PHYSICAL REVIEW B 67, 104424 (2003

Magneto-optical and optical properties of Fe-rich Au-Fe alloy films near the fcc-bcc structural
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A set of Ay, _,Fe, 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_ABe, alloy films with x<<0.8, and bcc
structures fox>0.80. The equatorial-Kerr-effe(EKE) spectra for the Ay ,Fe, 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 Au,Fe, 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-iglréalloy
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 hcgFgualloys. The
optical-conductivity(OC) spectra for the Au_,Fe, 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 {lfsAu
alloy films with fcc type of structure. The spectra of absorptive part of the off-diagonal components of
dielectric function for the investigated Au,Fe, alloy and Fe films exhibit a double-peak structure; a peak
near 1.8 eMwhich does not depend on the composition or the structural state of alidya high-energy peak.

The latter is located at 3.3 eV for the Ay Fe, 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.
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[. INTRODUCTION enhancement of Kerr rotation in the UV region of spe¢tna
appearance of new pealksf Au/Fe MLF can also be caused
Past-decade investigations on novel physical properties diy either an increased magnetic moment at the Fe sites, a
metallic multilayered films(MLF), such as strong surface stronger spin-orbit coupling in the Au atoms, or an induced
magnetic anisotropy, enhanced magneto-optieD) effect, magnetic moment of the Au atoms.
guantum-confinement effect, and giant magnetoresistence, It is natural to assume that the fabrication of Au/Fe MLF
attract significant attention because of the fundamental intelis accompanied by the spontaneous formation of alloylike
ests and the practical applications. Au/Fe MLF system is oneegions near the interfaces between sublayers of the pure
of them. The MO properties of Au/Fe layered structure haveslements, which can, in turn, affect the physical properties of
been intensively investigated experimentallf and  MLF. Indeed, Gavrilenko and WAf, and also Ubeet all®
theoretically****however, some aspects are still unclear. Sumentioned that the agreement between experimental and cal-
zuki et al. discovered new peaks in the UV region of the MO culated MO properties of Au/Fe MLF is significantly im-
spectra for Au/Fe layered structures, which are not related tproved if the formation of alloylike regions is taken into
bulk Fe, and explained this by the formation of quantum-account in the model.
well states in the ultrathin Fe sublayers grown on the Au Furthermore, an enhanced magnetic moment at the Fe
substraté=12 On the other hand, a lot of theoretical calcula- sites up to 3.z as well as an induced small magnetic mo-
tions reveal that the magnetic moment of the Fe sublayers iment at the Au sites in Au-Fe alloys were also observed
Au/Fe MLF is enhanced from 22 up to about 35 (de-  experimentally’ and forecasted theoreticafly. However,
pending on the structure or the geomgfy *® Furthermore,  later Guireet al. reported that Ay ,Fe, alloys exhibit a con-
a small but oscillatingwith the Au sublayer thicknessnag-  stant Fe magnetic moment of g for 0.26<x<0.922
netic moment of the Au atoms is also well establisfed®t Therefore, in order to understand the MO properties of
is well known that, fundamentally, the MO Kerr effect is Au/Fe MLF the MO properties of Au-Fe alloyas one of the
caused by the simultaneous occurrence of spin polarizatioprobable constituents in Au/Fe MLRn a wide composi-
and spin-orbit coupling in a magnetic solid. Therefore, thetional range should also be known. The MO properties of a
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TABLE |. Parameters of prepared and investigated Au-Fe alloy films.

Sample Alloy Film thickness Sample Alloy Film thickness
no. composition (nm) no. composition (nm)
I-1 Fey.00dAUg 992 482.4 -1 F@.01AUg 985 188.2
I-2 Fey.01AUg 982 417.9 -2 F@.011AUg 989 251.0
I-3 Fey.02AUg 977 354.8 -3 F@.03AUg 965 224.1
I-4 Fey.03AUg 966 227.9 -4 F@.03AUg 962 2314
I-5 F&.058AU0.947 153.0 -5 F@.074AU0.926 148.0
1-6 Fey 116AUg ggo 119.7 11-6 F&.166AUo 840 92.3
-7 Fey.27dAUg 730 94.9 -7 F& 31AUg 6s6 95.3
1-8 Fey 43U 564 86.7 11-8 F& 50AUg.410 102.2
1-9 Fey s0dAUg 310 95.7 11-9 F& 774AUq 209 118.1
I-10 Fey 70AUo 201 11-10 Feb.g6\Uo.137 180.3
I-11 Fey.90AUo 092 152.1 11-11 F@ 926AUg 074 228.9
I-12 11-12 Fey.97AUg 022 287.2

medium {i.e., the off-diagonal components of its dielectric films was investigated at RT by the dynamical meftiags-
function, DF ) [gxy: _gyX: igf;grzsi_iaé]} cannot ing thep-plane polarized light at angles of incidence of 66°
be determined without knowing its optical propertigs., ang 75° in a spectral r?nl%e ?fgé‘g)fg;mo (Gr0-1.1 eV,

; =~ = tic field o maximum ac mag-
the diagonal components of the DE,(=¢&,,=¢,,~e=¢; and in an ac magne - ;
“ig,, sl=n2—k2, ands,=2nk, wheren andk are index neth field avallable_to L)sThe EKE valueﬁp—A.I/IO, is the
of refraction and coefficient of extinction, respectivebjs relative change in intensity of the reflected light caused by

far as we know, the MO and optical properties of Au-Fe alloythe magnetiz_atio_n of a sample in an external _mag_ne_tic field
films have not 'been investigated yet at all whose direction is transverse to the plane of light incidence.

Thus, the purpose of this work is to prepare Fe-Au alloy N absorptives; and the dispersive;; parts of the off-

films and to investigate their MO and optical properties. Thisdiagonal components of the DF were determined for several
paper has the following structure. In Sec. II, we describe thé\U1-xF& alloy films (nearly equiatomic and Ayps € 75
experimental details. Section IIl is devoted to a study of thef@MPOsitions by using the corresponding experimental re-
structural and the optical properties of Au-Fe alloy films. In Sults obtained in the optical and the MO studies. The optical

Sec. IV, the experimental MO properties of Au-Fe alloy films prope'rtiesg were measured by the polarimetric Beattie
are presented and discussed. techniqué® at RT in a spectral range of 235—-2500 13—

0.5 eV) at a fixed incidence angle of 73°.
We focus our MO study on the Fe-rich AuFe, alloy
Il. EXPERIMENTAL PROCEDURE films. Therefore, in order to secure more systematic change
Two sets of Ay_,Fe alloy films with 0<x<1 have in alloy compositiqn for the study we chose various samples
been prepared by the simultaneous rf sputtering of Au and F&om both sets of films.
targets onto large glass substrates X220 mn? in size),
which were positioned in parallel to a “line” connecting the
Au and Fe targets and were kept at room temperafaie.
The relative position of the substrate with respect to the Au The high-angle XRD patterns for the second set of
and Fe targets was slightly changed in the second depositiahu, _,Fe, alloy films, together with that for the pure Fe film,
for the alloy film. Therefore, the alloy compositions of both are shown in Fig. 1. All the XRD spectra exhibit only one
films are slightly different. After the deposition, both films diffraction peak. The location and the widtsee inset in Fig.
were cut into 12 pieces along the short side of substrate, ant) of this diffraction peak depend remarkably on sample
2Xx 12 alloy samples were obtained. The composition of eaclmumber (the alloy composition The compositional depen-
Au-Fe alloy sample was determined at its central part bydence of the interplanar spacidgcalculated from the peak
x-ray fluorescence. The parameters of the preparad A, position, reveals a nearly linear decrease from the value of
alloy films are shown in Table I. Pure Fe and Au films of (111) spacing for bulk Au(an fcc type of structupeby in-
about 200 nm in thickness were also prepared at the san@easing the Fe content fror=0 up tox~0.75-0.80(see
deposition conditions. The structural characterization ofFig. 2). At x~0.80, the interplanar spacing abruptly de-
Au,_,Fe  alloy films was performed by using high-angle creases and then keeps decreasing with the Fe content to-
x-ray diffraction(XRD) with CoK, radiation. The magnetic wards the value 0f110) spacing for bulk Fe€a bcc type of
propertiedin-plane magnetization loop#)(H)] were mea- structure at nearly the same rate as for the<®<0.80
sured at RT and in a magnetic field of 1.5 T with a vibratingrange. It is known that at RT, Au has a very limited solubility
sample magnetomet€¥SM). in Fe and vice versa, however, at higdbout 1200 K tem-
The MO equatorial Kerr effedEKE) of Au,_,Fe alloy  peratures, the region with an equilibrium terminal solid so-

IIl. STRUCTURAL AND OPTICAL STUDIES
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FIG. 1. Normalized XRD spectra, taken with Cq, Kadiation, © 0.8 Son
for the second set of Au,Fe, alloy films (see Table)land an Fe 501 y '0 @ ?b% ©°
film. Inset shows the dependence of the diffraction linewidth on the W $ _ '2 o o o
Fe content. -100L S8 o . &0 o
o -1.4] &
. ) i -150t o -1.6 o
lution based on fcc Au is stretched up to around a composi- ° 25 30 35 40 45 50
tion of Augafe70.2* The compositional dependence of 2004, . Photon energy (eV)
lattice parametefr(111) interplanar spacinigfor this equilib- 1 2 3 4 5
rium at 1200 K of alloy withx<0.65 shows a rather similar Photon energy (eV)

behavior to the experimentally observed one for Au-Fe alloy
films (see Fig. 2% However, it is seen that the deviation
between these two curves increases wijtprobably indicat-
ing an accumulation of strain in the films with increasing the . . . .
Fe content. Ak~ 0.80, this strain causes the structural trans- The optical propertiegn, k, &, and opncal conductlwty
formation of lattice to the bcc type of structure. It can be(OC: o= gsw/4m)] of pure Au and Fe films are shown in
concluded that the experimentally obsergdd) dependence Figs. 3 and 4, respectively. The purpose is to show the

reflects a structural fcc-bee transformation in,AyFe, al- ioundélries” bef'g\llveen .vzhigh tbhe o%tic_?rll properlties of
loy, which takes place at~0.80. This fact is consistent with U1 xF& alloy fiims might be observed. The optical prop-

the results by Guireet al,, except that their critical concen- erties of Au haye b%?g‘z well St“d"?d experimentally an.d ex-
tration for the structural transformation &f0.75%! A no- plained theqretlcallﬁ. Our' experimental data for Au film
ticeable increase of the diffraction linewidth in the transi- reproduce nicely all the basic features of the OC spectrum of

tional region indicates the adaptation process of crystallin@‘y’ namely, _as_harp th_reshold in the 2_._5-eV range, assom_ated
structure of the alloy to new quasi-equilibrium Conditions_W|th the b_eglnnmg of interband transitions between the fifth
Thus, it seems to us that the deposition onto a substrate at F?1'qd the sixth band, a feature at 4 eV caused by an electron

can be considered as a sort of quenching which retains th‘Ee)(C't""t'ont from. ';he gﬁh tptthe s'e\t/er:)th dbanbd netqr trge
high-temperature equilibrium down even at RT. -Symmetry point, and an intense intraband absorption be-
low Ziw~2 eV. The strong intraband absorption is also

manifested by a very large and negative value pfat #i w

FIG. 3. Experimental optical properties of a Au film. Insetdn
shows an expanded view of tlag spectrum.

24 1:2.4 <2 aV.
g (111) fecAu The optical properties of Fe filitsee Fig. 4 are also in a
o3l b3 great agreement with the experimeftd and
theoretical"~%° literature data exhibiting a strong interband
< absorption peak near 2.4 eV. This peak is known to be pro-
3 22r -2 duced by electron excitations mainly in the minority-spin
sub-bands which are located in the column of an irregular
21} 2.1 cross section rising normally from near the centef efi-N
(110) bec Fe B~e) plane in the irreducible wedge of the Brillouin zofte’®38
0 50 20 50 20 100 The optical properties of the investigated ,AyFe, alloy

films are presented in Fig. 5, together with those of Au and
Fe films for the comparison. In general, hieande, spectra

FIG. 2. Fe-content dependence of the interplanar spatifoy of the alloys do not exhibit any new feature that is not typical
the investigated Ay ,Fe, alloy films (solid circles. Line is a guide ~ for Fe or Au. However, the transition from pure Fe to the
for the eyes. Open triangles show the compositional dependence &fe-rich bcc Ay_,Fe, alloys leads to an expected redshift of
d for the equillibrium bulk Au-Fe alloys af = 1200 K (Ref. 25. the main absorption peak in the OC spedwae Fig. &)].

Fe content in the Au-Fe alloy fims (at. %)
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FIG. 5. Fittede, (a) and o (b,0 spectra for the investigated
Au,_,Fe alloy as well as Fe and Au filmgc) shows an expanded
view of (b).

FIG. 4. Experimental optical properties of an Fe filta) pre-
sents the spectra of andk, (b) shows the OC spectrum, arid)
presents the real part of the diagonal components of DF.

Indeed, the Fe-rich Au ,Fe, alloy films with the bcc type of  type of structurgand a hard (Ay_,Fe alloy films with the
structure have a larger lattice parameter than that of pure Hec type of structuremagnetic behavior. Thé,(H)/6,(950)

(see Fig. 2 This should induce a narrowing of the electron dependence for A& ;7; alloy film lies at the border
band structure towards the Fermi level. Therefore, the initiabetween two groups, which suggests an intermediate struc-
and the final states responsible for formation of this peak getural state in the film. The in-plane saturation was not
closer to each other, which produces a shift of the peak to thachieved for some of our samples. Hence, in order to com-
low-energy side. Furthermore, a reduced number of theare with the other samples, dirddi(H) measurements by
nearest-neighboring Fe atoms in the Fe-rich Afrg alloy  VSM were employed. In general, th&g(H)/5,(950) depen-
films with respect to pure Fe also weakens the interactiomlence obtained from the MO measurements is in a good
between Fe atoms and hence narrows the widthd®f8  agreement with théi(H) results. Therefore, in those cases
band. A further decrease in the Fe content dowrx4e0.8  where the saturation of MO response was not achieved at an
leads to the bcc-fce structural transformation in;AyFe,  ac magnetic field of 950 Oe, the experimental EKE spectra
alloy films, which is accompanied by the complete disap-were artificially “saturated” by using the corresponding scal-
pearance of the peak. This radical change in the optical prop-
erties of Ay_,Fe alloy films is an evidence for significant
changes in the electron energy structure caused by the struc-
tural transformation. On the other hand, a transition from Au
to the Au-rich Ay _,Fe, alloy with the fcc type of structure
induces a gradual blurring of the Au interband-absorption
edge with increasing.

> x=0.436
——x=0.590
—— %=0.690
—A—x=0.771
— A %=0.799
—e—x=0863

p

IV. MAGNETO-OPTICAL PROPERTIES

8(H) /3,(950)

The MO properties of a sample should be measured in a
saturated magnetic field. Therefore, the usual first step for —O—x=0.926
the MO experiment is to check the magnetic-field depen- Fe
dence of MO response. Th#(H) dependences for the in- 0 300 500 900
vestigated Ay_,Fe  alloy films are shovv_n in Fig. 6. It is _ AC magnetic field (Oe)
seen that the responses are changed significantly according
to x, and that the presented curves can be classified into two FIG. 6. An ac magnetic-field dependence of the MO response
groups bearing a soft (Au,Fe, alloy films with the bcc  for the invetsigated Ay Fe, alloy and Fe films.
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FIG. 8. EKE spectra measured@t 66° for pure Fe film(solid
©) line), and Ay _,Fe, alloy films with x=0.926(solid circles, 0.863
(open circley 0.799(solid up-triangles 0.771(open up-triangles
0.690 (open down-triangles 0.590 (solid diamonds 0.436 (open
diamond$ and 0.270(open squargs Dashed line shows the EKE
E\E/ig spectrum for bulk Fe, measured at 70° and plotted with a scaling
o . ) . . ) factor of 0.75(Ref. 40.
-09 -06 -03 00 03 06 09
Magnetic field (T) Menendezet al** They show that the grain-size effect can
o influence significantly on the MO response. Therefore, the
(@) smaller EKE value of our Fe film might be relevant to a
0.4t difference in the grain size between film and bulk Fe.
[ A transition from Fe to the Fe-rich Au,Fe, alloy films
5 0o with the bcc type of structure leads to a certain decrease of
L the MO response in the low-energy region and to a blue shift
of the low-energy maximum by about 0.2 eV. On the other
0.0

hand, the EKE value in the UV region is noticeably larger
than that for pure Fe showing a high-energy péak the
low-energy tail of a peak whose maximum is positioned be-

FIG. 7. Magnetic-field dependences of the magnetization an¢yond the investigated spectral rangg nearly the same in-
the MO response for the invetsigated AyFe, alloy films with the ~ tensity. It can be assumed that the high-energy peak has the
fcc type of structuré(a)—(c)]. (d) shows the Fe-content dependence Same origin as a peak at 5.5-6.0 eV in the EKE spectrum for
of the in-plane saturation magnetic field for the investigatedbulk Fe? Contrary to the low-energy peak, this high-energy
Au,_,Fe_ alloy films. one exhibits a redshift with decreasing Fe content.

The EKE spectra for Au ,Fe, alloy films with the fcc

ing factors determined from the comparison of tigH) type of structure have a substantially different spectral shape
and 6,(H) curves, normalized with respect to the respective(the low-energy peak is nearly absent or very weak, but the
values atH=0.095 T (see Fig. 7. Figure 1d) summarizes high-energy peak continues to shift to the low-energy )side
these results and shows the compositional dependence of thed significantly smaller values. The EKE spectrum for
in-plane saturation magnetic field for the investigatedAug,d&) 7 shows an extremely low intensityf any). Ac-
Au,_.Fe, alloy films. It is seen that ak=0.8, i.e., at the cording to Guire et al, the Curie temperatureT for
bee-fee structural transformation, the saturation field in-Au;_,Fe, alloy films reaches RT at about=0.202* which
creases abruptly with decreasirgSuch a behavior can be is close to our estimation fof: based on these MO mea-
explained, for example, by a noticeable perpendicular magsurements.
netic anisotropy formed in the Au,Fe_ alloy films with the Let us try to elucidate possible reasons for the EKE en-
fce type of structure. hancement in the UV region of spectra observed for

The experimental(and the artificially saturatedEKE  Au,_,Fe, alloy films with the bcc type of structure. It is
spectra for the investigated Au,Fe, alloy films, together clear that in this case the confinement effect, as suggested by
with the EKE spectra for film and bulk Fe, are presented inSuzuki and co-worke?Ps'?for the explanation of new struc-
Fig. 8. The EKE spectrum for Fe film reveals an intense peakures in the MO spectra of Fe/Au layered systems, has no
at 1.7 eV, which has an excellent resemblance in shape arglace and should be excluded, first of all, from our consid-
peak position to the literature data for bulk #dowever, its  eration.
magnitude is smaller by about 25%. The structural depen- It is well known that the MO response like EKE is deter-
dence of the EKE for Fe film was specially examined bymined by both MO and optical parameters of a medium. The

05 06 07 08 09 1.0
X
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transverse or equatorial Kerr effect observed at an angle of
incidence ¢ can be expressed with the diagonal and off- 8t
diagonal components of DF%s | [/ ]
el
o j .
Asi Bsé ) ,';33 O Experiment <
S,=2sin2p + (1) 4l 4 -=--Model 1
p L
A2+B2 A?+B? g =w=u= Model 2 AU, 157F €4 g6
where 8}
™ 6
A=¢,(2e,c0Sp—1), © 7
- b
f O  Experiment
. . 4r 4 ———-Model 1
B=(e5— 81)0052(,0-1— €1~ smch. f ------- Model 2 AU 0P e 774
1 2 3 4
Therefore, appearance of a new péakan enhancement Photon energy (eV)

of the MO responsein the UV region observed in the EKE
spectra for Ay_,Fe_ alloy films may originate from changes ~ FIG. 9. Experimental and simulated EKE spectra f@

in the optical parameters of alloy with respect to Fe. For aAUo.13#& gs3and(b) Aug .d~€ 771 alloy films shown together with
rough judgement for this possible reason, simulations of théhe experimental EKE spectrum for pure Fe film.

EKE spectra for the Fe-rich Au,Fe, alloy films have been )
carried out in the framework of effective-medium approxi- In order to un_derstand further the observed experimental
mation(EMA). In this procedure, a nearly linear decrease infesults, the off-diagonal components of DF were calculated
the magnetization of Au-Fe alloys with the decreasing gdor Au-Fe alloys with the bcc and the fcc types of crystallme
content was assumédWe also assumed that the only sourceStructure (Al 13F&gs3 and AthsFese, respectively

for the MO response from this alloy is the constituent Fe.and in the intermediate region (fde 77). For this
First, the off-diagonal components of the DF for Fe film Purpose, additional EKE measurements at the second
were calculated by using the measured EKE at two angles dingle of incidence (75°) have been carried out. The
incidence, the measured optical constants of Fe, andlEq. calculatede;(fw)? and e5(fw)® spectra, together with
The obtained spectra are coincident excellently with the pubthe corresponding spectra for Fe film, are shown in Fig. 10.
lished experiment4f and theoreticdl ~**results. We consid- The validity of the obtained off-diagonal components for
ered two models. The off-diagonal components of the DF of
Au,_,Fe, alloy were chosen to be those of pure Fe, scaled
by the Fe contents, i.e., &1 5y,  Fe)=Xe12¢e (iN model

1). In the second model, the enhancement of magnetic mo- <’

ment at the Fe sites, predicted by the théSrfor Au-Fe Ni'i
alloys with respect to pure Fe was also taken into account,

€., &1 o0, Fe)= EFXE1re), WhereEg is the enhance- a
ment factor. For both models, the measusgdinde, of the e

corresponding alloys were used as the diagonal components
of DF. The results are shown in Fig. 9. It is seen that
the simulated EKE spectra manifest two peaks shifted in
comparison with those of Fe, but that the positions are coin-
cident perfectly with the corresponding experimental ones.
However, for both models the magnitudes of the simulated
EKE spectra in thehw>3.5 eV energy range are smaller -0.5}
than the experimentally observed ones. The EKE spectra,
simulated for Ay_,Fe, alloy with smallerx (not shown
here, exhibit a worse correspondence with the experiment, -1.0 . . : . . . .
probably because of inadequacy of such an approach for 10 1.5 2.0 25 3.0 35 4.0 45

Au-Fe alloys far from the Fe-rich region. Thus, one can con- Photon energy (eV)

clude that the blueshift and redshi#ith respect to pure Fe FIG. 10. Calculated spectra fd¢a) the absorptive andb) the
of the low- and high-energy peaks, respectively, in the EKEgispersive parts of the off-diagonal components of DF fog Affe,
spectra for the Fe-rich Au,Fe alloy films result from dif-  ajioy films with x=0.59 (solid down-trianglels 0.771 (open up-
ferences in the optical constants between alloys and Feriangles and 0.863(solid circles. Solid and dashed lines present

while this factor does not explain the enhancement of MGQthe corresponding spectra of Fe film and (Aulge)ILF, respec-
responses from the Fe-rich AuFe, alloy films. tively.

104424-6



MAGNETO-OPTICAL AND OPTICAL PROPERTIES ©. .. PHYSICAL REVIEW B 67, 104424 (2003

these alloys and Fe film was checked by calculating the EKEan be achieved by performing the first-principles calcula-
spectra using Eq1). The calculated EKE spectra perfectly tions for the optical properties of these Au-Fe alloys, which
reproduce the corresponding experimental EKE ones. l@re underway.

Fig. 10, we also include the literature data for (Au/fge)

MLF which can be considered as an orderedy Afey 5o V. SUMMARY

alloy with an L1, type of structuré® All the spectra of

absorptive part of the off-diagonal components for DF have The summary is given in the following points.

a double-peak structer. a low-energy peak at 1.8 which (1) A set of Au,_,Fe, alloy films with 0<x<1 have
does not change the position by the fcc-bce structurabeen prepared by rf sputtering onto glass substrates kept
transformatiof, and a high-energy peak at about 3.3 evat RT. The XRD study revealed a fcc structure for
for the fcc type of structurdor for the intermediate one Aui—xFg alloy films with x<0.8, and a bcc structure for
and at about 4 eV for the bcc type of structgoe for pure Fe ~ X>0.80.

film). Thus, the further redshift of the high-energy peak in  (2) The EKE, OC, ande; spectra for Ay_,Fe, alloy

the EKE spectra of Au ,Fe, alloys with decreasing is films with the fcc and the bcc types of structure have been

induced additionally by ch in thg (% w)? spectra of ~Measured at RT.
g]llot;/cse additionally by changes in thg(%1»)” spectra o (3) The EKE spectra for Ay ,Fe, alloy films with the

It should be emphasized here that the magnitude of thle:)cc and the fcc types of structure showed noticeably differ-

— ént spectral shapes and magnitudes. Moreover, the MO re-
e4(hw)? spectrum for Ay 1576 gg3 alloy film is larger not P P g

¢ . sponse for the Fe-rich Au,Fe, alloy films exceeds that for
only than that of the fcc or the intermediate alloy, but alsopure Fe film.

that of pure Fe film. Such an enhancement cannot be ex- (4) A simulation of the EKE spectra for the Fe-rich

plained with a more perfect structure in this rangexdhan Au,_,Fe, alloys, made in the framework of EMA, allowed
the other because the structural superiority, if any, should bgs tg conclude that the observed blueshift and redghith
manifested more significantly in the optical propertiese  yespect to pure Heof the low- and the high-energy peaks,
Fig. 5. Furthermore, all the samples were prepared at theaspectively, in the EKE spectra of AuFe, alloy films are
same deposition conditions. ] ) caused by differences in the optical constants between alloy
To explain further the MO and the optical properties of 3ng Fe, while this cannot explain the enhancement of MO

Au-Fe alloys, we would like to refer to the previous first- rasnonse in the UV region of spectra for the bce AFe,
principles calculations made for Fe-based MLF. The origingjgys

of an enhanced MO Kerr effect from ultrathin Fe- or Co- (5) The optical properties of all the investigated alloys
based multilayers was theoretically studied by Guo angie petween those of pure Fe and Au. The OC spectra
Ebert****It was shown that, for Fe/Pt MLF, a greatly stron- ¢, Au,_Fe, alloy films with the bcc type of structure
ger spin-orbit coupling in the heavy Pt atoms is the predomiyre characterized by an interband absorption peak at 2.0 eV
nant microscopic factor. The magnetic moment of the Pt atynich has probably the same nature as an absorption peak
oms is mainly due to a direct hybridization between the spinyt 2 4 eV of Fe. This peak is completely absent in the

integrated Pt orbitals and the spin-polarized Fe orbitalsgc spectra of Ay Fe, alloy films with the fcc type of
In other words, through the direct orbital hybridization, g cture. *

a spin moment of the magnetic Fe atom is transferred to (6) The off-diagonal components of DF for several
the nonmagnetic Pt atom'and the strong spin-orbit COUp””Q\ul,XF@ alloy films and Fe film have been experimentally
of the heavy Pt atoms, in turn, affects the Fe atoms. Ayatermined. Thes)(fiw)? spectra exhibit a double-peak

similarity can be observed in a system comprising anothe, ture: K 1 hich
heavy metal Au, i.e., in Au-Fe alloy system. Indeed, thegtruc ure: a peak near 1.8 eiwhich does not depend on

. S : the composition or the structural state of ajlognd a
first-principles  calculations for [Fe(iML)/Au(nML) ]y high-energy peak. The latter is positioned at 3.3 eV for
superlattices with £n<6, wheren is an integer number

and ML denotes monolayer revealed that a structure near 453, %% % o\ "those with the boo sructure ae wel as
eV is ascribed to an optical transition from the for Ee film.

Au 5d state to the Au 5 hybridized with Fe 8 in the
minority-spin band. By the detailed analysis of the band
structure and the transition matrix elements, it was foun
that the structure around 4 eV in caserct 1 (equivalent

to Aupsdeso alloy) originates mainly from thed| —f|
transition at the Au sites, in which the final staté is
hybridized with the Fe (8]) state. In other words, this
transition can be regarded Asi(5d|)—Fe(3d|).% The ob-
served enhancement in thes)(hw)? spectra for This work was supported by the KOSEF through
Aug 13+ gez alloy film, with respect to Fe or fcc Au,Fe,  Quantum Photonic Science Research Center, by the
alloys, results probably from a competition between thisMOST, Korea, and by Korea Research Foundation
mechanism and an increase in the magnetization with inGrants(Grants Nos. KRF-2001-015-DS0015 and KRF-01-
creasing the Fe content. However, a more definite elucidatiobP0193.

(7) The structural bcc-fcc transformation leads to
n abrupt increase in the in-plane saturation magnetic
ield. This fact can be explained by the appearance of a
perpendicular magnetic anisotropy in the fcc phase of
alloy.

ACKNOWLEDGMENTS

104424-7



LEE, KUDRYAVTSEV, NEMOSHKALENKO, GONTARZ, AND RHEE PHYSICAL REVIEW B57, 104424 (2003

1T. Katayama, H. Awano, and Y. Nishihara, J. Phys. Soc. 86n.  22G.S. Krinchik and V.A. Arteme, Zh. Eksp. Teor. Fiz53, 1901
.2539(1986. (1967 [Sov. Phys. JETR6, 1080(1968].

23, Visnovsky, R. Lopusik, M. Nyvlt, A. Das, R. Krishnan, M. 22J.R. Beattie and G.M. Conn, Philos. Ma&f, 235 (1955.
Tessier, Z. Frait, P. Aitchison, and J.N. Chapman, J. Magn?*Binary Alloy Phase Diagramsdited by T.B. MassalskiAmeri-

Magn. Mater.198-199 480 (1999. can Society for Metals, Metals Park, OH, 198¢ol. I, p. 1100.
3R. Krishnan, M. Nylt, and S Vishovsky, J. Magn. Magn. Mater.  2°0.M. Barabash and Y.N. KovaGrystalline Structure of Metals
175, 90(1997. and Alloys(Naukova Dumka, Kiev, 1986 pp. 324-325.
4K. Takanashi, S. Mitani, H. Fujimori, K. Sato, and Y. Suzuki, J. ?°V.G. Padalka and I.N. Shklyarevskij, Opt. Spectroit, 527
Magn. Magn. Mater177-181 1199(1998. (1961).
SK. Takanashi, S. Mitani, M. Sano, H. Fujimori, H. Nakajima, and ?’G.P. Motulevich and A.A. Shubin, J. Exp. Theor. Ph¥g, 840
A. Osawa, Appl. Phys. Let67, 1016(1995. (1964).
K. Takanashi, S. Mitani, K. Himi, and H. Fujimori, Appl. Phys. 28P.G. Pells and M. Shiga, J. Phys.2C1835(1969.
Lett. 72, 737(1998. 29p Winsemius, H.P. Lengkeek, and F.F. van Kampen, Physica B &
K. Sato, A. Kodama, M. Miyamoto, K. Takanashi, H. Fujimori, C 79, 529(1975.
and T. Rasing, J. Appl. Phy87, 6785(2000. 303.H. Weaver, C. Krafka, D.W. Lynch, and E.E. KodBptical
8K. Sato, E. Takeda, M. Akita, M. Yamaguchi, K. Takanashi, S.  Properties of Metals in Physical Dat@achinformationszen-
Mitani, H. Fujimori, and Y. Suzuki, J. Appl. Phy®6, 4985 trum, Karlsruhe, 1981
(1999. 3IN.E. Christiansen and B.O. Seraphin, Phys. Rev4,B3321
9Y. Suzuki, T. Katayama, S. Yoshida, K. Tanaka, and K. Sato, (1971).
Phys. Rev. Lett68, 3355(1992. 32\/N. Antonov, A.l. Baglyuk, A.Ya. Perlov, V.V. Nemoshkalenko,
0w, Geerts, Y. Suzuki, T. Katayama, K. Tanaka, K. Ando, and S. O.K. Andersen, and O. Jepsen, Low Temp. Pigs689(1993.
Yoshida, Phys. Rev. B0, 12 581(1994). 33G.A. Bolotin, M.M. Kirillova, and V.M. Maevskij, Phys. Met.
Ly, Suzuki, T. Katayama, A. Thiaville, K. Sato, M. Taninaka, and  Metallogr. 27, 224 (1969.
S. Yoshida, J. Magn. Magn. Mater21, 539 (1993. 343.H. Weaver, E. Colavita, D.W. Lynch, and R. Rosei, Phys. Rev. B
12T Katayama, Y. Suzuki, and W. Geerts, J. Magn. Magn. Mater. 19, 3850(1979.
158-162 5364(1996. ] 35D.G. Laurent, J. Callaway, and C.S. Wang, Phys. Re20B1134
13| Uba, S. Uba, V.N. Antonov, A.N. Yaresko, Tlegak, and J. (1979.
Korecki, Phys. Rev. B52, 13 731(2000. 363 H. Sexton, D.W. Lynch, R.L. Benbow, and N.V. Smith, Phys.
v, Gavrilenko and R. Wu, J. Appl. Phy85, 5112(1999. Rev. B37, 2879(1988.
153.M. MacLaren, M.E. McHenry, S. Crampin, and M.E. Eberhart,3’Y.A. Uspenski and S.V. Khalilov, Zh. Eksp. Teor. F@5, 1022
J. Appl. Phys67, 5406(1990. (1989 [Sov. Phys. JETBS, 588(1989].
167 P. Shi, J.F. Cookie, Z. Zhang, and B.M. Klein, Phys. Re&48  ®P.M. Oppeneer, T. Maurer, J. Stricht, and Jblas, Phys. Rev. B
3030(1996. 45, 10 924(1992.
M. Ichimura and A. Sakuma, J. Magn. Magn. Maté77-181  °°N. Mainkar, D.A. Browne, and J. Callaway, Phys. Rev.5B
1311(1998. 3692 (1996.
183 T. Wang, Z.Q. Li, Q. Sun, and Y. Kawazoe, J. Magn. Magn.*°G.S. Krinchik and V.S. Gushchin, Zh. Eksp. Teor. F55, 1833
Mater. 183 42 (1998. (1969 [Sov. Phys. JETR9, 984 (1969].
%W, Felsch, Z. Angew. Phy9, 217 (1970. 41JL. Menadez, G. Armelles, A. Cebollada, D. Weller, and A.

20B. sanyal, P. Biswas, T. Saha-Dasgupta, A. Mookerjee, Ain-ul Delin, Phys. Rev. B52, 10 498(2000.
Huda, N. Choudhury, M. Ahmed, and A. Halder, J. Phys.: Con-**G.S. Krinchik, Physics of Magnetic PhenomefdGU, Moscow,

dens. Matterll, 1833(1999. 1976.
21T R. Guire, J.A. Aboaf, and E. Klokholm, J. Appl. Ph¥2, 2205 43G.Y. Guo and H. Ebert, J. Magn. Magn. Mat&B6, 173 (1996.
(1981). 44G.Y. Guo and H. Ebert, Phys. Rev.®, 12 633(1995.

104424-8



