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Abstract

floy. and a hign ssiuaton e rotation of 069°,

Itis expected thwr novel properties can arise fiom
smctvially conti lew thie filess or multilayers using new
fiication techniqoes As an example of such a fabrication
fehgie. s acuum evaporaiion, corutined with ine<it re-
fection high-encezy cic aon diffraction (RUEED), has
ken used  to  fabricate  monoatomic  wulilavers  of
R/PU001) equivalent 1o the 11, ordered ptose. FePt
oy films show significant magueto optical Kerr rotation
gectra and they are attracting much interest as magneto-
pical recording media for the futuce. Magneto optical
wd transport propertics have been reported in FePr/Pi
mlhilayers (1], and enhanced magneto-optical Kerr rota
fonand large perpendicular magaztic anisetropy huve alse
ken reporied in epitaxial ordered FePi{G01) thin films
[L3] 1t has been showr: that the site nrdering and prferen-
il oricntation are essentially impostant. Here, w2 have
audied [Fe(i ML)/Pl ML) ewehilivers in oider 10
daity the detaiied behav‘our of FePt {001} orderet alicy.

[Fe(t ML)/Pu(1 Mi 2}, (001) multituyer films were
mepared using an UHV ceposition systen, with two anu
pident e-guns. An epitaxixl P1{001) seed jayer of 259 A
wms grown on MeOUOL) at SOHOCC, upon  vwhich
wroatomic layers of Fe (14 A) and Pt (2.0 A) were
kposited alternately at various temperawres. The typica!
fposition rate was 0.1 A/< RHEEI patterns were moni-
red during deposation. X-ray diffraction was performed
fra structural characterization of he laver ordering and
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(Fe(i ML), Pt} MO (G01) miwatomic maltiioyers, equiviivis to the LY, ordered phiase, nave been picpaied hy
gpositing alievaate i woawmie lavers of Fe and Pi. The surface flatnzss and the degree of layer ordering improve with
poreasing subsitale temiperature. The porpendicolar muyneric
gmperatsre jncrcase with increasing deec of fuyer e-dering. The highlv ordesed Fo /Pt menostomic
0°C shesy 2 wery lurge paspendiculer spisctropy, which s

arisotropy and Kerr rotation (A=0633 nm) at room
whilayers grov at

closs to the mazretocry stalline anisouopy of 2P (L)Y ordered

the preferential orinntation. The magnelic auiseropy was
measurcd by a SQUIIN inagnetometer at rocn. einpgatur.
The magneto opicsl Neir rowetior at 637 nr was sho
nreastred At room (emperatul..

The epitaxial growth of the Fe and Pt layoss was
confirmed by RHELD. Fig. 1 shows the RHEED patieri of
the uppermost Pt laver of & {Fe(l Mi)/P{t ML
multilayer film grown at 3007 The stieak patten: implies
that the surface of vas FePr il is considerably 2t en an
aicic scale. JUis considered that the Fe and Pt monosiomic
layers grow ?:_yer-by -layer due o surfuce diffusion at
35°C. Tig. 2 shows the Xeray ditfraciion nattern of ikés
FeP: fm. i which the FePHGO ) ain! FePO03) oudereld
lines are =learly vbserved. On the other hand, the RHEED
patteru of a {Teli ML) /Pt{1 ML, filix grown at room
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Fig. |. RHEED paitemn of the uvppermest Pt fayer of the [Full
ML) /Pl ML), (001) muitiiays- film giown at S00°C, {110
azime th
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Fig. 4. Perpendicelar magneiic ansotropy (K | ) and magnet
opticai Kerr rotzton (polar) at room temperaiure versus the drgree
ab layer ordering represerted by the X-ray intensity ral
foei /= The pupondicular mugectic anisotropy (K ) s o
wained from the uniaxial anisotropy K, plus the shape anisotropy
3 N

1M,

view becuuse of the residual rotation engle equal to the
saturation one and the large coercivity.

The perpendicular anisctropy and the Kerr rotation at
633 nmn of the [Ye(l ML)/P(1 ML), multilayer films
giown at lower temperatures are much smaller than those
grown at SOU°C. As shown in Fig. 4, the perpendicular
anisotrapy and the Kerr rotation increase with increasing
degree of layer ordering, which is represented by the X-ray
intensity ratio of the FePt0)01) crdered line to FePi(002)
== Too1/Too2 ), for [Fetl ML)/ Pi(1 ML)],,5(001) mululayer
films. Therefue, the FeP{(001) ordered fitm without any
stacking faults and /or defects may show larger perpendic-
ular anisotropy and Kerr rotziion.
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Magnetic-anisotropy and interiaver exchange coupling
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By using in situ polar Kerr effect measurernents on stepped wedge samples, we have investigated experirenially the

magnetic anisotropy at room temperature of a bee B

Fe(110) ultvathin film or Au(111), during the first stages of the deposition

of a0 Au overlayer. We observe a maximum in the perpendicular anisotropy around ! AL of Au coverage, in surprising
similarity with previous observations on Co ultrathin films. We have then measured the interlayer exchange coupling
through Aut111) on Au/Fe/Au/Co/Au(111) trilayers. We find evidence for oscillating coupling, with about the same
period ¢s in Co/A(111)/Co struciures, but a very different phase

In situ polar magreto-optical Kerr effeci (PMOKE)
measurements have beci successfully used recently on Co
ultrathin  films to investigztc the building of interface
perpendicular magnetic apisotropy during the grovith of a
metallic overlayer [1,2]. Good-yuality ulirathin bec Fe
films can also be grown on Au(111) substiates [3], and the
Au/Fe/Au(111) structutes show interesting properties [4],
with for instance a perpeiidicular easy magnetization axis
below 3 AL of Fe at 10 K. We have applied our techniques
to study the maguetic anisotropy during the growth of an
Au overlayer on Fe.

Our preparatior: and chaiacterization techniques have
been published clsewlicre [2,5]. By anncaling an Au film
deposiicd on a float glass platelet we obtained a perfect
(111) texture with an atomically flat surface. Co then
grows smoothly with an hep structure, and the Au/Co/Au
sandwiches then dispiay perpendicular anisotyopy up to
more than 10 AL of Co. Fe grows under its stable bec
structure, with its [110] direction perpendicular to the film.
The surface roughness increases slowly during growth, bt
with a clear smoothing effect at 1 AL of the Au overlayer
{31, as for the Co films [2]. To study the anisotropy, we
first grew a Fe stepped wedge on the Au(111) substrote,
with terrace thicknesses ranging from 1 to 8 AL, followsd
by successive depositions of 0.5 AL thick Au layers up to
a total Au thickness of 8 AL. At each step, PMOKE loops
were taken on all terraces of the sample. The deposition
and mezsureincnts were perfctiued at room temperature.
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Ferromagneiic loops are observed on uncovercd Fe
films {rom tp, = 1.5 AL. Moreover, as can be seen in Fig.
1, there is a clear tendency to perpendicular anisotropy
when tg, decreases, with 2 maximum initial slope of the
loop for 2.5 AL. The decrease in the slope below this
thickness could be related to a rapidly decreasing Curie
temperature. As displayed in Fig. 2, the deposition of only
0.5 AL of an Au overlayer drastically increases the perpen-
dicular anisotropy with a maximum of the initiai slope for
15, ~ 1 AL: this behavior is similar to that observed for
Au/Co/Au structures [1,2]. Note that the coercive force
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Fig. 1. Polar Kerr effect hysteresis loups measured at room
temperature on an uncovered Fe layer on a Au({11) substrate, for
different Fe thicknesses.
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