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S.2 Wu, F.O. Schumann, and R.F. Willii
ThePcnnsylvaniiiStateUnivmity,Ilepmnwntof Physics, University Park PA 16802

K.W. Goodman and J.G. Tobia
LawrenceLivmmmNationalLaboratory,CbcmisttyandMatuials Science DimctomtG LhWtlWC, CA 94551

IL Cam
StanfordSYnchmtron Radiation Laboratory, !hanfod University, StanfordLinear Accelerator Center, Stanford, CA 94309

We have studied the magnetic properties of
CoNi binary alloy fti with various atomic
compositions using soft x-ray magnetic
circular dichroism (XMCD) technique. The
alloy films were deposited on a single
Cu( 100) crystal in situ using our well-
established epitaxial growth technique to
achieve a layer-by-layer growth and a
metastable fcc stmcture, with all the films
exhibiting an in-plane magnetic anisotropy.
The high density, circularly-polarized x-ray
beam was supplied by the Elliptically
Polarizing Undulator at the Stanford
SynchrotronsRadiation Laboratory. Utilizing
the element-specific ability and nanostructure
magnetization sensitivity of this technique,
we have been able to perform the absorption
measurements at L2 and L3 edged of Co and
Ni atoms and observed large dichroism
signals. The extraction of spin moment and
orbital moment for varying elemental
stoichiometry using magneto-optical sum
rules is discussed.

INTRODUCTION
X-Ray magneticcirculardichroism(XMCD)
technique has attracted a tremendous amount
of attention recently because of its ability to
probe the magnetic system on an elementally-
specific basis. Combining the novel
synchrotronsradiation sources with advanced
thin film growing techniques, highly
desirable information about the spin-orbit
interaction and exchange-splitting can be
extracted from both linear dichroism and

circular dichroism effects. The orbital
(~z>) andspin(+>) contributionsto the
magneticmomentfor individualorbitalsand
individualelementsare relatedto the shape
and integration signals of the dichroism
spectra.

k
Differencegroupshavebeenworkingon the
theoretical foundations a~r well as the
experimentaldetails. A pa# of magneto-
opticalsumrulesforcalculatingthe ground-
state expectationvalues of spin and orbital
moment from XMCD signals have been
proposed[1-5]. The applicabilityof these
sum rules to experimental systems were
checkedexperimentally[68], andtheresults
on Fe and Co films, as well as Co/Pal
mukilayershaveprovidedsomeverification,
with the work on Co/Pal multilayers
suggesting an enhanced orbital magnetic
momentof Co atomscomparedto thatinbulk
Co [6].

The XMCD technique measures the
difference of the x-ray absorption using left-
handed circularly-polarized light and right-
handed circularly-polarized light of a
magnetic system with the wave-vector of the
polarized photons being parallel or
antiparallel to the sample magnetization. The
excitations are Iiom a core level absorption
edge, typically L, M, or N shell. In our
experimen~ the excitations tim 2p core level
to 3d empty valence band were measti so
that the absorption were iiom the L2,3 edges. .
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According to the above magneto-optical sum
rules, the total area of the dichroism spectrum
is a measure of ~~, while the difference of
the L3 with twice the L2 area is proportional
to 42> [4,5].

In this paper, we report our studyon CoNi
films with various atomic concentrations
using the XMCD technique. We will show
the large dichroism signals at L2 and L3
edges for bothCo and Ni atoms. From the
relation between the integrated dichroism
signalsandthe spinandorbitalmomentsfor
each element, we demonstrate that the
effectivespinmomentis a linearfimctionof
thecomposition.

EXPERIMENT
The XMCD experimentwas performedat the
StanfordSynchrotronsRadiationLaboratory
on beamline5-2, using the soft x-radiation
from the Stanford Electron Positron
Asymmetric Ring (SPEAR). The grating
monochromatorwas set to select the 550-
1000eV range for this experiment, and an
elliptically-polarizingundulator(EPU) was
usedto varythehelicityof themagneticfield
and hencethe polarizationof theemittingx-
ray [9]. The EPU was designedto supply
highly-polarizedphotons: higherthan95%
for therangewherethe 2p whitelinesof Co,
Ni, andCu weredetected.

The ultrathin films of CoNi alloy were
deposited on a clean CU(1OO)single crystal
substrate at room temperature, by
simultaneously evaporating both materials
with the calibrated fluxes controlled to
achieve the desired atomic compositions.
The thickness was estimated to be 4.3i0.7
ML for Coo+25Ni0.75, CoO.55Ni0.45, and
CoO.7oNi0.30 films, and Ml ML for a pure
Ni and a pure Co film. During the XMCD
measurement the pressure was maintained in
the 10-10 Torr range, while during
evaporation the pressure was worse because
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of the limited time for degassing the
preparationsystem. This wouldintroducea
certainamountofC andO contaminationinto
the grownfilms. Thecrystallinestructureof
these f- has beenstudiedearlierand the
conclusion of a pseudomorphiclayer-by-
layer growth with fcc structure has been
drawn[10].

After the deposition, the film was then
magneticallysaturatedby a capacitorvoltage
discharger. Themagneticfieldwas applied
intheplaneofthefilmaswellasthedirection
of the incident light to accomplish a -
longitudinalconfigurationsinceourprevious
surfacemagneto-opticKerreffect(SMOKE)
study has confirmedan in-plane magnetic
anisotropyfortheseultrathinalloyfilms. In
addition, our SMOKE measurementshave
shownthat the Curietemperaturefor CoNi
alloysfollowsanempiricalftite-size scaling
law as a fhnctionof filmthickness[10, 11].
Fo the fdms that were used in this room
temperatureXMCD study, the thicknesses
werecontrolledsothattheCurietemperatures
were above roomtemperature. The soft x-
ray illuminatedontothe magneticfilms at a
20° grazingangle. An Au meshwas placed
in the x-ray beampathandthephotoelectron
current was collected ffom a channeltron
which was used to normalize the sample
curmn~therebymhhizing anyfluctuationin
photonflux. Meanwhile,the samplecurrent
was measuredas a function of the photon
energy at theconilgmationswherethe x-ray
polarizationwas paralleland antiparallelto
samplemagnetization,alternatively.

RESULTS ANDDISCUSSION
The normalizedsamplecurrentversusphoton
energy for 4.3 ML Coo.25Nio.75/Cu(100) is
shown in Figure 1. The dashed lines
represent the spectra for the parallel
configuration, and the solid lines for the
antiparallelone. Thedichroismeffectcan be
seen clearly fromthe comparisonof them. .
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~ me nodti sample current
versus photon energy for 4.3 ML ~
Coo.2sNio.#~(1~). The dashed Iines ~
represent the spectm for the pamllel z
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~ The integrated dichroisrn signal for
orlital moment Unorb (in the unit of %) for
both Co and RUatoms that we have calculated
using the integmtion part of the magneto-
optical sum rule as a function of Co atomic
concentration. The average values for Co and
NI are representedby two dashed lines.
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Similar dichroism spectrawere achieved on
the films with different atomic
concentrations. On some of thespec~ a
satellite stmctum was observed at about6ev
higherthanthe2p *which wase@ained
by a charge-transfereff’ fhm a viewpoint
of the configuration integrationon the basis of
the Andersonimpuritymodel [12].

The spinandorbitalmagneticmomentscan
be determinedfromtheXMCD spectrausing
the magneto-opticalsum rules [4, 5]. The
results of one analysis are shown in Figure 2
(spin) and Figure 3 (orbital moments).

SUMMARY
We have produced a set of CoNi alloy fti
with various atomic compositions, and
calculatedthe integrateddichroii signalsfor
the spin and orbital moment of Co and Ni
atoms from the XMCD spectra utilizing soft
x-rays provided by synchrotronsradiation.
We have obsemxi large dichroism signals at
L3 and L2 edges for both Co and Ni atoms.
The results of integrating the dichroism
signals have demonstrated that the
magnetization density in this fcc ordered
binary system with (100) surface symmetry
is a linearfunction of the atomic composition.
This supportsan alloy composition of a high
spin component (Co) and a low-spin
component (Ni), the magnetizationdensityof
which reflects stable 10CSImoments across
the whole compositional range of this binary
alloy.
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