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Magneto-optical and optical properties of Fe-rich Au-Fe alloy films near the fcc-bcc structural
transformation region
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A set of Au12xFex alloy films with 0,x,1 have been prepared by rf sputtering onto glass substrates kept
at 293 K. The x-ray diffraction study reveals fcc structures for the Au12xFex alloy films with x,0.8, and bcc
structures forx.0.80. The equatorial-Kerr-effect~EKE! spectra for the Au12xFex alloy films with bcc and fcc
types of structure show noticeably different spectral shapes and magnitudes from each other. Moreover, the
EKE value in the UV region for the Fe-rich Au12xFex alloy films exceeds that for the pure Fe film. The
observed blueshift and redshift of the low- and high-energy peaks, respectively, of the Fe-rich Au12xFex alloy
films with respect to pure Fe are caused by differences in the optical constants between alloy and Fe films,
which cannot explain, on the other hand, the enhancement of EKE value for the bcc Au12xFex alloys. The
optical-conductivity~OC! spectra for the Au12xFex alloy films with bcc type of structure are characterized by
an intense interband absorption peak at 2.0 eV, which is completely absent in the OC spectra of the Au12xFex

alloy films with fcc type of structure. The spectra of absorptive part of the off-diagonal components of
dielectric function for the investigated Au12xFex alloy and Fe films exhibit a double-peak structure; a peak
near 1.8 eV~which does not depend on the composition or the structural state of alloy! and a high-energy peak.
The latter is located at 3.3 eV for the Au12xFex alloy films with fcc type of structure and at 4.0–4.2 eV for the
alloys with bcc structure as well as for the Fe film.

DOI: 10.1103/PhysRevB.67.104424 PACS number~s!: 78.20.Ls, 78.66.Bz, 74.25.Ha
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I. INTRODUCTION

Past-decade investigations on novel physical propertie
metallic multilayered films~MLF!, such as strong surfac
magnetic anisotropy, enhanced magneto-optical~MO! effect,
quantum-confinement effect, and giant magnetoresiste
attract significant attention because of the fundamental in
ests and the practical applications. Au/Fe MLF system is
of them. The MO properties of Au/Fe layered structure ha
been intensively investigated experimentally1–13 and
theoretically,13,14however, some aspects are still unclear. S
zuki et al.discovered new peaks in the UV region of the M
spectra for Au/Fe layered structures, which are not relate
bulk Fe, and explained this by the formation of quantu
well states in the ultrathin Fe sublayers grown on the
substrate.9–12 On the other hand, a lot of theoretical calcul
tions reveal that the magnetic moment of the Fe sublayer
Au/Fe MLF is enhanced from 2.2mB up to about 3mB ~de-
pending on the structure or the geometry!.15–18Furthermore,
a small but oscillating~with the Au sublayer thickness! mag-
netic moment of the Au atoms is also well established.15–18It
is well known that, fundamentally, the MO Kerr effect
caused by the simultaneous occurrence of spin polariza
and spin-orbit coupling in a magnetic solid. Therefore,
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enhancement of Kerr rotation in the UV region of spectra~or
appearance of new peaks! of Au/Fe MLF can also be cause
by either an increased magnetic moment at the Fe site
stronger spin-orbit coupling in the Au atoms, or an induc
magnetic moment of the Au atoms.

It is natural to assume that the fabrication of Au/Fe ML
is accompanied by the spontaneous formation of alloyl
regions near the interfaces between sublayers of the
elements, which can, in turn, affect the physical properties
MLF. Indeed, Gavrilenko and Wu,14 and also Ubaet al.13

mentioned that the agreement between experimental and
culated MO properties of Au/Fe MLF is significantly im
proved if the formation of alloylike regions is taken int
account in the model.

Furthermore, an enhanced magnetic moment at the
sites up to 3mB as well as an induced small magnetic m
ment at the Au sites in Au-Fe alloys were also observ
experimentally19 and forecasted theoretically.20 However,
later Guireet al. reported that Au12xFex alloys exhibit a con-
stant Fe magnetic moment of 2.2mB for 0.26,x,0.92.21

Therefore, in order to understand the MO properties
Au/Fe MLF the MO properties of Au-Fe alloys~as one of the
probable constituents in Au/Fe MLF! in a wide composi-
tional range should also be known. The MO properties o
©2003 The American Physical Society24-1
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TABLE I. Parameters of prepared and investigated Au-Fe alloy films.

Sample Alloy Film thickness Sample Alloy Film thicknes
no. composition ~nm! no. composition ~nm!

I-1 Fe0.008Au0.992 482.4 II-1 Fe0.015Au0.985 188.2
I-2 Fe0.018Au0.982 417.9 II-2 Fe0.011Au0.989 251.0
I-3 Fe0.023Au0.977 354.8 II-3 Fe0.035Au0.965 224.1
I-4 Fe0.034Au0.966 227.9 II-4 Fe0.038Au0.962 231.4
I-5 Fe0.053Au0.947 153.0 II-5 Fe0.074Au0.926 148.0
I-6 Fe0.118Au0.882 119.7 II-6 Fe0.160Au0.840 92.3
I-7 Fe0.270Au0.730 94.9 II-7 Fe0.314Au0.686 95.3
I-8 Fe0.436Au0.564 86.7 II-8 Fe0.590Au0.410 102.2
I-9 Fe0.690Au0.310 95.7 II-9 Fe0.771Au0.229 118.1
I-10 Fe0.799Au0.201 II-10 Fe0.863Au0.137 180.3
I-11 Fe0.908Au0.092 152.1 II-11 Fe0.926Au0.074 228.9
I-12 II-12 Fe0.978Au0.022 287.2
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medium $i.e., the off-diagonal components of its dielectr
function, DF («̃) @ «̃xy52 «̃yx5 i «̃8; «̃85«182 i«28#% cannot
be determined without knowing its optical properties@i.e.,
the diagonal components of the DF («̃xx5 «̃yy5 «̃zz5«5«1
2 i«2 , «15n22k2, and«252nk, wheren andk are index
of refraction and coefficient of extinction, respectively!. As
far as we know, the MO and optical properties of Au-Fe all
films have not been investigated yet at all.

Thus, the purpose of this work is to prepare Fe-Au al
films and to investigate their MO and optical properties. T
paper has the following structure. In Sec. II, we describe
experimental details. Section III is devoted to a study of
structural and the optical properties of Au-Fe alloy films.
Sec. IV, the experimental MO properties of Au-Fe alloy film
are presented and discussed.

II. EXPERIMENTAL PROCEDURE

Two sets of Au12xFex alloy films with 0,x,1 have
been prepared by the simultaneous rf sputtering of Au and
targets onto large glass substrates (253120 mm2 in size!,
which were positioned in parallel to a ‘‘line’’ connecting th
Au and Fe targets and were kept at room temperature~RT!.
The relative position of the substrate with respect to the
and Fe targets was slightly changed in the second depos
for the alloy film. Therefore, the alloy compositions of bo
films are slightly different. After the deposition, both film
were cut into 12 pieces along the short side of substrate,
2312 alloy samples were obtained. The composition of e
Au-Fe alloy sample was determined at its central part
x-ray fluorescence. The parameters of the prepared Au12xFex
alloy films are shown in Table I. Pure Fe and Au films
about 200 nm in thickness were also prepared at the s
deposition conditions. The structural characterization
Au12xFex alloy films was performed by using high-ang
x-ray diffraction~XRD! with Co-Ka radiation. The magnetic
properties@in-plane magnetization loops,M (H)] were mea-
sured at RT and in a magnetic field of 1.5 T with a vibrati
sample magnetometer~VSM!.

The MO equatorial Kerr effect~EKE! of Au12xFex alloy
10442
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films was investigated at RT by the dynamical method22 us-
ing thep-plane polarized light at angles of incidence of 6
and 75° in a spectral range of 248–1130 nm~5.0–1.1 eV!,
and in an ac magnetic field of 950 Oe~a maximum ac mag-
netic field available to us!. The EKE value,dp5DI /I o , is the
relative change in intensity of the reflected light caused
the magnetization of a sample in an external magnetic fi
whose direction is transverse to the plane of light inciden
The absorptive«28 and the dispersive«18 parts of the off-
diagonal components of the DF were determined for sev
Au12xFex alloy films ~nearly equiatomic and Au0.25Fe0.75
compositions! by using the corresponding experimental r
sults obtained in the optical and the MO studies. The opt
properties were measured by the polarimetric Bea
technique23 at RT in a spectral range of 235–2500 nm~5.3–
0.5 eV! at a fixed incidence angle of 73°.

We focus our MO study on the Fe-rich Au12xFex alloy
films. Therefore, in order to secure more systematic cha
in alloy composition for the study we chose various samp
from both sets of films.

III. STRUCTURAL AND OPTICAL STUDIES

The high-angle XRD patterns for the second set
Au12xFex alloy films, together with that for the pure Fe film
are shown in Fig. 1. All the XRD spectra exhibit only on
diffraction peak. The location and the width~see inset in Fig.
1! of this diffraction peak depend remarkably on samp
number~the alloy composition!. The compositional depen
dence of the interplanar spacingd, calculated from the peak
position, reveals a nearly linear decrease from the value
~111! spacing for bulk Au~an fcc type of structure! by in-
creasing the Fe content fromx'0 up tox'0.75–0.80~see
Fig. 2!. At x'0.80, the interplanar spacing abruptly d
creases and then keeps decreasing with the Fe conten
wards the value of~110! spacing for bulk Fe~a bcc type of
structure! at nearly the same rate as for the 0,x<0.80
range. It is known that at RT, Au has a very limited solubili
in Fe and vice versa, however, at high~about 1200 K! tem-
peratures, the region with an equilibrium terminal solid s
4-2
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lution based on fcc Au is stretched up to around a comp
tion of Au0.30Fe0.70.24 The compositional dependence
lattice parameter@~111! interplanar spacing# for this equilib-
rium at 1200 K of alloy withx<0.65 shows a rather simila
behavior to the experimentally observed one for Au-Fe al
films ~see Fig. 2!.25 However, it is seen that the deviatio
between these two curves increases withx, probably indicat-
ing an accumulation of strain in the films with increasing t
Fe content. Atx'0.80, this strain causes the structural tra
formation of lattice to the bcc type of structure. It can
concluded that the experimentally observedd(x) dependence
reflects a structural fcc-bcc transformation in Au12xFex al-
loy, which takes place atx'0.80. This fact is consistent with
the results by Guireet al., except that their critical concen
tration for the structural transformation ofx'0.75.21 A no-
ticeable increase of the diffraction linewidth in the tran
tional region indicates the adaptation process of crystal
structure of the alloy to new quasi-equilibrium condition
Thus, it seems to us that the deposition onto a substrate a
can be considered as a sort of quenching which retains
high-temperature equilibrium down even at RT.

FIG. 1. Normalized XRD spectra, taken with Co Ka radiation,
for the second set of Au12xFex alloy films ~see Table I! and an Fe
film. Inset shows the dependence of the diffraction linewidth on
Fe content.

FIG. 2. Fe-content dependence of the interplanar spacingd for
the investigated Au12xFex alloy films ~solid circles!. Line is a guide
for the eyes. Open triangles show the compositional dependen
d for the equillibrium bulk Au-Fe alloys atT51200 K ~Ref. 25!.
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The optical properties@n, k, «1 and optical conductivity
~OC; s5«2v/4p)] of pure Au and Fe films are shown i
Figs. 3 and 4, respectively. The purpose is to show
boundaries between which the optical properties
Au12xFex alloy films might be observed. The optical prop
erties of Au have been well studied experimentally and
plained theoretically.26–32 Our experimental data for Au film
reproduce nicely all the basic features of the OC spectrum
Au, namely, a sharp threshold in the 2.5-eV range, associ
with the beginning of interband transitions between the fi
and the sixth band, a feature at 4 eV caused by an elec
excitation from the fifth to the seventh band near t
L-symmetry point, and an intense intraband absorption
low \v'2 eV. The strong intraband absorption is al
manifested by a very large and negative value of«1 at \v
,2 eV.

The optical properties of Fe film~see Fig. 4! are also in a
great agreement with the experimental33,34 and
theoretical35–39 literature data exhibiting a strong interban
absorption peak near 2.4 eV. This peak is known to be p
duced by electron excitations mainly in the minority-sp
sub-bands which are located in the column of an irregu
cross section rising normally from near the center ofG-H-N
plane in the irreducible wedge of the Brillouin zone.35,36,38

The optical properties of the investigated Au12xFex alloy
films are presented in Fig. 5, together with those of Au a
Fe films for the comparison. In general, thes and«1 spectra
of the alloys do not exhibit any new feature that is not typic
for Fe or Au. However, the transition from pure Fe to t
Fe-rich bcc Au12xFex alloys leads to an expected redshift
the main absorption peak in the OC spectra@see Fig. 5~c!#.

e

of

FIG. 3. Experimental optical properties of a Au film. Inset in~c!
shows an expanded view of the«1 spectrum.
4-3
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Indeed, the Fe-rich Au12xFex alloy films with the bcc type of
structure have a larger lattice parameter than that of pure
~see Fig. 2!. This should induce a narrowing of the electro
band structure towards the Fermi level. Therefore, the in
and the final states responsible for formation of this peak
closer to each other, which produces a shift of the peak to
low-energy side. Furthermore, a reduced number of
nearest-neighboring Fe atoms in the Fe-rich Au12xFex alloy
films with respect to pure Fe also weakens the interac
between Fe atoms and hence narrows the width of 3d-Fe
band. A further decrease in the Fe content down tox'0.8
leads to the bcc-fcc structural transformation in Au12xFex
alloy films, which is accompanied by the complete disa
pearance of the peak. This radical change in the optical p
erties of Au12xFex alloy films is an evidence for significan
changes in the electron energy structure caused by the s
tural transformation. On the other hand, a transition from
to the Au-rich Au12xFex alloy with the fcc type of structure
induces a gradual blurring of the Au interband-absorpt
edge with increasingx.

IV. MAGNETO-OPTICAL PROPERTIES

The MO properties of a sample should be measured
saturated magnetic field. Therefore, the usual first step
the MO experiment is to check the magnetic-field dep
dence of MO response. Thedp(H) dependences for the in
vestigated Au12xFex alloy films are shown in Fig. 6. It is
seen that the responses are changed significantly acco
to x, and that the presented curves can be classified into
groups bearing a soft (Au12xFex alloy films with the bcc

FIG. 4. Experimental optical properties of an Fe film.~a! pre-
sents the spectra ofn and k, ~b! shows the OC spectrum, and~c!
presents the real part of the diagonal components of DF.
10442
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type of structure! and a hard (Au12xFex alloy films with the
fcc type of structure! magnetic behavior. Thedp(H)/dp(950)
dependence for Au0.229Fe0.771 alloy film lies at the border
between two groups, which suggests an intermediate st
tural state in the film. The in-plane saturation was n
achieved for some of our samples. Hence, in order to co
pare with the other samples, directM (H) measurements by
VSM were employed. In general, thedp(H)/dp(950) depen-
dence obtained from the MO measurements is in a g
agreement with theM (H) results. Therefore, in those cas
where the saturation of MO response was not achieved a
ac magnetic field of 950 Oe, the experimental EKE spec
were artificially ‘‘saturated’’ by using the corresponding sca

FIG. 5. Fitted«1 ~a! and s ~b,c! spectra for the investigated
Au12xFex alloy as well as Fe and Au films.~c! shows an expanded
view of ~b!.

FIG. 6. An ac magnetic-field dependence of the MO respo
for the invetsigated Au12xFex alloy and Fe films.
4-4
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ing factors determined from the comparison of theM (H)
anddp(H) curves, normalized with respect to the respect
values atH50.095 T ~see Fig. 7!. Figure 7~d! summarizes
these results and shows the compositional dependence o
in-plane saturation magnetic field for the investigat
Au12xFex alloy films. It is seen that atx50.8, i.e., at the
bcc-fcc structural transformation, the saturation field
creases abruptly with decreasingx. Such a behavior can b
explained, for example, by a noticeable perpendicular m
netic anisotropy formed in the Au12xFex alloy films with the
fcc type of structure.

The experimental~and the artificially saturated! EKE
spectra for the investigated Au12xFex alloy films, together
with the EKE spectra for film and bulk Fe, are presented
Fig. 8. The EKE spectrum for Fe film reveals an intense p
at 1.7 eV, which has an excellent resemblance in shape
peak position to the literature data for bulk Fe,40 however, its
magnitude is smaller by about 25%. The structural dep
dence of the EKE for Fe film was specially examined

FIG. 7. Magnetic-field dependences of the magnetization
the MO response for the invetsigated Au12xFex alloy films with the
fcc type of structure@~a!–~c!#. ~d! shows the Fe-content dependen
of the in-plane saturation magnetic field for the investiga
Au12xFex alloy films.
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Menéndezet al.41 They show that the grain-size effect ca
influence significantly on the MO response. Therefore,
smaller EKE value of our Fe film might be relevant to
difference in the grain size between film and bulk Fe.

A transition from Fe to the Fe-rich Au12xFex alloy films
with the bcc type of structure leads to a certain decreas
the MO response in the low-energy region and to a blue s
of the low-energy maximum by about 0.2 eV. On the oth
hand, the EKE value in the UV region is noticeably larg
than that for pure Fe showing a high-energy peak~or the
low-energy tail of a peak whose maximum is positioned b
yond the investigated spectral range! of nearly the same in-
tensity. It can be assumed that the high-energy peak has
same origin as a peak at 5.5–6.0 eV in the EKE spectrum
bulk Fe.22 Contrary to the low-energy peak, this high-ener
one exhibits a redshift with decreasing Fe content.

The EKE spectra for Au12xFex alloy films with the fcc
type of structure have a substantially different spectral sh
~the low-energy peak is nearly absent or very weak, but
high-energy peak continues to shift to the low-energy si!
and significantly smaller values. The EKE spectrum
Au0.73Fe0.27 shows an extremely low intensity~if any!. Ac-
cording to Guire et al., the Curie temperatureTC for
Au12xFex alloy films reaches RT at aboutx'0.20,21 which
is close to our estimation forTC based on these MO mea
surements.

Let us try to elucidate possible reasons for the EKE
hancement in the UV region of spectra observed
Au12xFex alloy films with the bcc type of structure. It is
clear that in this case the confinement effect, as suggeste
Suzuki and co-workers9–12 for the explanation of new struc
tures in the MO spectra of Fe/Au layered systems, has
place and should be excluded, first of all, from our cons
eration.

It is well known that the MO response like EKE is dete
mined by both MO and optical parameters of a medium. T

d

d

FIG. 8. EKE spectra measured atw566° for pure Fe film~solid
line!, and Au12xFex alloy films with x50.926~solid circles!, 0.863
~open circles!, 0.799~solid up-triangles!, 0.771~open up-triangles!,
0.690 ~open down-triangles!, 0.590 ~solid diamonds!, 0.436 ~open
diamonds! and 0.270~open squares!. Dashed line shows the EKE
spectrum for bulk Fe, measured at 70° and plotted with a sca
factor of 0.75~Ref. 40!.
4-5
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transverse or equatorial Kerr effect observed at an angl
incidencew can be expressed with the diagonal and o
diagonal components of DF as42

dp52 sin 2wS A«18

A21B2
1

B«28

A21B2D , ~1!

where

A5«2~2«1 cos2w21!,

B5~«2
22«1

2!cos2w1«12sin2w.

Therefore, appearance of a new peak~or an enhancemen
of the MO response! in the UV region observed in the EKE
spectra for Au12xFex alloy films may originate from change
in the optical parameters of alloy with respect to Fe. Fo
rough judgement for this possible reason, simulations of
EKE spectra for the Fe-rich Au12xFex alloy films have been
carried out in the framework of effective-medium appro
mation~EMA!. In this procedure, a nearly linear decrease
the magnetization of Au-Fe alloys with the decreasing
content was assumed.21 We also assumed that the only sour
for the MO response from this alloy is the constituent F
First, the off-diagonal components of the DF for Fe fil
were calculated by using the measured EKE at two angle
incidence, the measured optical constants of Fe, and Eq.~1!.
The obtained spectra are coincident excellently with the p
lished experimental22 and theoretical37–39results. We consid-
ered two models. The off-diagonal components of the DF
Au12xFex alloy were chosen to be those of pure Fe, sca
by the Fe contentsx, i.e., «1,2(Au12xFex)8 5x«1,2(Fe)8 ~in model

1!. In the second model, the enhancement of magnetic
ment at the Fe sites, predicted by the theory,20 for Au-Fe
alloys with respect to pure Fe was also taken into acco
i.e., «1,2(Au12xFex)8 5EFx«1,2(Fe)8 , where EF is the enhance-

ment factor. For both models, the measured«1 and«2 of the
corresponding alloys were used as the diagonal compon
of DF. The results are shown in Fig. 9. It is seen th
the simulated EKE spectra manifest two peaks shifted
comparison with those of Fe, but that the positions are co
cident perfectly with the corresponding experimental on
However, for both models the magnitudes of the simula
EKE spectra in the\v.3.5 eV energy range are smalle
than the experimentally observed ones. The EKE spec
simulated for Au12xFex alloy with smaller x ~not shown
here!, exhibit a worse correspondence with the experime
probably because of inadequacy of such an approach
Au-Fe alloys far from the Fe-rich region. Thus, one can c
clude that the blueshift and redshift~with respect to pure Fe!
of the low- and high-energy peaks, respectively, in the E
spectra for the Fe-rich Au12xFex alloy films result from dif-
ferences in the optical constants between alloys and
while this factor does not explain the enhancement of M
responses from the Fe-rich Au12xFex alloy films.
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In order to understand further the observed experime
results, the off-diagonal components of DF were calcula
for Au-Fe alloys with the bcc and the fcc types of crystalli
structure (Au0.137Fe0.863 and Au0.41Fe0.59, respectively!
and in the intermediate region (Au0.229Fe0.771). For this
purpose, additional EKE measurements at the sec
angle of incidence (75°) have been carried out. T
calculated «18(\v)2 and «28(\v)2 spectra, together with
the corresponding spectra for Fe film, are shown in Fig.
The validity of the obtained off-diagonal components f

FIG. 9. Experimental and simulated EKE spectra for~a!
Au0.137Fe0.863 and~b! Au0.229Fe0.771 alloy films shown together with
the experimental EKE spectrum for pure Fe film.

FIG. 10. Calculated spectra for~a! the absorptive and~b! the
dispersive parts of the off-diagonal components of DF for Au12xFex

alloy films with x50.59 ~solid down-triangles!, 0.771 ~open up-
triangles! and 0.863~solid circles!. Solid and dashed lines prese
the corresponding spectra of Fe film and (Au/Fe)20 MLF, respec-
tively.
4-6
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MAGNETO-OPTICAL AND OPTICAL PROPERTIES OF . . . PHYSICAL REVIEW B 67, 104424 ~2003!
these alloys and Fe film was checked by calculating the E
spectra using Eq.~1!. The calculated EKE spectra perfect
reproduce the corresponding experimental EKE ones
Fig. 10, we also include the literature data for (Au/Fe20

MLF which can be considered as an ordered Au0.50Fe0.50

alloy with an L1o type of structure.13 All the spectra of
absorptive part of the off-diagonal components for DF ha
a double-peak structure : a low-energy peak at 1.8 eV~which
does not change the position by the fcc-bcc structu
transformation!, and a high-energy peak at about 3.3 e
for the fcc type of structure~or for the intermediate one!
and at about 4 eV for the bcc type of structure~or for pure Fe
film!. Thus, the further redshift of the high-energy peak
the EKE spectra of Au12xFex alloys with decreasingx is
induced additionally by changes in the«28(\v)2 spectra of
alloys.

It should be emphasized here that the magnitude of
«28(\v)2 spectrum for Au0.137Fe0.863 alloy film is larger not
only than that of the fcc or the intermediate alloy, but a
that of pure Fe film. Such an enhancement cannot be
plained with a more perfect structure in this range ofx than
the other because the structural superiority, if any, should
manifested more significantly in the optical properties~see
Fig. 5!. Furthermore, all the samples were prepared at
same deposition conditions.

To explain further the MO and the optical properties
Au-Fe alloys, we would like to refer to the previous firs
principles calculations made for Fe-based MLF. The ori
of an enhanced MO Kerr effect from ultrathin Fe- or C
based multilayers was theoretically studied by Guo a
Ebert.43,44 It was shown that, for Fe/Pt MLF, a greatly stro
ger spin-orbit coupling in the heavy Pt atoms is the predo
nant microscopic factor. The magnetic moment of the Pt
oms is mainly due to a direct hybridization between the sp
integrated Pt orbitals and the spin-polarized Fe orbit
In other words, through the direct orbital hybridizatio
a spin moment of the magnetic Fe atom is transferred
the nonmagnetic Pt atom and the strong spin-orbit coup
of the heavy Pt atoms, in turn, affects the Fe atoms
similarity can be observed in a system comprising anot
heavy metal Au, i.e., in Au-Fe alloy system. Indeed, t
first-principles calculations for @Fe(nML)/Au( nML) #N
superlattices with 1<n<6, wheren is an integer numbe
and ML denotes monolayer revealed that a structure ne
eV is ascribed to an optical transition from th
Au 5d state to the Au 5f hybridized with Fe 3d in the
minority-spin band. By the detailed analysis of the ba
structure and the transition matrix elements, it was fou
that the structure around 4 eV in case ofn51 ~equivalent
to Au0.50Fe0.50 alloy! originates mainly from thed↓→ f↓
transition at the Au sites, in which the final statef↓ is
hybridized with the Fe (3d↓) state. In other words, this
transition can be regarded asAu(5d↓)→Fe(3d↓).8 The ob-
served enhancement in the«28(\v)2 spectra for
Au0.137Fe0.863 alloy film, with respect to Fe or fcc Au12xFex
alloys, results probably from a competition between t
mechanism and an increase in the magnetization with
creasing the Fe content. However, a more definite elucida
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can be achieved by performing the first-principles calcu
tions for the optical properties of these Au-Fe alloys, whi
are underway.

V. SUMMARY

The summary is given in the following points.
~1! A set of Au12xFex alloy films with 0,x,1 have

been prepared by rf sputtering onto glass substrates
at RT. The XRD study revealed a fcc structure f
Au12xFex alloy films with x,0.8, and a bcc structure fo
x.0.80.

~2! The EKE, OC, and«1 spectra for Au12xFex alloy
films with the fcc and the bcc types of structure have be
measured at RT.

~3! The EKE spectra for Au12xFex alloy films with the
bcc and the fcc types of structure showed noticeably diff
ent spectral shapes and magnitudes. Moreover, the MO
sponse for the Fe-rich Au12xFex alloy films exceeds that for
pure Fe film.

~4! A simulation of the EKE spectra for the Fe-ric
Au12xFex alloys, made in the framework of EMA, allowe
us to conclude that the observed blueshift and redshift~with
respect to pure Fe! of the low- and the high-energy peak
respectively, in the EKE spectra of Au12xFex alloy films are
caused by differences in the optical constants between a
and Fe, while this cannot explain the enhancement of M
response in the UV region of spectra for the bcc Au12xFex
alloys.

~5! The optical properties of all the investigated allo
lie between those of pure Fe and Au. The OC spec
for Au12xFex alloy films with the bcc type of structure
are characterized by an interband absorption peak at 2.0
which has probably the same nature as an absorption p
at 2.4 eV of Fe. This peak is completely absent in t
OC spectra of Au12xFex alloy films with the fcc type of
structure.

~6! The off-diagonal components of DF for sever
Au12xFex alloy films and Fe film have been experimenta
determined. The«28(\v)2 spectra exhibit a double-pea
structure: a peak near 1.8 eV~which does not depend o
the composition or the structural state of alloy! and a
high-energy peak. The latter is positioned at 3.3 eV
Au12xFex alloy films with the fcc type of structure and a
about 4.0–4.2 eV for those with the bcc structure as wel
for Fe film.

~7! The structural bcc-fcc transformation leads
an abrupt increase in the in-plane saturation magn
field. This fact can be explained by the appearance o
perpendicular magnetic anisotropy in the fcc phase
alloy.
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