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ABSTRACT

The Fe,Pt aloy thin films were grown on MgO substrates at the various
growth temperatures by e-beam evaporation in a high vacuum. The mag-
netic properties such as saturation magneti zation, coercivity, magnetic ani sot-
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ropy etc. of the Fe,Pt alloy thin filmswere studied as afunction of tempera-
turevaryingintherange of 80K to 600K . At low temperature (80K), the Fe,Pt
films possessed giant cubic magnetic anisotropy (K,~7x10° erg/cc and
K,~2.2x10" erg/cc). The magnetic anisotropy constants of Fe,Pt filmswere
found to decrease dowly with temperature and vanished at Curie tempera-
ture. The Curie temperature of Fe,Pt thin films were also studied as afunc-
tion of ordering. It was observed that higher ordered sample exhibited lower

Curietemperature.

INTRODUCTION

Amongthevariousbinary dloys, Fe,Ptaloysare
interesting aloy to study because of itsinteresting be-
havior and properties. The Fe,Pt alloy wasreportedto
exhibit theso-caled invar propertiesof anomal ousther-
mal expansion coefficientsand thelarge magneto-vol-
umeeffect™. The compoundscloseto Fe,Pt displayed
unusudly sharpferromagnetic anomaiesin thetherma
expand on coefficient and strong magnetostrictive prop-
erties?. Giant magnetostriction wasobservedinan or-
dered Fe Pt singlecrystal®. The Curietemperature of
Fe,Pt was reported to be sensitive to pressure. The
previousexperimenta observation suggested that the
pressure caused to change the degree of ordering and
thusthe Curietemperature. It was reported that ex-
change coupled nano-composite magnets madefrom
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Fe,Pt and FePt showed large energy product, which
exceeded thetheoretical limit for non-exchange-coupled
FePtl®. Theoretica band structure cal culationson or-
dered Fe,Pt reveal ed strong hybridization between Fe
and Pt d-statesand aresultant unusudly high density of
states (DOS) at the Fermi level compared to other
strong ferromagnets such as F€l%2l, Large cubic mag-
netic anisotropy was observed in Fe,Pt thin films at
room temperature®. Doubleswitching hysteresiscurve
wereobtainedin Fe,Ptdloy thinfilmg'® . Duetothese
many interesting phenomena, Fe,Pt hasbeenthefocus
of study by many researchers. In spite of these exten-
siveworks carried out, there are very few worksfo-
cusi ng on thetemperature dependent magnetic proper-
tiesespecially magnetic anisotropy of Fe,Ptthinfilms.
Thisbreedsthe scientific curiosity toinvestigateitsna-
tureand origin. Therefore, thetemperature dependent
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magnetic propertiesof Fe,Pt thinfilmswerestudiedin
thismanuscript.

EXPERIMENTAL

The Fe,Pt thin filmswerefabricated by €l ectron
beam evaporation onto MgO(100) and MgO(111) sub-
strates using Fe and Pt separate targetsin avacuum
better than 107 Torr. The substrate deposition tempera:
ture (T,) wasvaried from ambient to 550°C. The com-
bined deposition ratewas 0.7A/sec and thickness of
the samples was about 50nm. The sampleswerero-
tated in order to get the better uniformity of thickness.
Film stoichiometry was achieved by controlling the
depositionrateof individual elements, Fe(y,=0.47A/
sec) and Pt (v, =0.23A/sec). All the films were ana-
lyzed by the Energy Dispersive X -ray diffraction and
thefilm compositions were found within therange of
+1% from thestoi chiometric compostion. Thein-plane
magnetic anisotropy of Fe,Ptdloy thinfilmsweremea-
sured by in-plane torque measurements. The entire
sampleswere madecircular in shapein order toavoid
the shape magneti ¢ anisotropy. The magnetic anisot-
ropy constants, K, of Fe,Pt filmswere obtained from
the <001> oriented samples grown onto MgO(100)
substrate whilethe magnetic anisotropy constantsK,
were obtai ned from the<111> oriented samplesgrown
onto MgO(111) substrate. Thetorque measurements
werecarried out in thetemperature range (T) of 80K
to 600K. The Curietemperature (T,) of the samples
was determined from the temperature dependent mag-
netization curve.

RESULTSAND DISCUSSIONS

Inour earlier paper, we demonstrated the closere-
| ationship of magnetic anisotropy constantsof Fe,Ptthin
filmswiththestructural parametert® 3. TheFe Pt films
grown at 400°C werepartially ordered and exhibited
maximum magnetic anisotropy at roomtemperature as
reported earlier®. In this paper, the temperature de-
pendent magnetic propertiessuch as saturation magne-
tization, coercivity, magnetic anisotropy constant etc.
of Fe,Ptthinfilmswere studied. Measurementswere
carried out intherange from 80K to 600K. Figure 1
showsthetemperature dependence of saturation mag-

netization (My). At 80K, the saturation magnetization,
M, was about 1300 emu/cc and diminished at about
625K. Thecoercivity (H.) of Fe,Ptaloythinfilmsasa
function of temperaturewasdepicted in Figure 2. The
maximum coercivity was obtained at 80K of about 2
K Oe. Themagnetization and thecoercivity fell insmi-
lar fashion with thetemperature.
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Figurel: Thevariation of magnetization asafunction of
temper atur e of the sample Fe,Pt/M gO(100) grown at 400°C.
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Figure 2: The variation of coercivity, H_ asa function of
temperature (T) of the sample Fe,Pt/M gO(100) grown at
400°C.

The Curietemperature was determined from the
inflection point of M vs. /T plot. The Curietempera
ture, T_for thepartially ordered (S=0.3) casewasfound
about 625K (352°C). Theresult of T_ asafunction of
the ordering parameter, Sisshown in Figure 3. The
ordering parameter was estimated according to refl®l,
It was observed that the Curie temperature decreased
withthe degreeof ordering, athough, therewasascat-
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ter inthedataat S=0. Thereason of thisdecrement of
T withthe ordering wasnot clearly understood. How-
ever, the nearest neighbor occupancy probabilitiesand
the change of atomic interactionsfrom disordered to
ordered state™® or the pair-ordering mechanismmight
betheorigin of thechangein Curietemperature. Itis
knownthat pair-ordering originatesfromtheunbaanced
distribution of theatomg™ 3. In Fe,Pt dloy, threekinds
of atomic pairs are possible such as Fe-Fe, Fe-Pt or
Pt-Pt. Asonly Feis magnetic, theinteraction energy
(dipolar and quadrapolar) isbelieved to depend mainly
on the number of Fe-Fe pairs. The numbers of pairs
depend on the order parameter that is controlled by
growth temperature. Thenumber of Fe-Feplaner pairs
inFe,Ptaloyisfoundto decreasewiththeordering by
smplecdculationg*?, which might berelated with this
decrement of the Curietemperaturein the present case.
The Curietemperaturefor the highest ordered sample
(S=0.67) was obtained of about 513K (240°C), alittle
bit larger than that (435K, 162C) for the bulk ordered
Fe,Pt.
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Figure3: TheCurietemperature, T_of Fe,Pt alloy thin films
grown onto M gO(100) substrate asa function of ordering
parameter, S.

Thetemperature (T) dependence of K, and K, of
Fe,Ptthinfilmsgrown a 400°C were investigated over
arangefrom 80K to 600K. The4-fold and 6-fold sym-
metry torque curveswere observed over theentiretem-
peraturerangefor thetwo-oriented samplesgrown on
MgO substrates. However, achangeinthetorqueam-
plitude was noticed with temperature. The magnetic
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anisotropy constants, K, and K, werefound to decrease
withtheincreasing T asshown in Figure4. Whenthe
measurement temperature approached towards the
Curietemperature (measured value of Curietempera
tureof the Fe,Pt film was about 600K), both the mag-
netic anisotropy constants K, and K, gradually van-
ished similar to other ferromagnetic materia . Accord-
ing to the previoustheory, the power law dependence
of magnetization can be expressed as'®*l, K (T)/
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Figure4: Thevariation of magnetic anisotr opy constant, K,

and K, asafunction of measur ement temperature(T) of the
Fe,Pt alloy thin filmsgrown onto M gO substr ates.
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Figure5: Thetemperature dependence of nor malized mag-

netic anisotropy constant, K, of Fe Pt films. (Thesolid lineis

ameasur ed valuewhilethedashed lineisafitted curvefrom
themagnetization).
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K,(0)=M(T)/M(0)", whereM (0) and M(T) arethemag-
netization at temperatureOK and T. Weemployed K (T)/
K,(80K)=M(T)/M(80K)"and numerically fitted our
data. Fromthebest fitted value asshownin Figure5,
theexponent, n=1.3wasobtained. Thisvaueof nwas
smaller aspredicted by Zener and Carr. According to
those theories, the value of n would be 3 and 10 for
uniaxia and cubic casesrespectively. Thiskind of un-
expected dependence of magneti ¢ anisotropy wasalso
observed in other material %2, Further theoretical
framework isnecessary to explain thisbehavior. How-
ever, from the nature of the d ow decrement, onecan
say that the magnetic anisotropy energy of Fe,Pt films
ismoregtablethan other trangtionmetd dloysinawide
range of temperature.

CONCLUSIONS

In thismanuscript, thetemperature dependent mag-
netic properties of the Fe,Pt thinfilmsgrownonMgO
substrateswere studied in thetemperaturerange vary-
ing from 80K to 600K . At 80K, the saturation magne-
tization (M) and coercivity (H ) of Fe,Ptfilms(grown
a 400°C) were obtained about 1300 emu/cc and 2000
Oe. Both M_and H_ dropped in similar fashion with
temperature. The Curietemperature of Fe,Ptfilmsasa
function of ordering wasinvestigated and it wasfound
to decrease with the ordering. Thereason wasyet to
be cleared up. However, we believethat the pair or-
dering mechanism might betheorigin of thisdecremen.
Theimportant result wasin the case of magnetic ani sot-
ropy. The Fe,Pt films (grown at 400°C) at 80K pos-
sessed avery large magneti c anisotropy constant. The
in-plane magnetic anisotropy constants, K, and K, ob-
tained were about -7x10%rg/cc and 2.2x10erg/cc
respectively. Therefore, the magneti c anisotropy con-
stantsof Fe,Pt filmsat |lower temperature (80K) were
littlebit larger in compare to theroom temperatureval-
ues. Both the magnetic anisotropy constants of Fe,Pt
thinfilmsdropped with temperaturewith the 1.3 power
of magnetization. It wasrelatively dower rateinthecase
of cubicmagnetic anisotropy as predicted by thetheory.
Thus, the magnetic ani sotropy constantswerefound
stablein awiderange of temperature.
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