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Polycrystalline Fe,Pug alloy thin films were prepared by dc magnetron sputtering on preheated
natural-oxidized silicon wafer substrates. The film thickness was varied from 10 to 100 nm. The
as-deposited film was encapsulated in a quartz tube and postannealed in vacuum at various
temperatures for 1 h, then furnace cooled. It is found that the ordering temperature from
as-deposited soft magnetic fcc FePt phase to hard magnelid §dtePt phase could be reduced to
about 350°C by preheating substrate and furnace cooling treatment. The magnetic properties
measurements indicated that the in-plane coercivity of the films was increased rapidly as annealing
temperature is increased from 300 to 400 °C, but it decreased when the annealing temperature is
higher than 400 °C. X-ray diffraction analysis shown that the as-deposited FePt thin film was a
disorder fcc FePt phase. The magnetic measurement indicated that the transformation of disorder fcc
FePt to fctL 1, FePt phase was started at about 350 °C, which is consistent with the analysis of x-ray
diffraction patterns. From scanning electron microscopy observation and selected area energy
disperse spectrum analysis, the distributions of Fe and Pt elements in the films became nonuniform
when the annealing temperature was higher than 500 °C due to the formation of;Btephase.

After annealing at 400 °C, the in plane coercivity otf,g thin film with film thickness of 100 nm

is 10 kOe,Mg is 580 emu/cry and grain size is about 12 nm. @004 American Institute of
Physics. [DOI: 10.1063/1.1689762

It is well known that ordeiL1, FePt phase thin flms deposited on a nature-oxidized silicon wafer substrate by dc
have high coercivitH., good corrosion resistance, and very magnetron sputtering at room temperature. The substrate was
high magnetocrystalline anisotropy energyK, (7  rotated at 45 rpm in order to get uniform film thickness and
x 107 erg/cnt).*~3 However, the as-deposited FePt film is a composition. A mosaic target consisting of high purity iron
soft magnetically disordered face-centered-cubic phase. THésk (99.99% overlaid with high purity platinum pieces
high coercivity film will be obtained by high temperature (99.99% was used. The base pressure in the sputtering
annealing treatment or substrate heating to transform the fcghamber is lower than:810~ ' Torr. Before sputtering FePt
FePt phase into hard magnetically ordered face-centeredm, the substrate was preheated at 300 °C for 1 h in order to

tetragonal 1, FePt phase. This ordering temperature is usuburn out the vapor, Iz\l,. and _CQ adhereq on.the substrate
ally higher than 500 °G#~7 The disadvantages will be en- that come from the air during expose in air, to clean the

countered during device fabrication for this high temperature®uPstrate surface and reduce the oxygen content i, SiO
treatment. In order to overcome these problems, some met{hich is on the nature-oxidized silicon wafer substrate. The
) eheated substrate is cooled to room temperature in the

ods have been developed to reduce the ordering temperatd?é . : .
of FePt film, such as the addition of a third elem&HP sputtering chamber. The argon pressure during depositing

. TR . 43 . . FePt thin film was fixed at 10 mTorr. Thickness of the FePt
multilayering,~*< ion irradiation;” and introduction of the . . .
underlayet* Most of these processes are complicated or]cIIm was varied from 10 to 100 nm. The as-deposited f|Im.
hiah ; I thi K d ted a single FePt | was encapsulated in a quartz tube and postannealed in
Igh cost.In this work, we deposited a singleé Fert 1ayer o, c.,um at various temperatures for 1 h, then furnace cooled.
the preheated substrgigithout cap layer or underlayethen The vacuum condition for postannealing is 0 ° Torr.
furnace cooled, where the ordering temperature could be re- Magnetic properties of the FePt thin films were mea-
duced to 350 °C. The magnetic properties, film structure, Unigreq by a vibrating sample magnetometer at room tempera-
formity of the film composition, and grain size of the film at ,re with maximum applied field of 13 kOe. The structure of
various annealing temperatures and film thicknesses wefk@e fiims was determined by x-ray diffractidXRD). The
also investigated. . o microstructure of the film was observed by field emission
Single layer polycrystalline BgPg alloy thin film was  scanning electron microscogEE-SEM. The grain size of
the FePt film was obtained from the XRD diffraction peak by
3Author to whom correspondence should be addressed; electronic maikSing the Sc_herrer formufd.Composition and homOQ?ne|ty
d90527009@ntu.edu.tw of the FePt film were analyzed by an energy-dispersive spec-
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FIG. 1. X-ray diffraction patterns of the Ef£t,g films which annealed at Annealmg Tamperature ( C)

various temperatures. . . .
FIG. 2. The relations between the in-plane coercwlﬁep and the anneal-

ing temperature of the FePt films with different thicknesses.

trum (EDS). Film thickness was measured by an atomic

force microscope. . , N

. . (<100 Og¢ of the film is due to the film being in the soft
Figure 1 shows the XRD patterns of thegp,g thin . R -

) . : i . magnetically fcc phase. A%,,>300°C, the rapid increase

films which annealed at various temperatures. The film thick- . o

ness is 100 nm. It reveals that the fcc FePt phase is domlqf H°H 'S due to the rap.ld increase OT the amount of the fet

nated wherT ;<300 °C and thé. 1, FePt phase appeared as -0 FePt phase (see Fig. 1 As previously dlscuass_e7d, the

T,,=350°C. The superlattice peakd10, (111), (200), formation of th_eLlO FePt phase is usually at 600 2¢;’but

(002, and (201 of the L1, FePt phase are observed. This the HC”.vaIl.Je 'S lOV\.’er. than 4 kOe Whemah>500_ C as

means that the order—disorder transformation temperature §hoWn in Fig. 2. This is due to the film being oxidized and

the film starts at about 350 °C. The superlattice peaks of thE0me ochem|callreact|ons occur in the FePt film wiigp

L1, FePt phase are more clearerTag=400 °C. The super- ~>500°C(see Fig. 1 . _

lattice peaks of thd.1, FePt phase disappeared Bg, in- Figure 3 shows the relations between the saturation mag-

creased to 600 °C and somesP& PtO, FgO,, and FgO,  Netization M) and the annealing temperature of various

phases are appeared at this temperature. It is difficult to ider=€Pt films. The film thickness is varied from 10 to 100 nm.

t|fy the peaks Of Pt@oz) and FQO3(104), and WheﬂTanS 300 OC, theM s value of the film is kept at about

Fe,04(110)/Fg0,(311) peaks, because theiispacings are the same as that of as-deposited film. This means that the

very close. WatanaBend Kuoet al>® had used high tem- film was not oxidized and film structure was still a soft mag-

perature annealingT(,,= 600 °C) to get enough energy for Netic fcc phase a,;=300°C. WhenT,, increases from

the formation of the superlattidel, FePt phase. Our experi-

mental data show that annealing at 350 °€ ¥ch is enough

to overcome the energy barrier for order—disorder transfor- 00T
mation of the FePt film, if the substrate is preheated and the 800
film is furnace cooled after being postannealed. Wihgnis 'Bﬁg;!§
increased to 600 °C, homogeneity of the FePt film will be 700 |- SN
changed and some Fe and Ptrich areas are formed in the film ""g 600 -
due to internal diffusion at high temperature. Owing to oxi- £
dization, the PtO phase is formed in the Pt rich area, and E’ 500 |
Fezo3., Fe;O,4, and FgPt are formed in Fe rich.area. % 400 [ —m— 100 nm
Figure 2 shows the relation between the in-plane coer- =  _o— 50 nm
civity (HCH) and the annealing temperaturg,f of various 300 |
FePt films. Thickness of the FePt film was varied from 10 to 200 L —o—30nm
100 nm. We can see that the film has very lbly (<100 [ —0—10nm
Oe) asT,,<300°C. TheHCH value increases rapidly &5, 100 i
is increased from 300 to 400 °C. Then it decreases abruptly ob—m— 1 ' o
as T,>400°C. The maximunH, value of the film oc- 0 100 2000 30 400 500 600
curred atT,,~400 °C and the film thickness is 100 nm; it is Annealing Temperature ("C)

ab_OUt 10 k_Oe. The variation ‘HCH value is small as the film FIG. 3. The relations between the saturation magnetizatig) (and the
thickness is larger than 100 nm. Whég,<300 °C, lowH o annealing temperature of the FePt films with different thicknesses.

Downloaded 07 Dec 2008 to 140.112.113.225. Redistribution subject to AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp



7266 J. Appl. Phys., Vol. 95, No. 11, Part 2, 1 June 2004 Sun et al.

22
20 L —®—100 nm I
" F —O0— 50 nm 7\
| —A—30nm
. 1B —e—10nm
E 14
o L
3 12| -
£ - —
] - @
(;5 10 I .;
EHT » 0.00 k¥ - %A /
signal A = 5E2 6 |- /e ® _®
_2/// @—
4 N | N 1 N 1 . 1 . | .
0 100 200 300 400 500 600

Annealing Temp. (°C)

FIG. 5. Average grain sizes of the FePt films with different thicknesses as a
function of annealing temperature.

Figure 5 shows the average grain size of various FePt
films as a function of annealing temperature. Grain sizes of
the film are calculated from the Scherrer forntalay using
the x-ray diffraction peaks of disordered FegP11) and or-
deredL1, FePt(111). The grain size of the film is increased
ol Tl with increased annealing temperature. After being annealed

at 400 °C, the average grain size of the 100 nm thick film is
FIG. 4. The FE-SEM micrographs and selected area of EDS compositioghoyt 12 nm. Theéd, andM of this film are about 10 kOe
Il

analysis of the FePt films which annealed@t400 °C and(b) 600 °C. . . .
and 580 emu/ct respectively, as shown in Figs. 2 and 3.

= J0.00 K X EHT » 0.00 kY
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FePt phasé’ When T,,>500°C, theM value of the film TEL L PATUeTS L » respectively.
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