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The order parameters and anisotropy constants of a series of epitabgaFePt films with
compositions in the range of 45-55 at.% Fe and nominal thicknesses of 50 nm have been
characterized. The films were made by cosputtering the elements onto single crystédQHigO
substrates. The substrates were coated with 1 nm Pt/1 nm Fe bilayer seeds prior to alloy deposition.
Both the bilayer seed and the alloy film were deposited at 620 °C. Lattice and order parameters were
obtained by x-ray diffraction. Film compositions and thicknesses were determined by Rutherford
backscattering spectrometry, and room-temperature magnetocrystalline anisotropies were
determined with a torque magnetometer. It was found that the order parameter had a maximum for
the film composition closest to the equiatomic composition, whereas the magnetocrystalline
anisotropy increased as the Fe content increased from below to slightly above the equiatomic
composition. These results imply that nonstoichiometric FePt compositions, with a slight excess of
Fe, may in fact be preferred for applications that require high anisotrop20@ American
Institute of Physics.[DOI: 10.1063/1.1667856

I. INTRODUCTION Il. EXPERIMENT

With appropriate easy-axis orientation and microstruc-  FePt alloy films with nominal thicknesses of 50 nm and
ture control, high-anisotropy, high-energy-product, chemi-compositions in the range of 45-55 at. % Fe were epitaxially
cally ordered FePt films with thel, crystal structure are grown by cosputtering elemental targets onto seed layers of 1
attractive candidates for many advanced magnetic materiaim Pt/1 nm Fe deposited on M¢g@1) single crystal sub-
applications such as high-density recording media or microstrates. The base pressure of the sputtering chamber was be-
and nanoelectromechanical systems magnetic compdew 5x 10 8 Torr and the sputtering gas was Ar—4%ét a
nents! ' As the chemical ordering characteristics and assopressure of 3 mTorr and a flow rate of 20 sccm, with depo-
ciated magnetocrystalline anisotropy for nonequiatomic FePsition rates of 0.1-0.2 A/s. The bilayer seed and the alloy
compositions are different from those characterizing thefilm were both deposited at a substrate temperature of
equiatomic composition, it is important to systematically in-620°C.
vestigate the atomic ordering and the resultant magnetic The composition and thickness of the films were mea-
properties as a function of alloy composition. In this work, sured by Rutherford backscattering spectroméTigble ).
we characterize the order parameters and anisotropy cofattice and order parameters were determined by normal and
stants of a series of epitaxial FePt films with Fe concentrain-plane x-ray diffraction(XRD). Cu K« radiation and a
tions of 45-55 at. %. As we demonstrate, the highest-ordegraphite monochromator were used for all the scans. A beam
parameter does not correspond to the highest magnetic aficidence angle of 2°, with respect to the sample plane, was
isotropy, implying that nonstoichiometric FePt films may be adopted in the case of the in-plane scans.
preferable for applications that require high anisotropy. For the determination of the unit-cell dimensions, the
in-plane lattice parametea, was determined using th{&10)
dAlso at: Department of Materials Science and Engineering Carnegie Mel-suDerIattlc_e peak, whereas th? lattice pa_rameter perpendicu-

lon University, Pittsburgh, PA15213; electronic mail: katayun 1@r to the film planec, was obtained by using the three (PO
@andrew.cmu.edu peaks. The long-range order parame&rwas calculated as
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TABLE |. Measured composition, thickness, lattice parameterand ¢, c/a and order paramete6, for
FePt00Y) films. S,,ais the maximum order parameter for the given composition. See text for more details. Also
listed is whether or not in-plane-axis variants were present. The substrate temperafyrefpr seed layer and

film deposition was 620 °C. The relatively large error in the actual compositicrt’ss(0%) and thicknesses
(=5.0 nm) measured by Rutherford backscattering are a result of the presence of the bilayer Fe/Pt seed.

Composition In-plane
X Thickness c-axis
Material (at. % (nm) a c ca S Shax variant
Fe,Ptoox 46.0 50.6 3.870 3721 0961 089.02 0.92 No
/P{1 nm) 51.0 57.7 3.863 3.710 0.960 0498.05 0.98 No
[Fe(1 nm) 51.9 53.6 3.857 3.706 0961 089.06 0.96 No
55.3 47.8 3.839 3.704 0.965 0FXP.05 0.89 Yes

the average of the two order parameters determined from theetization were made. The room-temperature anisotropies
ratios of superlattice-to-fundament@01)/(002 and (003)/  were determined with a torque magnetometer operated in the
(002 total integrated peak intensitiéd? For these calcula- applied field range of 0 to 18.5 kOe. In detail, the intrinsic
tions, the root-mean-square displacement amplitad®as  anisotropy constant is defined a’sl:KﬁﬁJrZwMg, where
taken as 0.14 A2 The long-range order parameter mea—Kfff is the perpendicular anisotropy constant that is measured
sures the extent of chemical order and is givenSsyr, using the “45° method” and high-field extrapolatiof?
+r=1=(r,=Xa)/ys=(r g—Xg)/y,, Wherex, andxg are

the atom fractions of the two componenyg,andy; are the  Ill. RESULTS AND DISCUSSION

fraction of lattice site typea _and,B in the ordered strl_Jcture_, The evolution of the relative intensity of the superlattice

and Mo "(ijng rfhare the Irtacnon ?f teap;:h type o(jéattlce site and fundamental peaks as a function of FePt stoichiometry is

g(r:]cume oy the c(;)rrec ypesi 0 fa oth ()n_a anﬂ on f). . shown in Fig. 1. The order parameter of the films is plotted
€ maximum order parameter for the given Tim composi-,q o fynction of film composition in Fig. 2. Table | and Fig.

E!on ||sdg|v_e? by_Sma?=1—f2A§, w?ere on5|s the composi- 2 indicate that the highest-order paramé@®3) is obtained
lonal deviation in atom fraction from ©.5. for the film composition closest to the equiaton®d.0 at. %

. The Ia}tt|ce parametgrs a‘.‘d the order parameters of thI'é‘e), as might have been expected for thi, structure. The
T'Imf studied herte are listed mtTabIe It ?I!ﬁng with .ththerevolution of the FePt magnetic properties resulting from the
In-dp ang ¢ varian s.t?]r(ihpresen or no .th Oeosle va'rt|an ﬁ ar 1, chemical ordering of the epitaxial flms may be followed
ordered regions wi eic axes, i.e., thd001] unit-ce by an examination of th&1—H curves. These are shown as

axes of t_he ordered phase, in the pl_ane of the film rather_thag function of composition in Figs.(d and 3b) and reveal a
perpendicular to the plane of the film as would be des'redprogression in the squareness, remanence, and coercivity.

iﬂd giverise tot;ﬁZOO)(lj(OZO) peak Itn the normal IXRIDtsc(j:ans.t The films exhibit an initially sharp reversal, indicative of a
€ errors in the order parameters were calculated as rWucleation barrier for the formation of the oppositely magne-
standard deviation of the two \{alues f(01)/(002 and tized domains. For the film with the lowest Fe contéfi.0
(001/003 apd were foqnd .to be in the range of 0.02-0.06. t. 99, the nucleation of the negativelye., reversgmagne-
Magnenc. charactenza_non was Caf”ed out bqth paralleﬁzed domains occurs before the external positive field is re-
and perpendicular to the film plane using a wbratmg sampl uced to zero, as a result of the demagnetization field of the
magnetor];rleigr;att iofg;n5 tkeompe,\rlature mt_the :\ppéled fiel ample in the perpendicular direction. For the films with
ranges o ~ 10 ' €. No corrections for demag- higher concentrations of Fe, a higher nucleation barrier is
present and the nucleation of reverse domains is delayed un-
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—_ Fexptwu-x (003) 3 b L : A S
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FIG. 2. The order paramete®, and intrinsic anisotropy constari, , of
FIG. 1. 6—26 XRD scans of FgPt oy, epitaxial films as a function of film  FeP{001) epitaxial films as a function of film composition. The lines are
composition. drawn to guide the eye.
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1500 @) increased from below46 at. % to slightly above(52 at. %
< 1000 the equiatomic composition.
ER IV. CONCLUSIONS
PE_’, It is demonstrated that the order parameter in F#H)
5 0 epitaxial films of varied Fe content has a maximum near the
I 5001 equiatomic composition, as is expected for tHg, structure.
g Magnetization studies reveal the presence of nucleation bar-
£ -1000%, riers for the reversal of the films in the perpendicular direc-
tion. The anisotropy of the films is quantified by the deter-
]ggg mination of the intrinsic anisotropy constakit . Whereas
(b) the measured order parameter has a maximum at the compo-
1000 | sition closest to equiatomic, the magnetocrystalline anisot-

ropy increases as the Fe content is increased from below to
slightly above the equiatomic composition. It is believed that

a slight excess of Fe increases the magnetization and perhaps
also the polarization of the Pt, thereby increasing the intrin-
sic anisotropy constant of thel, phase without appreciably
degrading the long-range chemical order. Taken together, the
results of our study imply that nonequiatomic compositions
of FePt alloy films may in fact be preferred for applications
Field (kOe) that require high magnetic anisotropy.

Magnetization (emufcm®)
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