, assuming a homogeneous alloy, to push them into the fer-

romagnetic phase. However a recent study (Ardhuin, 1998) on a

[Feo.7Mnos/Ir (100)]40 superlattice (SL) by High Resolution Elec- 3 ExaAfEs analysis

tron Microscopy and Electron Energy Loss Spectroscopy reports a

slight Mn segregation from - x = 0.25 to Q4, with an increase EXAFS spectra were recorded for the two elements in geometries

of the Fe magnetic moment along the growth direction. Despitevith the X-ray polarisation parallel and perpendicular to the growth

this surfactant effect, the conservation of a single FeMn lattice isxis, in order to enhance the signals from in-plane and out-of-plane

observed. distances respectively. The oscillations were extracted using AU-
We have studied this same SL by EXAFS in order to getTOBK (Newville, 1993) (Figure 1) considering the Fermi energy

the mean first neighbor distances around Fe and Mn. The DAF8&s the first maximum of the derivative as usual for 3d elements.

method gives access to details on the structure around the absortfer Mn (Z=25) the spectrum was limited to %! due to the

analysing the EXAFS-like oscillations (Proietti, 1999). It also pro- presence of the iron edge (Z=26), for Fe the signal doesn’t extend

vides information on the electronic configuration of the absorberafter 12A~1 as it is often observed in such material. The spec-

Furthermore, we can identify the signal of the anomalous elementsa show similar features for the two elements in both polarisation

located in different crystallographic sites because each one givesdirections.

different contribution to the amplitude and the phase of the struc- \We performed a multishell analysis of the EXAFS oscilla-

ture factor. We report in section 4 on the preliminary DAFS studytions usingab initio phases and amplitudes calculated by FEFF

of strain and composition profile of[&en.7Mno.s/Ir (100)]40 SL. code (Rehr, 1991). Theoretical calculations are based on a self-
consistent potential calculated in the muffin-tin approximation. The
2. Experimental same starting structure model was used for both elements, i.e. a

The SL of 40 bi|ayers was grown onto an Ir substrate by M0|ecuth structure with a:2.7fff:\nd C:3.3?\. The c value was obtained

lar Beam Epitaxy, at 400K after growing a MgO bulffer. Specu|arfr0m simulation of the SL diffraction pattern. Data refinement was
diffraction analysis shows that each bilayer contains about 12 ~ achieved by FEFFIT program (Newville, 1995). Some parameters
planes of the FeMn alloy and 1 1 planes of Ir; its dimension is were fixed: the numbers of neighbors, the in-plane lattice parame-
found to be about 5&. ter (fixed to the Ir-Ir bulk distance according to Ardhuin (Ardhuin,

Measurements were carried out at the French Cooperative Rd989) ) and the Fermi energy fixed to 0.

search Group “D2AM” bending magnet beamline (Ferrer, 1998) At the Fe edge, the refinement includes three neighbor distances
at the European Synchrotron Radiation Facility, using a Si(111}single scattering) and three distances corresponding to multi-
monochromator with an energy resolution about 1 eV. scattering and focusing effects. Best fits for Fe are presented in

886 © 2001 International Union of Crystallography « Printed in Great Britain — all rights reserved J. Synchrotron Rad. (2001). 8, 886-888



magnetic materials

Figure 3; the results for the first shell distance (from absorber t%?(ti?:é ttishell fit its for th llel and dicul lari
the central atom in the bct cell) are presented in Table 1. Itis foun multishell fits results for the parallel and perpendicular polari-

Sations

04 First neighbor distances a2 A?

Fe // 2526+ 0.02 0.010

_ Fe // 2526+ 0.02 0.010

% Fe L 253+ 0.02 0.008

T Mn // 2.58 + 0.02 0.014

Mn 1 2.54+ 0.02 0.009
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Fourier transform of the EXAFS of Fe and Mn, polarisation parallel *° £ WV\M
and perpendicular to the growth axis. u ]

10,

oA
wi

0.4 0.5 0.6 0.7

g=2sin(B)/A

Figure 4
Diffraction pattern of the multilayer at 3 energies aound the Fe K-
edge (7000 KeV, 7117 KeV and 7800 KeV).

4. DAFS analysis

For a multilayer the diffraction pattern witiif along the growth
axis contains numerous Bragg peaks due to the large vertical di-
mension of the periodic cell (52.@4. We have measured diffrac-
tion spectra at three energies around each absorption edge to see
the trend of the anomalous effect on each peak. Figure 4 shows
that around the Fe K-edge, only three peaks are of particular in-
terest (noted +5, +6 and +7, in reference to the substrate peak).
This is due to the high contribution of the Ir atoms to the diffrac-
‘ ‘ ‘ ‘ tion pattern. The DAFS spectra of the three peaks are displayed in
4 6 8 10 12 Flgure 5

Without taking into account the fine structure, the smooth be-
haviour of the diffraction peak can be refined using the formula

Figure 3 (eq.1):

Best refinement for Fe K edge, for parallel (upper panel) and per-

pendicular (lower panel) polarisation. |F0|2 _ IFr|2 ((COS(A(p) +ﬂf')2 i (Sin(Aap) +ﬂf//)2)

to be very close to the initial model, with a tetragonality ratio of c/a

=1.21. whereFr = |Fr|exp(ier) is the structure factor including all

The slight differences between Fe and Mn could been explainethe non anomalous termAy = o1 — @a , @a being the phase
by a different mean position in the layer. However in the case obf the geometrical term including the anomalous atoms only and
the Mn only the first shell has been refined because of refinement >« exp(iZW_d-T?)
unstabilities for the next nearest neighbor environment. Fixing the' Fr
first Mn-Mn distance at 2.58, the structure of Mn atoms should be lous atom on the plane i. The refinement of the DAFS spectra
bct with ¢ ~ 3.44Aand with a tetragonality ratio of 1.27 as already showed that no distortions are observed in the whole energy range.
found for the FeMn alloy by Ardhuin.

, with ¢; the concentration of the anoma-
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Figure 6
Figure 5 Calculation of diffracted intensity for three composition profile, on
(upper panel) DAFS on +5, +6 and +7, the Mn and Fe spectra hapeak +7.
been linked perfectly for +5 and +6 but not for +7. The peaks have
been rescaled for presentation. (lower panel) Refinement with eq. 1,
showing no distorsion of the peak. 5. Conclusion

The first neighbor distance is found to be not the same for Fe and
Mn in the [Fep.7Mng.3/Ir (100)]40 SL. DAFS analysis on this sam-
ple is made more complicated by the huge scattering power of Ir.
It dominates a large part of the diffraction spectra and only a little
The ratio of 3 of each element at each peak gives a hint for theinterval in q is available, reducing the analysis to Bragg peaks that
layer composition in case of a perfect alloy. It gives 0.47(4) andare very close to each other. Modeling of the diffracted intensity
0.42(5) for the peak +5 and +6: close to the nominal stoichiometrishows that DAFS can still be helpful even in such an unfavorable
ratio 3/7(=0.43). This ratio is 0.35 for the +7 satellite, although thiscase. Study of the DAFS oscillations is now in progress.
result has to be confirmed improving data quality (the spectra atthe e acknowledge the staff of the CRG-D2AM beamline, S. Ar-
two edges did not match well to each other despite of backgroundy,d. B. Caillot and J.F. Brar for technical assistance.
correction for fluorescence and diffuse scattering). '
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