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Enhanced Fe moment at Pd /Fe interfaces studied by low-temperature
conversion electron Mo ~ssbauer spectroscopy
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Conversion electron Vesbauer spectroscogEMS) has been employed to study the magnetic
moment of Fe in proximity to Pd at the interfaces[Bfl 53 A/Fet A] ,5 multilayers grown by dc
magnetron sputtering was varied frmm 5 A to 40 A). At room temperature, all of the multilayers
were ferromagnetically ordered. Analysis gives an interface Fe layer thicknes® nfonolayers.
The ground state hyperfine fieldB(;), extracted from the temperature dependenc®pf was
found to be as high as 38.9 T, corresponding to a ground state Fe moment of 2.80 2002
American Institute of Physics[DOI: 10.1063/1.1448800

I. INTRODUCTION II. EXPERIMENTAL TECHNIQUES

. - . . The[Pd 53 A/Fet A] ,5 (t=5, 10, 15, 20, 30, and 40)A
Theoretical predictions of novel properties for magnetic . T .
multilayers, nameds; for simplicity, were deposited on a

surfaces and mFerfaces have.stlmulf';\ted much interest in e>§i(100) substrate at ambient temperature using dc magnetron
perimental studies of magnetic multilayers. The Commoneséputtering. The base pressure prior to sputtering was 2.0
systems incorporat_e_z Fe, since it has a large magnetic momeft1o-7 Torr, and the Ar pressure during sputtering was 7
and is suitable for Mssbauer studies which prOVide informa- mTorr. The deposition rates, monitored by quartz_crystaj sen-
tion on the local environment, magnetic ordering, and the F&ors and calibrated using x-ray reflectometry measurements,
moment. Studies have shown that the magnetic properties efere 1 A/s and 2 A/s for Fe and Pd, respectively. Pd and Fe
ultrathin Fe layers are modified by the reduced dimensiorayer thicknesses were obtained by fits to x-ray reflectometry
and are strongly influenced by the material in contact. TheProfiles. CEMS spectra were collected using at16% CH,
magnetism of Fe in proximity to Pd is one of the most in- gas-flow proportional counter installed in a nitrogen-flow

triguing problems because Pd is nearly ferromagnetic. Pola€y0stat, and analyzed using a nonlinear least-squares fitting
ization of Pd by Feor Co) due to 31—4d interactions leads routine using Lorentzian lines with a Gaussian distribution of

to the well-known giant Féor Co moment in dilute Feor hyperfine fields.

Co) alloys with Pd"? The interaction between Fe and Pd at

the 2D interface also plays an important role in the magnetidll. RESULTS AND DISCUSSION

coupling _betyveen Fe a‘g?gs Pd layBrSthe distribution qf The CEMS spectra of the multilayers taken at room tem-
the polarlzgtlon of the Pd, “and the Fe moment. Accordmg perature(RT) (Fig. 1) show ferromagnetic six-line patterns.
to calculations on a Fe/R@D1) system, the enhancement in The jine shape 08 is very broad, but no pronounced para-
the Fe moment can be 04f; (Ref. §—1ug . However, only  magnetic component is present in the spectrum, which is in
a few attempts have been made to deduce the Fe moment #reement with Boufelfedt al* and Li et al,*? but in con-

the Pd/Fe systertf, **among which Mesbauer studies pro- flict with Hosoito et al’® By general consensps 5 A Fe
vided contradictory information. Depth-profiling Msbauer layer grown by sputtering breaks into an islandlike structure.
spectroscopy by Hosoitet al1® showed that about 30% of The absence of superparamagnetic components inSthe
the Fe in 3.5 A probe layers at the Pd interface was paraspectrum suggests an indirect exchange interaction of Fe
magnetic at room temperatu(®T) and exhibited a reduced through magnetically polarized Pd atoms. For 8¢, S,

B, of 31.5 T at 4.2 K, while the rest of the Fe had an and S;g spectra, lines 1 and 2 are slight!y sh_arper and stron-
enhanced,; of 36.5 T at 4.2 K. In the room temperature ger than lines 5 and 6, so two sextets with differBpts and

Corsn econ s pecAcoppTCES s shis ) et oo wrs sz whchuhen
studies by Boufelfekt al!! and Li et al,'2 no paramagnetic > Pc P P y

; _ metry in the line shape. One sextet with vanishifigand
component was observed, and B of interfacelike Fe was sharper linegwith a field width of~0.8 T) is attributed to a

larger than that of bulk Fe. In order to clarify these discrep- ikiike Ee site, while the other with a positiveand wider

ancies and further investigate the ground state moment of Rg,eg (with a field width of~1.5 T) is attributed to an inter-

at the interface with Pd, low temperature CEMS has beefgcelike Fe site. The sextets of interfacelike Fe, which are

employed in this study. depicted by dashed lines in Figlil, have a relative area that
decreases with the total Fe thickness. If we convert the rela-

aAuthor to whom correspondence should be addressed. FAX: 1 514 39HVE areas of the SUbspeCtra to_ Fe thicknesses by multip!ying
6525; electronic mail: zaven@physics.mcgill.ca the relative area of interfacelike Fe by the total Fe thick-
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FIG. 2. The temperature dependence of the hyperfine fields. The solid lines
are for fits usingT*?, while the dotted lines are for the fit using linear T
dependence. The open squares and solid squares are for the interfacelike and
bulklike Fe, respectively, dB,5; the triangles are for the hyperfine fields of

Sio-

0.177+0.002 mm/?° Though the possibility of alloy forma-
tion cannot be totally ruled out, at least the Pd—Fe alloying
effect is insignificant in our Pd/Fe multilayers and the inter-
-8 -4 F diffusion between Pd and Fe must be less than 2 ML.
Velocity (mm/s) Velocity (mm/s) In order to obtain the ground state hyperfine fields of
interfacelike Fe and study the evolutionBf; with tempera-
FIG. 1. The RT-CEMS spectra §Pd 53 A/Fet A] ,5, t=5, 10, 15, 20, 30, . .
and 40 A as labeled in the figures. The vertical lines are experimental datléure for both interface and bulklike Fe, CEMS SpeCtraSQf
and the solid lines are calculations. For the spectra fitted using two sextet&Nd Sis were taken from 90 K to 296 K. Using the RT spec-
the dashed lines are calculations for interfacelike Fe. trum as a guide, one-sextet and two-sextets were used to fit
the spectra 08, andS;5, respectively. As shown in Fig. 2,
the errors of theBs's of S;y do not permit the form of the
nesses, the interfacelike Fe thickness is found to be constatemperature to be determined. While 8y5, the Bs of
at 8+1 A per Fe layer. If the interfacelike Fe is distributed both subspectra follow @2 relationship. By extrapolating
equally on each side of the Fe layer, then 20.3 monolay- B«(T) to 0 K, the ground state hyperfine fielB0)) of S;o
ers(ML) of Fe are interfacelike at each Pd/Fe interface. Thas 38.9-0.1 T assuming a linear temperature dependence,
&'s of the interfacelike Fe are in the range of 0.08—0.16and 37.8-0.1 T for aT%? dependence. F®,5, the Bi0)’s
mm/s, which suggests a lower S electron density at the Fare 36.4+0.1 T and 34.3+0.2 T for the bulklike and inter-
nucleus at the Pd/Fe interface with respect to bulk Fe. Théacelike Fe, respectively.
guadrupole splittings of all samples are negligible. The inter-  The final problem is how to relatB,; to the local mo-
facelikeBy's are~33 T, while the bulklikeB,'s are slightly  ment. In the bulk, the major contribution & is the nega-
reduced. There is no dramatic change in eitheor By as  tive polarization field B.,) of the core electrons due to the
the Fe thickness is reduced, so our study does not shoelectrons via the Fermi contact interactidsy, is approxi-
evidence of the bcc to fcc transition claimed bydtial!?  mately proportional to the magnetization, sd®ig, which is
Since metastable fcc Fe is very unlikely to be stabilized up tdhe basis of the empirical interpretation Bf;. However, at
40 A, the Fe in our multilayers is most likely bce in all a surface or interface, the contributions from the conduction
samples. electron B¢ and the dipolar fieldB;,), which are strongly
For all the multilayers exceps, the Fe moment is in dependent on the local environment, might become promi-
the sample plane, evident by the intensity ratios ofnent. As a resultB,; might not scale with the magnetization
3:4:1:1:4:3 in all the spectra or subspecta.has a ratio of the same way as in the bulk. A detailed calculation of the
3:3.7:1:1:3.7:3, corresponding to a slight (#¥27°) out of  electronic structure anB; structure is necessary to evaluate
plane tilt. This strong in-plane anisotropy has been found tadhe Fe moment at the Pd/Fe interface. As this type of calcu-
persist even in 1 ML of Fe grown on FaD1), unless the Fe lation is not available, we can only present qualitative argu-
was deposited at low temperatufésThis anomalous in- ments. First of all, the T of ¥? dependence d8, resembles
plane anisotropy was attributed to interfacial alloying duringthe characteristic temperature dependence of the spontaneous
RT depositions>® However, the morphology of the inter- magnetization of 2D ferromagnets. In addition, magnetom-
face has long been a controversial issue, and botetry and CEMS studies of 1 ML F&10) on W(110) (Ref. 2]
noninterdiffused®’~1° and interdiffuset*>® interfaces have demonstrated thBi; and the magnetization follow the
have been reported. In our case, e of the interfacelike same temperature dependence, though the Fe exhibited an
Fe are generally lower than that of Fe atoms in Pd, which i€nhanced moment but a redud®g with respect to bulk Fe.
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