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Properties of spin-polarized Pt in magneto-optical C#Pt multilayered films
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The magneto-optical and optical properties of the Co/Pt multilayered €\hE) with a nearly constant Pt
sublayer thickness and variable Co sublayer thickness, as well as pure Co and Pt gifth Galloy films
have been investigated in the 1.1-4.7-eV energy range experimentally and by solving the multireflection task
for various models of MLF. The comparison between experimental and computer-simulated optical properties
of the Co/Pt MLF allowed us to evaluate the thickness of the interfacial regions with the alloyed components.
The diagonal and off-diagonal components of the optical conductivity tensor were calculated for the spin-
polarized Pt layers in the Co/Pt MLF as well as for the pure Co argk£t 49 alloy films, and the whole
Co/Pt MLF. It was experimentally shown that the structural lidg- transformation in the Gg;Pty 49 alloy
film caused by an annealing at 610 K for 240 min leads to significant changes in the optical and magneto-
optical properties of alloy.
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[. INTRODUCTION studies of the Co/Au system grown by the molecular-beam
epitaxy? ultrathin Co and Fe layers sandwiched by #d?
The intense study of the magneto-optigdlO) properties and Fe/Zr and Co/Ti MLFHRefs. 13 and 14 provided an
of Co/Pt multilayered filmgMLF) as well as the Co-Pt alloy evidence that the optical behavior of the ultrathin layes
films has been performed in recent decade because of thew a certain “critical” thicknes$ is obviously different
fundamental interests in these syste(ios example, the in- from that of the thick film. Atkinson and Dodd also have
duced magnetic polarization effect in the nonmagnetic Pshown that, for Co/Cu MLF, owing to an increased scattering
sublayergand of their potential for the practical applications at the interfaces the bulklike optical constant of Cu the sub-
such as storage media. The prominent Kerr rotation in théayer must be modified by adjusting the relaxation time as-
near ultraviolet(UV) region of these systems is usually at- sociated with the conduction electrons in order to explain the
tributed to the MO response from the spin-polarized Pt subexperimental spectr&.
layers caused by the exchange splitting of the dPtevels. In The origin for the deviation of the optical and MO param-
spite of a huge number of publications devoted to the experieters of the thin metallic sublayers in the MLF from the
mental and theoretical study of these systéRefs. 1-6 and corresponding bulk values is usually linked with discontinu-
references thereinand of some attempts to determine theity, roughness and inhomogeneity of the very thin sublayers.
MO properties of the “magnetic” Pt, for example, under- In order to take into account these possible reasons, the
taken by Sato and co-workers by analyzing the MO spectranodified effective medium theory was employed for describ-
of Fe,Pt;_, alloys/ the MO properties of the “pure” spin- ing the MO properties of the Co/Pt MLFe.
polarized Pt sublayers have not been extracted confidently Some theoretical attempts to interpret the experimental
yet. MO data for the Co/Pt MLF had no success without taking
Our knowledge on the MO properties and real structuresnto account the interfacial regioAsTherefore the idea of
of the MLF may be verified by a comparison between ex-existence of the interfaces with the mixed components sepa-
perimental and computer-simulated MO and optical datarating the pure sublayers was employed for interpreting the
based on an appropriate model for the properties and struexperimental results for the ML¥:'® A reasonable agree-
tures of the constituent sublayers. The use of the bulk MAnent between experimental and simulated MO, and optical
and optical parameters for the description of the properties aflata was achieved for variousld'M based MLF by intro-
very thin films(a few tenth nm in thicknegss questionable. ducing the model of MLF with mixed interfaces and by em-
On the other hand, it has been shown that the experimentallgloying the corresponding bulk MO and optical parameters
observed MO and optical properties of thel &ansition-  for the constituent sublayetd!#417:18
metal (TM) based MLF are well explained with the electro-  Another quantitative agreement between experimental
magnetic wave model employing the bulk optical constantand modelled Kerr rotation spectra was also achieved by
and the MO parameters of the constituent subla§dfer ~ Weller and co-workersfor the Co/Pd MLF by solving the
example, according to the results in Ref. 9, the bulk MO ancequations of the electromagnetic wave theory based on a
optical properties, and hence the band structures are présur-component periodic medium  “Colinterface/Pd/
served down to 2.0 nm in thickness. Nevertheless, recerinterface,” where a spin-polarized Pd was chosen for the
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TABLE I. The parameters of the investigated Co/Pt MLF. No. is details of the relevant sample preparation and structural
sample numberdcqpy is the measured thicknesses of the @ analysis can be found elsewhér€.
sublayers, and is the total thickness of MLF. The field dependence of magnetization for the Co/Pt MLF
was measured using a vibrating sample magnetometer
No.of  deo  dp X thickness  Cocontent (ySM) at RT in a magnetic field up to 1.0 T for an in-plane

No.  bilayers (nm)  (nm) (nm) (at. % geometry. The optical propertieghe real and imaginary

1 50 0.38 1.34 89.0 23.9 parts of the complex refractive inded=n—ik) of the

2 50 046 1.36 90.7 27.3 samples were measured at RT in a spectral range of 260—
3 44 069 1.25 89.0 380 1130 nm(4.7-1.1 eV at a fixed incidence angle of 73° by

4 40 090 144 93.5 40.9 the polarimetric Beattie techniqd@ The obtained values of

5 33 189 143 1095 59.4 n andk were used for calculating the spectral dependence of

the real €4) and imaginary £,) parts of the diagonal com-
ponents of the dielectric functio(DF) (for polycrystalline

interface. For these calculations the tabulated optical corfiMS: €xx=Eyy=#z;= €1~ &), and also of the opt|2cal con-
stants for Co and Pd as well as literature data for the spindUctivity [OC: (0)] by using the expressions; =n“—k*,
polarized Pd were taken. Nevertheless, such an approach fgﬁzrfcr;kbfﬁgﬁ(ﬁw):82“’/47” wherew is the angular fre-
the Co/Pt MLF failed partly owing to the irrelevant input o
data. The origin for the discrepancy between experimental '€ MO equatorial Kerr effedEKE) of the Co/Pt MLF,
and simulated data may originate from an inadequate mod nd CQ-51Pt0-49 alloy and pure Co films was mgasurgd atRT
for the crystalline structure, and improper use of the opticaP¥ the dynamical method using tpeplane polarized light at
and MO constants for the constituent sublayers, differenfV0 @ngles of incidence56 and 75°) in a spectral range of
from the real ones. 260-1130 nm4.7-1.1 eV and in an ac magnetic field of_3
This work is devoted to the determination of the ownKO®. The EKE valueg,=Al/l,, is the relative change in
contribution from the spin-polarized Pt sublayers, induced byntensity of the reflected light, caused by the magnetization
a proximity effect with the Co layers, to the total MO re- of the sample in an exterqal mag'netlc field directed trans-
sponse of the Co/Pt MLF by comparing their experimentalVersely to the plane of the light incidence. The resj)(and
and computer-simulated MO and optical properties made ifmaginary ;) parts of the off-diagonal components of the
the framework of various models for the MLF structure.  DF (5,,— —&y,—i¢',e'=¢ej—iep) for the investigated
The paper is organized as follows: Sec. Il contains a briebamples were determined by using the algorithm in Ref. 20
description of the experimental procedure and the details aind the experimental results of the optical study and the MO
the computer simulation, the obtained experimental data angheasurements at two angles of incidence.
simulation results are analyzed and discussed in Sec. lll, and
Sec. IV summarizes and concludes the paper. B. Simulation details

It is well known that the skin penetration depth in metals

Il. EXPERIMENTAL AND SIMULATION DETAILS depends on their optical properties aad and is about 20
nm for most metals. Therefore it is clear that, in our case, the
reflected electromagnetic wave from the surface of MLF car-

Co/Pt MLF with a nearly constant Pt sublayer thicknessries information on about ten surface sublayers. The theoret-
and a variable Co sublayer thickness were prepared ontieal simulations ofé,, o, ande, spectra for the Co/Pt MLF
glass substrates at room temperat{R&) by the computer- were performed by solving exactly a multireflection problem
controlled double-pair target face-to-face sputtering techby using the scattering matrix approaéhassuming either
nique. The parameters of the Co/Pt MLF are presented ifisharp” (ideal interfaces resulting in rectangular depth pro-
Table I. The top layer of all the Co/Pt MLF was Pt. files of the components or “mixed(alloylike) interfaces of

It is well known that the optical constants of metals de-variable thickness between pure metal sublayers. The num-
pend on their structure, and her(@er the case of thin films  ber of the constituent sublayers, their nominal thickness and
on the deposition conditions. Therefore, in order to secure iptical properties, and also the angle of incidence were the
the simulation the optical parameters of the constituent subinput parameters for the simulation. The measured optical
layers of MLF, C@ 5,Pt 49 alloy film as well as pure Co and and MO parameters of thickoulklike) pure Co and Pt films,
Pt films of about 100 nm in thickness were also prepared adnd the Cgs.Pty 49 alloy films were also employed in these
the same deposition conditions, and their optical propertiesimulations.
were measured, too. The as-depositeq £l 49 alloy film It should also be noted that the sharp interface between
was cut into two parts and one half was put into a vacuunsublayers is considered as the ideal case, and the mixed in-
chamber and annealed at 610 K for 240 min in a highterface seems to us more probable. In case of the mixed
vacuum of 1X10 ° Pa. It was shown earliEt that such a interfaces, the transition from the Co to Pt sublayer encoun-
preparation conditions allow us to obtain the,G#h 40 al-  ters a transitional region where the B4 _, alloy concen-
loy films in a disordered state with the fcc lattidas- tration is gradually changed from a Co-rich @4 _, alloy
deposited sampleand in the ordered tetragonal phase ofto a Pt-rich CqPt;_, alloy through the equiatomic CoPt. In
AuCu | (L1y) type withc/a=0.974(annealed sampleThe  other words, such an interfacial region can be expressed by a

A. Experimental procedure
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For a magnetically ordered medium in a magnetic field, the
complex refractive indices for the lef{)- and right

o (+)-circularly polarized light can be defined as
Pt =y o~ = e~ o~
Ntzsxxilsxyzsxx(l"‘Q)a (4)
CoPt alloy . . . . .
while, for a nonmagnetic medium, this expression can be
Co Co transformed into
SoRvallcy N2="¢=e1—ie=(n—ik)*>=(n’—Kk?) +i2nk. (5)
Pt Pt
CoPt alloy C. Optical properties of the MLF
Co Co Let us consider the MLF consisting of
1,23...,,...,m parallel, isotropic, and homogeneous

layers which are put between a semiinfinite ambient medium

(0) and a substratar(+1). The complex refractive indices

of the medium and substrate a¥g andN,,. 1, respectively.

interfaces, which were used in the simulations. electromagnetic wave which propagates forward and back in
an arbitrary plane. E for different planeg’ andz” must be

set of CqPt _, alloy planes with different compositions. On connected by the reorganization

the other hand, the thickness of this interfacial region cannot

be larger than a half of the bilayer period, and is usually E*(z") Sii S E*(Z")

around 1 nm. For example, Co/Zr MLF turn out to have an E~(2) = S, Sy E- ("))’

interfacial region of 0.8 and 1.2 nm for a bilayer period of

6.7 and 9.7 nm, respectively, and Fe/Zr MLF also show aror, in a shorter way, Eq6) can be rewritten as

interfacial thickness of 1.0 nm or less in the case of a bilayer .

period of 5.2 nmt3 In addition, the alloys of one or two E(z')=SEZ"), @)

monolayers thick have no significant physical meaning foryhereS s the so-called scattering matrix

the relevant properties. Therefore the equiatomic CoPt alloy

is considered as an idealized approximation representing the Si1 S

actual interface structure and simplifying the simulation of :(Sz S, )

the optical and MO properties of the Co/Pt MLF with mixed N

interfaces. The models which were used in the simulations of The scattering matri® for such a MLF can be expressed

the optical and MO properties of the Co/Pt MLF are a5 a result of the multiplication of the reflection and phase

sketched in Fig. 1. matrices,| andF, respectively, for each boundary and layer,
The complex DFe for a magnetic medium magnetized respectively

along z axis with threefold or higher symmetry abautixis

(@ (®)

(6)

®

has the following form: S=loiF1liFo 1 yFi TmmeyFmez- (9
~ ~ The reflection matriX;; . 1) describes the reflection between
Exx exy 0 jth and § +1)th adjacent layers,
e=| —&y, €y O |, (1)
. Xy Oyy B - _ 1 1 R](J+l)) (10)
o2z O TG \Rigey 1)
where, in general, the diagonal and off-diagonal terms argvhere the Fresnel coefficients of reflection and transmission
complex. Introducing the complex Voigt parameter betweerj andj+1 boundariesR;(; 1y andTj 1y, respec-
~ tively, are calculated for the ands polarizations by using
~ e ion i i N.=n —ik.:
o= @) the complex refraction index fqgith layer,N;=n;—ik;;
Exx ~ o ~o o~ ~ o~ o~
_ _ Rp _N]AJ+1_NJ+1A] p N 2NJN]+1AJ+1
i i i = i(+1)~ = 2% ~5 =+ i(+1)T T 2% =5 =
and assuming that, for po!ycrystalllne matena@x gyy 1(G+1) szAj+1+Nj2+1Aj 1G+1) NjZAJ_HjLNJ?HA]_
=8,7, Exy=184Q; Q=0Q1—1Q,, we obtain (11
1 —id 0 and
e=¢ i0 1 of. (3 ~j+1—ﬂj ZAj+1
| 19 Rin=z = T~ 5 (12
0 0 1 Ajr1TA; Ajr1TA;
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whereA; = VN?—sing and ¢ is the angle of incidence.
The phase matri¥; for the jth layer can be defined as

ed 0
Fizlo  gia): 13

-
o
T

e
3
T

el
o

®  3(H) - experiment
B extrapolation
....... asymptote

—— M - experiment

where 25;=4m(d; /A)Nj cosg;, d; is the thickness of the
jth sublayer, and is the light wavelength. Thus it is clear
that the knowledge about the optical constants of each layer,
the thickness and the angle of incidence are enough for cal- =
culating the resultant scattering matrix for the whole MLF. 6000 4000 2000 0 2000 4000 8000
After matrix S being calculated, the ellipsometric angles, Magnetic field (Oe)

V¥ and A, for the whole MLF(as if the material is actually

homogeneoyscould be obtained by using the main equation  FIG. 2. Extrapolatior{dash-dot-dgtto the saturation levedot)
of ellipsometry of the experimentals,(H) dependence for sample (ircles, to-

gether with the magnetization lodpolid) obtained by VSM.

M(H) / M(3000) & 5(H) / 5(3000)
. =3
[

IR
=3

. b, S
tan\IIXe'A=il><—ll. (14) N2 N2
S Sh ) ., Neern+—Neern-
TG I Oy e S— (22)
While the ellipsometric angles are determined by using Eq.
(14), the effective optical constants.s) andkr for the The transverse or equatorial Kerr effect for the whole

whole MLF can be calculated from the equations for theMLF can be expressed As

optical invariants,
’ ’
AXeiern BXeger

A2+ B2 A2+ B2

2 2 : .
e1(eth = Nern ~ Kiern=Sine dp=2sin2p X , (23

cog 2V —sir? 2¥sir? A | where
(1—sin2¥ cosA)?

X | 1+tarfe

A=ep0etnX (2811 X COS@—1),

and .
B= (Sg(eff)_ Si(eff)) X coSp+ 81(eff)—5|n2<P-

€2(ef) = 2N(etnKetn =2 sirfe tarfe

cos 2F X sin 2¥ X sinA Ill. RESULTS AND DISCUSSION

(1—sin2¥ X cosA)?

(16)

Figure 2 presents the magnetization loop, together with
the magnetic-field dependence of the MO response for
sample 4. It is seen that an ac magnetic field of 3 kibe
maximum field available to Qgs not enough to saturate the

According to Eq.(4), the complex refractive indices of MO effect. The other investigated Co/Pt MLF exhibit nearly
each layer for the right- and left-circularly polarized light can the same field dependencedy, but with a different asymp-

D. Magneto-optical properties of the MLF

be defined as tote. Therefore the saturated values of the EKE for the inves-
Yy~ - tigated Co/Pt MLF were determined as the asymptotic limit
N%j=exxi(1—-Qj), (17 of the extrapolated experimentdy(H) data. Then, the raw
Yy~ - experimentals,(7w) dependencies ai =3 kOe for all the
NZj=exxj(1+Qj). (18 investigated Co/Pt MLF were artificially “saturated” by

. . . multiplying the corresponding “saturating” factors. These
Usmg th.e same formahs.m, Wh'?h was employed for the dei‘actors lay between 1.038 and 1.165. Such a significant ac
termination of the effective optical constants for the whole

MLF, and Eqgs.(17) and (18), the effective complex refrac- magnetic field necessary fqr the in-plane saturationspf
L . . . ) allows us to suppose the existence of a remarkable perpen-
tive indices for the left- and right-circularly polarized light

can be determined, and then the effective diagonal and Oﬁ(jicu_lar magnetic anisotropy in_the investigated Co/Pt MLF.
diagonal componer'ns of the DF can be also obtained: Figure 3 shows the experimental EKE spectra for the

Co/Pt MLF ate=66°. The EKE spectrum for a pure Co film

_ N(Zeff)++N(2eff)f is also shown for the comparison, which exhibits a small
Exxefh) = 5 (19 maximum(or shoulder near 1.6—1.7 eV and an intense peak
near 4.25 eV. It should be mentioned here that the obtained

N2 ~ N2 results for the Co film are in a reasonable agreement in peak
(eff)+ (eff)—

Qetn=—5 > , (20) position and intensity with the corresponding data for the
Netp)+ + N - crystalline bulk as well as for the thin amorphous f#f#In

5 5 _ general, the EKE spectra for the investigated Co/Pt MLF

Exyetn= ~ I ExxetnQefn = (21)  conserve the shape of the Co spectrum. Furthermore, in the
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a (10" s7)

15 20 25 30 35 40 45

Photon energy (eV) St
FIG. 3. Experimental EKE spectra for the Co/Pt MLF at 1ot
=66°. The EKE spectrum for a pure Co film is also shown by solid « F ‘°—;
. - o ——
line for the comparison. 15| 4P 3
of —a—y
visible and near infraredIR) regions of the spectrafif 20 Ld —v—5

<3 eV), the EKE values for the Co/Pt MLF are nearly pro- . . . . . . : :
. . . . . 1.0 t5 20 25 30 35 40 45
portional to the Co content in the film, while this correspon- Photon energy (eV)
dence is disturbed in the UV region: the valuessgffor the
Co/Pt MLF are nearly the same as for the Co film or even giG. 5. Experimentala o and (b) &, spectra for the Co/Pt
higher. The similar behavior was also observed for the aASMLF. The corresponding ande, spectra for pure Co and Pt films
deposited and annealed §gP1, 49 alloy films (see Fig. 4. It are shown by solid and dashed lines, respectively.
should be mentioned here that the EKE spectra for two struc-
tural states of the alloy films are noticeably different, exhib-same regularities are also observed for the experimental
iting a prominent influence of the local environment on thespectra of the real parts of the diagonal components of the
MO response of the alloy. DF for the Co and Pt films: the,(%w) values for both films
Figures 5 and 6 present the experimentande, spectra increase in absolute value with decreasing photon energy,
for the investigated Co/Pt MLF and the &GPt 4 alloy  being negative in the whole spectral range. Thus it can be
film, respectively, both together with the spectra for the pureconcluded that the absolute valuessgf and e, for the Pt
Co and Pt films. The optical conductivity for both Co and Pt
films gradually increases with decreasing photon energy, re-
vealing a small shoulder near 1.8 eV for the Co film. In 70k (a)
general, the experimental spectra for the Co and Pt films
agree with other experimental results on the bulk and thin-
film samples®>~28 According to the theoretical calculations
of the electronic structure and optical properties of Co, the
main optical absorption is due to the electron excitations
within minority-spin subband® It should be mentioned here
that o (and hences,) for the Pt films is larger than the Co
film in the whole investigated spectral range. Nearly the

o (10" s7)

S (b)

10 15 20 25 30 35 40 45

1.0 15 20 25 30 35 40 45 Photon energy (eV)

Photon energy (eV)
FIG. 6. Experimental(@ o and (b) ; spectra for the as-

FIG. 4. Experimental EKE spectra for the as-depositaétles depositedcircles and annealedtriangles Coq 5Pt 49 alloy films.
and annealedtriangles Coy 5Pt 49 alloy films at ¢=66° (solid The correspondingr and ¢, spectra for pure Co and Pt films are
symbolg and ¢=75° (open). shown by solid and dashed lines, respectively.
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FIG. 7. Calculated:; X (fiw)? (solid circles, solid triangles and FIG. 8. Simulatedfor the case of sharp interfageSKE spectra

solid ling) ande, X (hw)? (open circles, open triangles and dashed at ¢=66° for hypothetical 48 (0.90 nm Co/1.44 nm Sp) MLF,
line) spectra for pure Co filn{solid and dashed lingsand the  where Sp is the ferromagnetic C¢1” ), nonferromagnetic Pt
as-depositedsolid and open circlgsand annealegsolid and open  (“2” ), or nonferromagnetic Cd“3” ). The experimental EKE
triangles Caqy 5:PY 49 alloy films. spectra for pure Co filnfcircles and sample 4solid triangle$ are

. . . . . also shown for the comparison.
film are always larger in the investigated energy region than

the corresponding ones for the Co film. In general, the extg a significant increase in a magnitude of the main peak with
perimentalo (7o) ande, (2w) spectra for the Co/Pt MLF lie 3 shift to the higher energy side. The noticeable changes are
between the limits marked by the corresponding depengiso observed in the)  (fiw)? spectra: the structural order-
dences for the Pt and Co films, nearly showing the propory,g causes the formation of a wide maximum near 3 eV. The
tionality to the Color Py content in the MLF(see Fig. 5. On  gpiained experimental spectra agree with results of the first-
the other hand, ther(fw) and e,(fiw) spectra for the  yrinciples calculations. According to the theoretical results
Con51Plo.49 alloy films, in spite of belonging again to the of ypa and co-workerd,the absorptive part of the off-
regions set by the Co and Pt borders, manifest_ the noticeablﬁagonm component of the DF for CoPt alloy exhibits an
dependence on the structural state of allsge Fig. 6. intense absorption, whose magnitude is twice larger with re-

For the simulation of the MO properties for the Co/Ptgpect to Co in the UV region. The dominant contribution to
MLF with mixed (alloylike) interfaces between pure Co and the £4X (hw)? in the 1-6 eV region comes from transitions

Pt sublayers, the off-diagonal components of the DF for Cq, yhe ynoccupied states lying in a rather narrow energy in-

and CoPt alloy must be determined. Figure 7 shows the ca erval of ~1 eV just aboveEg . These states are formed by

culatede; X (hw)? and e, X (hw)? spectra for the pure CO  the strongly hybridized Cd and Ptd electrons.
and C@ 5P 49 alloy films. The same calculations have been | order to test the software and the simulation process,
also performed for all the investigated Co/Pt MLF. the EKE spectra for hypothetical MLF, which consists of
The MO properties of pure Csozgh%ve been investigateqerromagnetic Co layers and spa¢sp) layers(ferromagnet-
experimentally and theoreticalf?>?°-3* The obtained re- ic Co, nonmagnetic Co or nonmagnetio,Rind which have
sults for the pure Co film in the present work show an eX-he same nominal structure as the sample 4, ie., 40
cellent agreement with published data. It is seen in Fig. 6 thak(o_go nm Co/1.44 nm Spwere calculated for the case of
the £5X (hiw)? spectrum for the Co film shows two tiny fea- sharp interfaces. The results are shown in Fig. 8, together
tures near 1.6 and 4.2 eV and a wide plateau between theRgjith the experimental EKE spectra for the pure Co film and
According to Ubzet al,® or Uspenskij and Khalilod) these  the Co/Pt MLF(sample 4 It is an evidence for the correct
peaks should be located at 1.7 or 1.5 eV and 4.2 or 4.3 e\gjmulation process that the EKE spectrum for the pure Co
respectively. The dispersive part of the off-diagonal compoijm coincides with the simulation with the ferromagnetic Co
nent for the DF ¢} X (fiw)?, for the Co film decreases gradu- as the spacefactually, a pure Co film of 93.5 nm in thick-
ally with photon energy, intersecting the zero line near 2.2nesg. It is also seen that the simulatég spectrum with the
ev. nonmagnetic Pt spacefsurve 2 in Fig. 8 has about of a half
First of all, it is necessary to emphasize that &g, of the intensity for the simulation with the nonmagnetic Co
X (hw)? spectra for both structural states of the,G®% 49  spacergcurve 3 in Fig. 8. This clearly shows an interplay of
alloy film are significantly different. Such a behavior exhibits the optical parameters of the constituent sublayers on the
an influence of the local environment on the spectral shapeesultants,, for the MLF. Apparently, because the real and
and value of the MO effect of this alloy. The high structural imaginary parts of the DF for pure Pt are larger with respect
sensitivity of the MO effect for FePt and CoPd alloys wasto pure Co, the effective; ande, in the case of nonmag-
also observed® 3" The e,X (hw)? spectrum for the as- netic Pt spacers become bigger compared with the case of
deposited CgsiPy49 alloy film reveals a prominent peak nonmagnetic Co spacers. According to E2B), the increase
near 1.7 eV and a wide intense absorption peak in the visiblen the effectivee; ande, should lead to a decrease 4.
region. The transition from the fcc to orderéd, phase The intensity of the simulated EKE spectra for all the
leads to a reduced intensity of the low-energy peak and alsimvestigated Co/Pt MLRbased on the sharp interfaces and
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nonmagnetic Pt sublaygrscrease with the overall Co con-

. . . Co - experiment
tent in the MLF, repeating the experimentally observed regu- 701 —— Pt - experiment (@)
. .. . —O0— MLF No. 5 - experiment
larities. In the V|S|_ble and near IR region of spec'grfaw( o — = MLF No. 6 - model, sharp nterlace
<3 eV) the magnitudes of the experimental and simulated R MLF No. 5 - mixed interface 2

----- MLF No. 5 - mixed interface 4

EKE spectra are comparable, while in the UV region the
discrepancy between them increases with photon energy: the
experimentals,, for all the investigated Co/Pt MLF exceed
the simulated ones. This is clearly illustrated in Fig. 8 for
sample 4. Naturally, the origin of such a significant discrep-
ancy connected with the appearance of additional contribu-
tions to the resultant MO response of the Co/Pt MLF. This
effect might be explained by the optical interfereftelow-

ever, we believe that the interference effect could not be
responsible for the additional MO response in the UV region,
because the optical wave path at the employed angles of 10t
incidence is much shorter than the wavelength in the whole -
spectral range.

Usually such an additional contribution to the resultant
MO response of the Co/Pt MLF is thought to be attributed to
the spin-polarized Pt sublayef©n the other hand, the in-
terfaces between pure Co and Pt sublayers in the real Co/Pt
MLF is not ideal, other sources for the additional contribu-
tion to the resulting MO response from Co/Pt MLF should be
considered. As evidently seen in Fig. 4, the,G@1t 49 alloy FIG. 9. Simulated(@ o and (b) e; spectra for the 33
films exhibit a prominent EKE whose magnitude is evenx(1.89 nm Co/1.43 nm Pt) MLEsample 5. The mixed interfaces
higher thang,, for the Co/Pt MLF. Therefore an additional of 5(“1,”“2" )and 10(“3,” “4” ) in thickness were modelled by
contribution to the resultant MO response of the Co/Pt MLFemploying the optical constants of the as-depositéd’ “3” ) and
seems to be probable from the alloylike interfacial regions. annealed2,” “4” ) Coy 5Pl 40 alloy films. Only “2” and “4”

The uncertainty in the determination of the sources can bere presented to avoid the confusion due to a crowd of data. The
reduced by performing the simulations of the optical proper<orresponding experimental specti@rcles as well as those for
ties of the Co/Pt MLF. These simulations may allow us topure Co(solid line) and Pt(thin solid ling films are also shown for
determine the real structure of the Co/Pt MLF. The thickneshe comparison.
of the mixed interfaces in these simulations was considered o )
as a variable parameter and was chosen in order to obtain tife SPectra for the Co/Pt MLF originate from a more compli-
best coincidence between experimental and simulated optic§fted structure of the real interfaces and/or thickness depen-
properties for all the investigated Co/Pt MLF. Figure 9 pre-dence of the optical constants. .
sents(as an examplethe simulated optical properties for one [N order to determine the additionéh the comparison
(sample 5 of the investigated Co/Pt MLF. The aforemen- with _the simulation MO contribution of the Co/Pt MLF, we
tioned structure models were employed: sharp interfaces, argPplied the same approach as was employed for the calcula-
mixed interfaces of variable thickness. The optical propertiedion of the off-diagonal components for the pure Co and
of the mixed interfaces were approximated by those of th&%.51Pl.49 alloy films. First of all, the differences between
as-deposited and annealed Gt 49 alloy films. It is no- experimental and simulatdtbr the case of mixed mtgarfgc)es
ticed again that the optical properties of the, Gt 4o alloy EKE spectra_of the Co/I_Dt MLF at two angles of |nC|_den_ce
films depend significantly on the alloy structure as clearlyWere determined. In this case the additional contribution
seen in Fig. 6. Because of a possible oxidation of the Co/PRises mainly from the spin-polarized Pt sublayers. Thus we
MLF, which can lead to some parallel downward shift of thecan estimate the lower and upper limits for the MO proper-
experimentale, spectra, the focus was given to obtain the!i€S of the spin-polarized Pt sublayers in the investigated

best agreements in shape between of the both experimenﬁP/Pt M'—F- ]
and modelledr, ande, spectra. In this way, we obtained the; X (fw)? and e, X (hw)?
Even though the complete coincidence was not reached, #P€ctra attributed to the spin-polarized Pt sublayers, as
can be concluded that the model of MLE with mixed inter- Shown in Figs. 10 and 11. It is seen that these spectra exhibit
faces of 0.5, 0.9, and 1.0 nm in thickness for samples 3, 4 rather general behavior: the absorptive part of the off-
and 5, respectively, offers the closest approximation to th&liagonal components of the DF, the X (fiw)? spectra,
experimental data. The estimated thicknesses of the mixeshow two prominent peaks near 1.3 and 4 eV, and also a few
interfaces are in a reasonable agreement with a estimatidiny peculiarities in the visible region, while the| X (fiw)?
made by Angelakeris and co-workers for the Co/Pt MLFspectra exhibit a gradual decrease in value with photon en-
prepared by a dual electron-beam evaporation in a UH\ergy, intersecting the zero line near 2.7-3.5 eV and produc-
condition?’ It can be also supposed that observed slight dising a wide plateau in the visible region. The absorptive peak
crepancies between experimental and best-simulateghd  near 1.3 eV in the:, X (hw)? spectrum near 1.3 eV can be

o (10%s™)

Co - experiment
——— Pt - experiment
—0— MLF No. 5 - experiment

=== MLF No. 5 - model, sharp interface
—-=<=MLF No. 5 - model, mixed interface 2
----- MLF No. 5 - model, mixed interface 4
L ! ! f

1.0 15 20 25 30 35 40 45
Photon energy (eV)
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FIG. 10. Extracted:,X (%w)? spectra for the spin-polarized Pt FIG. 11. Extracted:; X (fiw)? spectra for the spin-polarized Pt
sublayers in the Co/Pt MLFa) sample 3,(b) sample 4, andc) sublayers in the Co/Pt MLKa) sample 3,(b) sample 4, andc)
sample 5, using the simulated results based on the mixed-interfacample 5, using the simulated results based on the mixed-interface
(open circles model. (open circles model.

considered as unexpected, because no prominent featureg’t'tﬂz)kﬂyer thickness, as well as pure Co, pure Pt, and
observed around this energy in the experimental EKE spectré00 <P alloy films were investigated. It was shown that

of the_mvestlgated Co/Pt MLF. On the other hand,_ SL_I(_:h qpe MO response for the Ga,Pt 40 alloy film is higher with
behavior can be understood when we rgmlnd the S|gn|f.|canrespect to the Co/Pt MLF with corresponding composition
growth of thes (and hences,) and e, with a decrease in :

photon energy for the Pt film. Then, according to E2@), (i_i) It was experimentally revealed that a change in local

the MO response decreases with the increassiande. environment caused by the structural fct, transformation
The results in Figs. 10 and 11 also reveal a dependence ¢ the €@ 5:Pl.49 alloy film leads to significant changes in

the input data, i.e., on sample. All the spectra obtained witihe optical and MO properties of alloy.

the mixed interfaces show a lower magnitude than those with _(iif) The off-diagonal components of the DF for the Co/Pt

the sharp interfaces, even though both spectral shapes dti-F (not shown explicitly in this papgrs well as pure Co

similar. Such a behavior of the), X (hw)? spectra is clear: and_ C@.51Pl.49 alloy films were determined. ,
the smaller quantity of the MO-active media, the lower MO (iv) The real structures of the Co/Pt MLF were elucidated
response. ' on the basis of the comparison of their experimental and

The dependence on the input data can be can be undqumputer-SImulated op_tlcal properties.
stood by taking into account the results of the first-principles (v) The MO_ proper’_[|es(off-d|agonal components of the
theoretical calculations of the MO properties of the Co/PtDF) for the ;pln-polanzed Pt sublayers in the Co/Pt MLF
MLF and CgPt,_, alloys®>** These calculated MO proper- V'€ determined. .
ties show a prominent dependence on structural and chemi-, (vi) The obtameq expenmgntal results were compared
cal ordering. The microscopic origin for the extracted ab—W'th the corresponding theoretical data.
sorption peaks related to the spin-polarized Pt can be
explained further by the first-principles calculations for the ACKNOWLEDGMENTS
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