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Thin films of L1y-ordered (Fes;Ptsg)100—Cu, with (001) texture were obtained by rapid thermal annealing
of FePt(5 nm—1#)/Cu(z) bilayers deposited by magnetron sputtering at room temperature on thermally oxidized
Si(001) substrates. The L1, long-range ordering fully described by two independent chemical order parameters
was investigated by anomalous x-ray diffraction measurements performed at the Fe K and Pt Ly; edges. These
measurements reveal that Cu atoms are preferentially located on the Fe-rich (001) planes. Up to a Cu content of
9 at.%, the Cu addition favors L1, ordering particularly after annealing to 600°C, giving rise to an increase in
effective magnetic anisotropy. Beyond this composition, Cu atoms displace a large fraction of Fe atoms to the

Pt-rich (001) planes, leading to a rapid decrease in magnetic anisotropy and saturation magnetization.
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I. INTRODUCTION

Intensive research activities have been devoted to
(001)-oriented L1p-ordered FePt alloy films due to their
high perpendicular magnetocrystalline anisotropy (up to
~10 MJ/m?),! making them promising candidates as
ultrahigh-density recording material or for sensor applications.
During the past ten years, improvements have been achieved
for decreasing the fabrication costs of (001)-oriented FePt
films. One route was to grow FePt on thermally oxidized
Si(100) wafers at room temperature and then to rapidly
anneal the as-grown disordered fcc FePt films at high
temperatures.>* The annealing process promotes the formation
of the L1, tetragonal phase with a strong (001) texture. In
this case, the phase transformation might be driven by the
anisotropic strain of the ordering transformation, which can
easily occur on amorphous substrates.* Another important
aspect is the lowering of the required annealing temperature to
form L1y-ordered films by alloying FePt with a third element,
which, owing to its high mobility, enhances the ordering
kinetics. Among candidate elements, Cu was demonstrated
to lower substantially the order-disorder transformation tem-
perature during postannealing of initially disordered films.>~
Furthermore, the addition of Cu decreases effectively the
Curie temperature of the L1y phase,'” making the ternary
FePtCu alloy films attractive for future heat-assisted magnetic
recording applications and allowing tailoring of the magnetic
anisotropy values, which can be employed to create exchange-
coupled composite thin-film systems.'!~

In binary (001)-oriented FePt films, it is well established
that the uniaxial magnetic anisotropy increases with L1
long-range ordering.'> The degree of long-range ordering is
characterized by a single chemical order parameter S, which
is defined by the difference of the rates of occupancy of Fe
atoms Pg, — Pli on the two sublattices o and S of the L1y
structure. The « sublattice is described by the (0 0 0) and
(1/2 1/2 0) sites, while the g sublattice is given by the (1/2
0 1/2) and (0 1/2 1/2) sites. Since the sum of the rates of
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occupancy on each sublattice is equal to 1, it follows that
S = Sre = —Spt. In FePtCu ternary alloys a complete charac-
terization of the chemical ordering requires the determination
of two independent order parameters, for example, Sg. and
Spi, and since ) S; = 0, it follows that Scy = —(Sge + Sp)-
Therefore, the sign of S, gives information about the
preferential sites of Cu with respect to the alternating (001)
planes of Fe and Pt in the L1, phase. In fact, since the ordered
CuPt alloy does not adopt the L1y but the rhombohedral
L1, structure characterized by Cu and Pt atoms positioned
on alternating (111) planes,'® the prediction of the Cu sites
on the L1 tetragonal lattice is thus not straightforward. A
previous work based on a comparison between first-principles
band calculations and ultraviolet photoelectron spectroscopy
experiments has indicated that Cu atoms tend to replace Fe
atoms in the L1, FePt lattice.!”

In this study, detailed x-ray diffraction experiments using
tunable synchrotron radiation were performed on L 1y-ordered
FePtCu thin films with various Cu content to quantify the
chemical long-range-order (LRO) parameters and to highlight
the impact of Cu addition on their structural and magnetic
properties. Two samples series were investigated, which
were obtained by rapid thermal annealing (RTA) at 600°C
and 800°C, and the results were compared to binary FePt
films. The anomalous x-ray diffraction measurements were
performed at different energies close to the Fe K and Pt Ly
absorption edges. By tuning the photon energy, the electronic
contrast between the three atomic species varies, allowing the
determination of two independent LRO parameters based on a
graphical method.'®

II. EXPERIMENT

Bilayers of Fes;Ptyo(5 nm—t)/Cu(¢) with a total thickness
of 5 nm were dc magnetron sputter deposited at room
temperature (with an Ar sputter pressure of 3.5 x 1073 mbar)
onto thermally oxidized Si(100) substrates. After deposition,
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the samples were transferred to a separate rapid thermal
annealing chamber, where they were annealed for 30 s at
temperatures of 600°C and 800°C under N, atmosphere
(with an annealing rate of 400°C/s). The Cu thickness ¢
was varied between 0 and 1.2 nm and the Cu composition of
the resulting ternary (Fes; Pt4g)100—xCu, alloy was determined
by Rutherford backscattering spectrometry (RBS) to 0 and
21 at.% of Cu, respectively.

X-ray diffraction measurements were performed on the
CRG-BMO2 beamline at the European Synchrotron Radiation
Facilities in Grenoble. For two series of FePtCu films after
RTA at 600°C and 800°C, respectively, the (001) reflections
up to the sixth order, as well as the (022) and (111)
reflections, were recorded using a photon energy of 18 keV
(A = 0.689 A). Furthermore, for three samples processed by
RTA at 800°C, anomalous x-ray diffraction measurements of
the (00I) reflections (I = 1,2) were carried out close to the Fe
K (7.1 keV) and Pt Ly (11.5 keV) edges. For the magnetic
characterization superconducting quantum interference device
magnetometry was employed.

III. X-RAY DIFFRACTION RESULTS AND ANALYSIS
OF ANOMALOUS MEASUREMENTS

Figure 1 shows typical (£-26) scans and rocking curves
recorded at 18 keV around the (00I) reflections of the
Fe47Pty4Cuy film processed by RTA at 800°C. The presence
of the strong (001) superstructure reflection reflects the high
degree of L1 ordering and (001) texture of this sample.
From the full width at half maximum (FWHM) of the (001)
reflections, the perpendicular coherence length L, which is
limited by the total film thickness, can be deduced. The L
values for the various FePtCu film samples are summarized
in Table I. Note that the FePtCu samples processed by RTA
at 800°C reveal much larger values than compared to the
total nominal film thickness of the as-grown bilayers, while
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FIG. 1. (Color online) X-ray (0-26) diffraction patterns (solid
curves) and rocking curves (dashed curves) around the (001) reflec-
tions recorded at 18 keV for the Fe,;Pt;4Cug sample processed by
RTA at 800°C.

for those processed by RTA at 600°C the values are close
to the initial film thickness. Therefore, it is expected that
strong dewetting and island formation occurs during the
RTA treatment at 800°C, while films processed by RTA at
600°C stay continuous. This change in film morphology was
confirmed by atomic force microscopy.'® The vertical mosaic
spread 7, and an estimate of the lateral coherent length
Ly can be evaluated from the plot of Ag;(00/) [deduced
from the FWHM of the rocking curve around (001)] versus
qooi: Agq(000) = nygoor + ZL—’; These values are also given in
Table I, showing a significant difference between the two
sample series. It is clear from these data that RTA treatment
at 800°C improves the crystallinity of the L1, structure.
Furthermore, for each sample the c lattice parameter of the L1
phase was extracted from the positions of the (001) reflections.
The differences between the values deduced for odd or even

TABLEI. Structural parameters of FePtCu films processed by RTA at 800°C and 600°C: a and c are lattice parameters of the L1, phase, L
and L are, respectively, perpendicular and lateral coherence lengths, 7 is the mosaicity, By (s) is the Debye-Waller factor for the fundamental
(superstructure) reflections, and S; is the chemical order parameter for each element i. The errors on the last digits are in parentheses.

Samples c/a A) L, /Ly (nm)/n (deg) Br/Bs (A?) Ske Spe Scu
Series 800°C
Fes Pty 3.73/3.90 11.2/120%/1.9(1) 1.4/2 0.79(1) —0.79(1)
FeyoPty; Cuy 3.68/3.91 9.1/85%/1.5(1) 1.7/2.3 0.78(4) ~0.83(2) 0.05(4)
Fe47Pty4Cug 3.63/3.92 8.8/220*/1.6(1) 1.4/2.1 0.75(4) —0.87(2) 0.12(4)
Fey4 Pty Cuys 3.6/3.92 13.7/220°/1.4(1) 1.3/1.9 0.68(5) —0.85(2) 0.17(5)
Feys 5Pty sCuys”
Fe4; Pt3gCuy, 3.58/3.92 16.5/160*/2.3(1) 1.6/1.0 0.64(5) —0.84(2) 0.20(5)
Fey3Pty;Cu;s®
Series 600°C
Fes Pty 3.72/3.90 5/50%/2.3(1) 1.9/7.5 0.70(2) —0.70(2)
Fe4oPty7Cuy 3.67/3.92 4.6/110*/2.5(2) 1.6/4.2 0.72(4) —0.78(2) 0.06°
Fey; Pty Cuo 3.62/3.94 4.6/90°/2.7(2) 1.5/3.6 0.72(4) ~0.85(2) 0.13
Fey4Pty;Cuys 3.58/3.94 4.5/90%/3.0(2) 1.34/3.6
Fe4 1 PtsgCuy; 3.54/3.94 4.5/20*/2.9(2) 1.3/1.9

#Error of about 50%.
®Alloy composition deduced from the diffraction data analysis.

“The Scy value was chosen very close to that found for the corresponding alloy RTA processed at 800°C.
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[ values do not exceed 0.015 A, indicating that the growth of
in-plane variants of the L1, phase is negligible. Therefore, the
RTA treatment of the FePt/Cu bilayer leads exclusively to the
formation of the out-of-plane L1, variant. Measurements of
the (022) and (111) reflections yield the determination of the
a lattice parameter. As summarized in Table I, it appears that
the tetragonal distortion increases with Cu content and is more
pronounced in the films processed by RTA at 600 °C. It is likely
that the island formation, occurring for the films processed by
RTA at 800°C, releases partially the anisotropic elastic stress.
The rocking curves around these reflections are flat, indicating
that the films after RTA consist of (001)-oriented L1, grains
randomly distributed in the substrate plane. This observation
was further confirmed by transmission electron microscopy
and electron backscatter diffraction.'®

To determine the LRO parameter from the ratio of the
integrated intensities between odd and even (001) reflections,
corrections for background (including fluorescence), sample
absorption, Lorentz factor, and Debye-Waller attenuation
factors have to be applied. The background level was removed
by fitting all peaks with Gaussian functions. The absorption
factor is given by A(20) = 2—}1[1 — exp(— 2.4y where 1 is

sinf
the linear attenuation factor and d is the total film thickness.
For the Lorentz factor applied for a 0-20 scan, we used an
expression derived for samples with large mosaicity,”’ which is
given by L(260) = % The f, o) terms depend on the vertical
(horizontal) sample mosaicity and beam collimation. For our
experimental setup, in which the detector moves in the vertical
plane, only f, depends on 6 and needs to be taken into account
for the calculation of the LRO parameter; f, is expressed
by [1 + 4n2sin0/(B3, + B3)1~"/?, where By and B, are the
vertical collimations before and after the sample equal to
0.014° and 0.088°, respectively. The integrated intensities of
the (001) peaks are thus related to the structure factor Fy as

2 BS([:)SiIl29
Tioory o< | Foor|” A(20)L(20)exp —— 2 ) (1)

The two Debye-Waller factors By (ry (S denotes superstruc-
ture and F denotes fundamental) describe the attenuation
of the diffraction intensity due to the mean-square static
displacements from the ideal lattice sites. They are extracted
from the odd and even (00l) peaks, respectively, by plotting
ln(%) versus Si}’\f‘) as described in Ref. 21. The slope
of this function leads to the corresponding Bs (r) values. The
extracted values are given in Table I. For the determination
of By in the ternary alloys, since the slope depends now on
two independent parameters, we assume perfect L1y ordering
such that Sg. and Sp; are equal to 2xp. and —2xp; (x; being
the atomic fraction of element i). Note that this assumption
will be discussed later based on the results of anomalous x-ray
diffraction measurements. For the sample series processed by
RTA at 800°C, the B and especially the By values are smaller
than the ones obtained for the sample series processed by RTA
at 600°C, again indicating the improved crystallinity of the
L1y phase formed at 800°C. It is also worth emphasizing
that the largest values of B (r) are obtained for the binary
alloy processed by RTA at 600°C, which can be related
to the existence of a mixture of randomly oriented fcc Al
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and (001)-oriented L1, grains as confirmed by transmission
electron microscopy.'’

As already mentioned, L1, ordering in binary alloys is
described by a single order parameter Sg. = —Sp;, while for
ternary alloys two independent parameters are required, i.e.,
Sre and Sp; with Scy = —(Spe + Spy). For the binary alloys, Sge
is deduced from the ratio of the integrated intensities of the
superstructure and fundamental peaks corrected for absorption
and Lorentz and Debye-Waller factors using Eq. (1) for/ = 1
and 2. The order parameter is then expressed by

Too1 | Fooz|? Aoz Loo2exp(— Brsin?6ppz /A2)
Sre = )

'V Tooz| Foot 12 Aot Loorexp(— Bssin26o1 /A2)

The expression of the structure factor of the (001) fundamental
reflections (even /) is given by

2,3 2 23 2
|Foal” = 16[(2)@ 1201 + f/]) + (Zf) }
=l i=1
(3

which is valid for binary as well as for ternary alloys, where
x; is the atomic fraction of element i, in(OOl) is its normal
coherent scattering factor dependent on the scattering vector
qoor = 4w sinf/A,and f/ and f!" are, respectively, the real and
imaginary parts of the anomalous scattering factor depending
on the photon energy E.

For binary alloys, the expression of the structure factors of
the (001) superstructure reflections (odd /) is

/ ;772
| Foorl” = 4S5 { [ /(00D + fie — f(00D) — fp]
+ = ) @
For equiatomic composition the maximal value of Sg. is equal
to 1; otherwise it is 1 — |1 — 2xp.|. For the two binary FePt
samples, Sg. was thus determined using Eq. (2). As expected,
the chemical LRO parameter increases from 0.70 to 0.79 with
increasing annealing temperature.
For ternary alloys, the superstructure | Fy|? is expressed as
a quadratic form of the two order parameters:
|Foor|* = C1Sge + CaSp + C3Sre S )
with
! 2 " !
Cr = H[fR00D) + fie = fE,(000) — f&,]" + (fre = fED*)
! / 2 " "
Ca = H[fp(00D) + fi = f2,(000) — fe,]" + (fyy = fE° )
Cs = 8{[ /(000 + fi — FE,O0D) — f&,][ (00D + fy,
= f&000) — ] + (i = FEI o = ot
The ratio of the intensities of superstructure and fundamental
peaks leads to
Loo1 | Fooa |* Aoz Loo2exp(—Bsin®602 /A7)
Too2Aoo1 Loo1exp(— Bssin?6oo; /A2)
Anomalous x-ray diffraction measurements performed at
different energies in the vicinity of the Fe K and Pt Ly
absorption edges allow one to change the C; coefficients
and |Fyo;|* values, owing to the energy dependence of the

anomalous terms of the scattering factor. For each energy the
solutions Sge and Sp; of Eq. (5) are located on an ellipse whose

2
| Foo1l” =

(6)
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FIG. 2. (Color online) X-ray diffraction (9-20) scans around the
(001) and (002) reflections for the Fe4;Pt44Cuy sample processed by
RTA at 800°C, recorded for different energies below the Fe K and Pt
Ly absorption edges.

center is located at Sge = Spy = 0. The two LRO parameters
are finally defined by the intersection points of the ellipses
measured at different energies. This graphical method was
already successfully applied to L1,-ordered ternary alloys.'3

However, due to the errors in the experimental values
of |Foo1|*> and the weak energy dependence of the ellipse
orientation (related to the C; coefficients), ellipses measured
at a single edge having similar orientation rarely intersect
within the polygon of the allowed values. This polygon is
limited to the region between the straight lines given by
Ske = 2Xge, Spc = —2xp;, and Sge + Spr = —2xc, (valid for
x; < 0.5). Therefore, carrying out anomalous x-ray diffraction
measurements at both Fe K and Pt Ly edges leads to
significant changes of the ellipse orientation and drastically
increases the probability that ellipses measured at different
edges intersect in the region of allowed solutions.

Figure 2 shows the (001) and (002) reflections of the
Fe47Pty4Cuy film processed by RTA at 800°C (same alloy
as in Fig. 1), measured at different energies slightly below the
Fe K and Pt Ly edges. At both edges the intensity variation
of the (001) peak is more pronounced than that of the (002)
peak. These changes are larger at the Pt edge due to the larger
anomalous effect as shown in Fig. 3.

The Sge and Sp, parameters were determined by drawing
the ellipses described by Eq. (5), in which for each energy
the experimental values of | Fy; |? are deduced from Eq. (6).
Assuming that Pt atoms are preferentially on the 8 sublattice,
i.e., Sp; defined by Pg — Plﬁ is negative, for Sp; ranging from
—1 to O the corresponding values of Sg. are the positive
solutions of the quadratic function given by Eq. (5). For the
Fe47Pt44Cuy alloy, the positive Sg. solutions ranging from 0 to
1 are thus found in a narrow Sp range and are represented by
the parts of ellipses depicted in Fig. 4. It is worth emphasizing
the variation of these curves with the photon energy, which
is well marked, by changing from the Fe edge to Pt one.
The intersection between all curves defines the gray diamond,
but only the region close to its top right corner belongs
to the purple polygon of the allowed values. The center of
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FIG. 3. Real parts f; of the anomalous terms of the Fe and Pt
atomic form factor in the vicinity of the Fe K and Pt Ly absorption
edges. Symbols mark the energies used in the experiment.

this common zone leads to a satisfying solution given by
Spe = —0.87, Sg. = 0.75, and Scy, = 0.12. Let us note that
this zone is limited by the four ellipses obtained at energies
of 7.068, 7.090, 11.339, and 11.433 keV, for which the ratio
| Fooz |2A002L0026Xp(—BF Sinzeooz/)»z)/looz is identical at each
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FIG. 4. (Color online) Graphical determination of the two LRO
parameters Sg. and Sp, for the Fe,;PtyyCuy sample RTA processed
at 800°C. A reliable solution (Sp; = —0.87, Sg. = 0.75, and S¢, =
0.12) is given by the center of the common zone between the gray
diamond and the purple polygon of the allowed solutions with respect
to the alloy composition.
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FIG. 5. (Color online) Graphical determination of the two LRO
parameters Sg. and Sp, for the Fes; Pt33Cu,; sample RTA processed
at 800°C by taking this alloy composition deduced from RBS for the
calculation of | Fy,|?. The intersection between the ellipses obtained
for E = 7.022 and 11.33 keV is the closest one from the purple area
and leads to a value of Sp, of —0.82 (see also the text).

edge, indicating that the beam characteristics and footprint
on the sample were identical during these measurements.
Furthermore, this set of chemical order parameters is in
agreement with the |Fy|> value measured at 18 keV. The
use of these LRO parameters in Eq. (5) to evaluate the
Debye-Waller factor from the series of the superstructure
reflections measured at 18 keV leads to a value of B, equal

to 2.08 Az, which is very close to the value assuming perfect
L1y order. Thus, for the ternary Fes;Pt44Cug alloy film, 99%
of Pt atoms are distributed on the g sublattice with a Sp; value
very close to the maximal value. Ninety percent of Fe atoms
and 83% of Cu are located on the « sublattice. Therefore, the
Cu atoms are preferentially placed on the Fe-rich (001) planes.

For the film of Fe4;PtsgCuy; processed by RTA at 800°C,
the ellipses (Fig. 5) were calculated using the given alloy
composition as determined by RBS. It turns out that no
intersection between the ellipses belongs to the region of the
allowed solutions. The closest intersection from this region
leads to a Sp; value of 0.82, corresponding to a difference in
Pt composition of 3%.

This discrepancy cannot be attributed to an experimental
error in composition evaluation. Therefore, it is believed
that during the fast annealing process a fraction of the Cu
atoms was not intermixed with the FePt alloy and is located
at the grain boundaries. By increasing the Pt composition
from 38 at. % to 42 at.% and Fe to 43 at.%, resulting in a
modified composition of FeysPts;Cuys, a few intersections
are now found marked in the purple region of Fig. 6. The
solution indicated by the red arrow corresponds to Sp; = —0.84
(maximal value), Sg. = 0.64, and Sc, = 0.2. Thus Cu atoms
are again located preferentially on the Fe-rich (001) planes.
Based on this tendency for Cu sites, also ordering parameters
for the two remaining FePtCu alloy films processed by RTA at
800°C, consistent with the value of | Fyy|> measured at 18 keV,
were calculated. The corresponding values are summarized in
Table I. For two ternary alloy films processed by RTA at 600°C
with low Cu content, the order parameters were deduced
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FIG. 6. (Color online) Graphical determination of the two LRO
parameters Sg. and Sp, for the Fes Pt33Cuy; sample after RTA at
800°C, but now assuming a modified composition of Fey;Pts;Cuys
for the calculation of | Fyy,|?. For this composition, one intersection
between ellipses of the two different edges belongs to the purple
region, leading to Sp, = —0.84, Sg. = 0.64, and Sc, = 0.2.

from the 18-keV measurement data by assuming values for
Scy similar to those of the corresponding alloys after RTA
at 800°C. As already observed for the binary alloy, the Sg.
and Sp, values are always smaller than those determined for
the corresponding films after RTA at 800°C, which can be
attributed to a lower atomic mobility.

IV. DISCUSSION

To emphasize the role of Cu on the L1j-ordering process,
the normalized LRO parameters given by |S;|/2x; versus the
Cu content are presented in Fig. 7. For the samples processed
by RTA at 800 °C, the normalized Pt order parameter increases
with Cu content, reaching its maximal value for a Cu content
of 9 at. %, while the normalized Fe order parameter remains
almost constant. Due to larger uncertainties on the Cu order

MM
—m—o- Fe
1.0} —®—o- Pt _  __e—e -
Cu ,8
- 0.9 -7
x i
N : @ s
E 0.8 /,O’ -
. -1 E
- - —I:I\I\.
RGP = L
0.7 i
0.6 i
05 L 1 N 1 N N N N 1 N
0 5 10 15
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FIG. 7. (Color online) Chemical long-range-order parameters S;
normalized with respect to the maximal values given by 2x; as a
function of the Cu composition deduced from the x-ray data analysis
for the FePtCu sample series processed by RTA at 800°C (closed
symbols) and for three FePtCu samples processed by RTA at 600°C
(open symbols).
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FIG. 8. Change of (a) the effective magnetic anisotropy K.g and
(b) the saturation magnetization M, as a function of the Cu content
(value determined by RBS) for FePtCu films processed by RTA at
600°C and 800°C.

parameter, the change of its normalized parameter is not
significant. Beyond 9 at.%, the decrease of the normalized
Fe order parameter becomes evident, indicating clearly that
Cu atoms displace more and more Fe atoms on the Pt-rich
planes. Such a redistribution of atoms in the tetragonal phase
gives rise to a decrease in number of FePt bonds along the
tetragonal axis, which in turn will strongly affect the magnetic
anisotropy. Figure 8(a) shows the values of the effective
perpendicular magnetic anisotropy K., deduced from the area
difference between the parallel and perpendicular hysteresis
loops measured at 300 K. The K¢ value of the binary alloy
reaches up to 1.2 x 10 erg/cm?®, which is in agreement with
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the highest degree of chemical order for Fe atoms. The addition
of Cu leads to a decrease of K as expected from the lowering
of the Sg. parameter, which in turn leads also to a reduction
of the saturation magnetization My, as shown in Fig. 8(b). It
is worth noting that the increase of the tetragonal distortion
(c/a ratio; see Table I) with Cu addition could also lead to
a decrease of magnetocrystalline anisotropy, as predicted by
first-principles calculations applied to a perfectly ordered L1,
FePt alloy.??

In contrast, for the sample series processed by RTA at
600°C, the addition of Cu first enhances the perpendicular
magnetic anisotropy due to the increased L 1y-ordered volume
fraction. Beyond 9 at.%, again the redistribution of atoms in
the tetragonal phase leads to a decrease of K¢ mainly given
by the reduction of the saturation magnetization as shown in
Fig. 8.

V. CONCLUSION

For L1y FePtCu alloy films, obtained after rapid thermal
annealing of polycrystalline FePt(5 nm—rz)/Cu(z) bilayers,
anomalous x-ray diffraction measurements performed at the Fe
K and Pt Ly edges have clearly shown that Cu atoms replace
preferentially Fe atoms on the (001) Fe-rich planes in the L1,
phase. While up to a Cu content of 9 at.% the Cu atoms play
an important role in the formation of the L1, phase with (001)
texture and consequently in the development of strong perpen-
dicular magnetic anisotropy, above 9 at.% Cu the displacement
of more and more Fe atoms to the (001) Pt-rich planes leads
to a strong decrease of perpendicular magnetic anisotropy.
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