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ABSTRACT

. Magnetic circular dichroism in the Fe 2p x-ray absorption is observed in multilayers of

(Fe9.5._,/Pt9.5,_)92. The magnetization and helicity are both in the plane of this multilayer

- which is prepared by magnetron sputter deposition. This sample is part of a study to examine

magnetization in the ternary multilayer system of FeCo/Pt. Lattice and layer pair spacings are

measured using x-ray scattering. The atomic concentration profiles of the mulfilayer f'flms are

characterized using Auger electron spectroscopy coupled with depth profiling. Conventional

and high resolution transmission electron microscopy are used to examine the thin f'flm, growth

morphology and atomic structure.

H_RODUCIqON

The observation of perpendicular magnetic anisotropy in the Co/Pt[ 1-4] and Fe/Pt[ 5]

multilayer systems proves to be of interest for magnetic recording applications. The magnetic

properties of Fe/Pt multilayer films are strongly dependent on the relative as well as absolute

layer thicknesses.[ 6] X-ray absorption spectroscopy (XAS) is used for elemental analysis and

magnetic-eircuIar-.diehroism.(._e_urements. It is shown that MCD can be a useful

technique for monitoring changes in the orientation of sample magnetization. [7] An in-plane

magnetization of a (Fe9.5A/Pt9.5A)92 multilayer thin film is found using both MCD and

. conventional magnetometry.[8l The MCD technique has the potential to follow the magnetic

axis orientation in FeCo/Pt magnetic thin films as well as provide elemental specific

determination of the magnetic moment.

SAMPLE PREPARATION

The FeCo/Pt multilayer samples are prepared using magnetron sputter deposition. The

deposition chamber is cryogenically pumped to a base pressure of 1.3x10"5 Pa. A circular

array of magnetron sources is situated 20 cm beneath an oxygen-free copper platen. The

magnetron sources are operated in the de mode at a 330-390 Volt discharge. An argon

working gas pressure of 0.40 Pa is used at a flow rate of 15,5 cc rain"1. The substrates are

sequentially rotated over each source at 1.0 rev min -1. The target materials are >0.9994 pure.

The polished Si substrates are cleaned with a procedure consisting of a detergent wash,
r
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deionized water rinse, alcohol rinse and a N2 gas drying prior to deposition. The substrates

remain at a temperature between 293 and 306 K during the deposition. The sputter deposition

rates, between 0.02 and 0.50 nm see -l, arc monitored using calibrated quartz crystals. The

quartz crystals indicate the component layer thicknesses (Sample column of Table I) and the

layer pair thicknesses, dFeCo/ptXTC.The multilayer films are grown to a 0.2Jam thickness.

CHARACTERIZATION METHODS AND RESULTS

X-Ray Diffraction

The lattice and layer pair spacings of the FeCo/Pt multilayers are measured using x-ray

diffraction. A powder diffractometer equipped with a graphite monochromator is operated in

the 0/20 mode at both grazing incidence and high angle using Cu Ko_radiation. The grazing

incidence scans of the multilayer films (XRD column of Figs.la-0 reveal the satellite

reflections about (000) attributable to the composition modulation in the multilayer growth

direction. The fast three satellite peak positions (n = 1,2,3) are corrected for refraction and

fitted to compute a layer pair spacing dFeCo/ptXRD (Table I). The layer pair spacings

dFeCo/ptXRVarc in agreement to within 0.01rim of the crystal monitor values dF_.o/PtxTc. The

high angle Bragg reflections indicate that the thin film samples are all oriented along the [111]

direction of a face-centered-cubic (fee) lattice. The interplanar spacing, d(III)XRD (Table I), is

generally intermediate to the values of pure Pt(111)at 0.2266nm and 'yFe(111) at 0.2106rim.

A first-order satellite reflection below the Bragg reflection in the 0120 scans indicates layer pair

spacings, from the relationship [S(l i l)-SsateUite]"1where s = d -l, for the films consistent with

the grazing incidence measurements. [6]

Table I. Layer'Pair and-Intcrplanar'fllmein _)of FeCo/Pt( 111) Multilayers

Sample d(lll) XP-D dFeCo/PtXP-D dFeCoNtX_

(Co3.gMPt9.1A)135 0.2223 1.295 1.294

(Fe 1.7,_Co1.8A/Pt9.TA)135 0.2246 1.288 1.313

(Fe9.SMPtg.5A)92 0.2193 2.008 1.895

(Fe3.0MPt9.7A) 135 0.2252 1.280 1.267

(Fe3.1MPtlg.4A)76 0.2270 2.228 2.245

(Fe3.1A/Pt38.SA)44 0.2274 4.238 4.187

Auger Electron S_ctroscopy

Atomic concentration profiles of the multilayer thin films are measured using Auger

electron spectroscopy (AES) coupled with depth profiling. A 3 keV, I0 I.tA electron beam is

used to generate the Auger electrons. The measured intensifies of the 1.967 keV platinum peak

(Pt MNN), the 703 eV iron peak (Fe LMM), the 272 eV carbon peak (C KLL) and the 503 eV

oxygen peak (O KLL) from data accumulated in the derivative mode are used to compute the
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Figure 1. The columns correspond to the x-ray absorption at the Fe 2p and Co 2p edges using
linear polarization and normal incidence measurement of the FeCo/Pt multilayer samples.
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Figure 1.(continued) The columnscorrespondwith grazingincidencex-ray diffraction(XRD)
scans and Auger (AES) depth profiles of the FeCo/Pt multilayer samples, as listed in (a-f).
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atomic concentrations. A 2 keV, 0.92 gA argonion beam is used to sputteretch a 25 mm2 area

of the sample surface. The gas pressure for the sputteretch is 4x10"3Pa whereas the Auger

system base pressure is 6.7x10"8Pa. Once the surfaceoxide is sputtered through, the film

composition is shown to be uniform and free of any C or O contamination (AES column of

Figs.la-0. The concentrationanalysis of the films using AES are in agreement to within 10%

of the absoluteconcentrationvaluefor each componentasdeterminedfrom the calibratedquartz

crystal monitorreadingsof componentlayer thicknesses.

TransmissionElectronMicroscoov- v

Transmissionelectronmicroscopy(TEM)and high resolution imagingrevealthe multilayer

film morphology and lattice structure. The FeCo/Pt films, as imaged in both plan view

(Fig.2a) and cross-section (Fig.2c), are typified by a dense columnar growth. The plan view

electron diffraction patterns reveal the polycrystalline, in-plane natureof the films. The ring

pattern (Fig. 2b) of this fcc phase is indexed to a lattice parameter of 0.3848nm. This lattice

spacing correspondsquite wellwith the high angle diffractiondata thatgives a lattice parameter

of 0.3798nm. Diffractionpatterns,taken from the multilayeras viewed in cross-section,reveal
a 5-8"mosaic of the lattice planes perpendicular to the [111] growthdi_cfion. Selected area

diffraction patterns of individual grains, viewed in cross-section (Fig. 2d), clearly show the

[11i] growth direction of an fcc phase in this [110] pole projection. The FeCo/Pt thin film

samples are therefore [111] textured in the growth direction but randomly oriented in-plane.

The average grain size is 27-30nm, as measured from the bright field images (as Fig.2a).

Lattice images, recordedat the Scherzerdefocus condition using a 400 keY electron beam,

show each grainto consist of a single-phase fcc structure(Fig.3).

X-rayAbsorptionSpectroscopyandMagneticCircularDichroism

The XAS and MCDmeasurements are performedon a spherical grating monochromator

with the ability to generate soft x.rays with a highdegree of linearor circularpolarization.J9,10]

The absorptionmeasurementsare made in a partialelectron yield mode with a kinetic energy

• window centered around50 eV. The XAS spectra (Fe 2p and Co 2p columns in Fig. la-0 are

for normal incidence (i.e. 0"from the sample normal). The curves correspond to linear

polarizationscans for elementalanalysis. The presenceof Fe as well asCo is detected for even

the smallest film concentrations,e.g. 7at.% Fe in sample (l::e3.1,/_/Pt38.8,_)44.For the MCD

measurements, the samples are magnetized in-situ with a pulse coil capable of generating a

3kOe field. MCD in x-ray absorptionis observed asa circular polarizationdependent intensity

variation in the L2 and L3 edges for 3d transition metals. The polarizationdependence requires

that the incidentx-ray helicity (either parallel or anti-parallel to the direction of propagation) be

aligned or anti-aligned with the sample magnetization.[7,111 The polarization dependence

vanishes when these vectorsare perpendicular. An intensity difference for the L2 and L3 white

lines is apparent for sample (Fe9.5,_/Pt9.5A)92 demonstrating a remnant, in-plane

magnetizationof the film (Fig.4).



Figure2. Conventionaltransmissionelectronmicroscopyofsample(Fe9.5_/Pt9.5,_)92,as
imaged in plan view, _veals (a) the f'me grain size in the bright field image and (b) the
preferred (I 1 l).texture m the el._.tron diff_cuon pattern of the film. Imagin.g of sample
(Co3.9A_'P.t9.1A)135,aspreparedm cross-section,reveals(c)layeringperl_ncUculartothe
growthdirecuon(indica.te,d withanarrow)and(d)a [i1I]oriente_single-phasestructureas
seeninthe[II0]poleproJeCtionofthisface-centeredcubic,selectedareadiffractionpattern.
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Figure 3. High resolution _lectmn micro- Figure 4. Fe L-edge absorption spectr_ of the
graph of the sample (Fe9.5A/Ptg.5A)92, as (Fe9.5A/Ptg.5A)92 multilayer for the x-ray hel-
imaged in cross-section. The growth direct- icity and majority d-electron spin nearly parallel
ion is indicated with an arrow. (...) and antiparallel (--). This is an illustration

of magnetic circular dichroism using circularly
polarized x-rays.
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DISCUSSION & SUMMARY

The relative strengths of the L2 and L3 absorption edges contain information about the spin-

dependent density of states near the Fermi level and the spin-orbit splitting in the d-bands,

Therefore, information is available about the spin and orbital magnetic moments of the

material.[7,12"14] The spin moment analysis[ 7] applied to sample (Fe9.5A/Pt9.5/_)92 yields a

value of 1 :t:0.5 t.tB/_e. The analysis is complicated, however, by the polycrystalline surface.

If the sample is not of a single domain, then MCD will average the domains yielding a moment

that reflects the averageprojection of magnetization along the photon propagation direction.

In summary, we have studied the microstrueture of FeCo/Pt multilayer films using x-ray

diffraction and transmission electron microscopy, the composition using x-ray absorption and

Auger spectroscopy, and the magnetic behavior using MCD. The correlation of structural

properties with magnetic anisotropy requires detailed and elemental sensitive characterization.

MCD enables the study of multi-element films, as FeCo/Pt, where the local moments can be

determined for each component material;
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