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Effect of Au cap layer on the magnetic properties and the microstructure
for FePt thin films
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We have investigated the effect of interfacial diffusion on the magnetic properties of ARtge
bilayer thin films. The samples were prepared in two stages. First, an ordey@h§-eontinuous

thin film was sputtered on a quartz substrate. Then an aurum cap layer was deposited onto the
Fe;,Plg film at room temperature, followed by a postannealing at 300—-800°C to promote the
interfacial diffusion. A high coercivity of 23.5 kOe was achieved in the isotropic polycrystalline
FePt-based film. Transmission electron micrographs indicate that the bilayer sample dxgibits
ordered FePt grains with a diameter of about 20 nm, which were partially isolated by Au phase. We
consider that the isolation of FePl, grains and the grain refining effect can be two contributory
factors for the enhanced coercivity. ZD04 American Institute of Physics
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FePt thin films have attracted much attention due to theicess. A very high coercivity of 23.5 kOe was obtained in the
potential applications in recording media. However, high-isotropic polycrystalline FePt system. This is due to the ef-
temperature annealing-400°Q is normally required to fa- fects of grain refining of the ordered FePt phase and the
cilitate theLl, transformation and produce hard magnetic fctpartially isolated microstructure of the FePt grains in Au
ordered structure. The magnetic anisotropy enéfgyor a  matrix, which will be discussed later.
completely ord?red FePt epitaxial thin film§ is larger than  Thin-film samples were fabricated by rf magnetron sput-
1x10% erg/cn?.” The ultrahighK, was attributed to the tering. The background vacuum was better than 2.0
COEnbination of Spin—polarization and Spin-orbit COUpling for X 10‘7 Torr. The Working pressure of argon is fixed at
Pt” However, from the viewpoint of magnetic recording me- 10 mTorr. A composite FePt target was made by overlaying
dia, the applications of_smgle-phase Fe_Pt films are limited _b)é high-purity iron disk(2 in. in diameter with Pt foils
the strong exchange interactions, which can lead to highg mm squarg The bilayer samples consist of an underlayer
noise. Several papers reported that the fabrication of nang-¢pt and an overlayer Au. In the first stage, an underlayer
granular thin films can be7an effective method for the decourapy film with a thickness of 10—200 nm was deposited on a
pling of magn_etic grain§‘. The granular film_s were formed preheated800°C) quartz substrate, followed by an anneal-
by co-sputtering the FePt and nonmagnetic laystgeh as . 800°C for 10 min. An i ,'bl fil ith orderi
Ag,C,Si0,,Al-O, and B,Os, et9.>” ing at or 10 min. An isotropitl, film with ordering

T ’ ’ ’ parametersS, of 0.90+0.5 was obtained in this stage. As the

Another approach for the decoupling of FePt nano- derl Fopt led d ; : ‘
grains is the postannealing of a bilayérePt ordered film underiayer FEFt was cooled down f0 room temperature, an
aurum cap layer with a constant thickness of 60 nm was then

and metallic top laygrthin film for the purpose of grain- ) ; X . .
boundary modification® About 50% enhancement in coer- d€posited in the second stage, using a high-purity
civity (Ho=12 kO@ was obtained by the deposition of the (99-99 Wt% target. Finally, the(Au)/(LloF&s,Plg) thin
CrMn and the Zn top layefsHowever, the microstructure films were postannealed at a temperature ranging from 300
effect of top layers was seldom reported. In this research, wi 800°C for 1 h to promote the interfacial diffusion.
selected Au as the grain-boundary modification element due Chemical composition of the pre-ordered magnetic film
to the limited solubility of Au in the FePt ordered lattitd ~ was measured to be 5Py, by inductively coupled plasma
two-stage thin film process was selected to investigate thepectroscopy. Crystal structures of the thin films were inves-
effect of interlayer diffusion in the Au/FePt system. Thetigated by a grazing incident x-ray diffractometer.
purpose of the first-stage process is to obtain a well-ordered Figure 1 shows the x-ray diffraction patterns obtained
FePt film. In the second stage, an Au cap layer was depositéfdom an ordered RgPtyg film (60 nm in thicknesswithout
on the pre-ordered FePt film, followed by an annealing tocap layer and an A60O nm/Fe;;Ptg(60 nm bilayer film.
modify the FePt grain boundaries through interdiffusion pro-The sharp superlattice reflections from the single-layer
sample indicate a highly ordered FePt structure with random
author to whom correspondence should be addressed; electronic maiffystal orientation. The ordering parameter calculated from
skchen@fcu.edu.tw the intensities of the superlattice peaks is higher than 0.90.
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FIG. 1. X-ray diffraction patterns of a pre-ordered;fR;5(60 nm) thin film
without cap layer and a bilayer A60 nm)/Fe;;Pt,o(60 nm sample.

The effect of the diffusion temperatufg (in the second
stage on the coercivity of the Au/RkgPtyg bilayer films is
shown in Fig. 2. CoercivitiegH) of the Au/Fg;Pt,q bilay-
ers were only slightly increased fag=600°C, and signifi-
cantly increased to 23.5 kOe &g is raised to 800°C. The
coercivity enhancement is 85%, compared with lthevalue
of 12.8 kOe for the ordered Ef£t,g Sample without Au cap
layer (dashed ling

Microstructures were analyzed using a field-emission

transmission electron microscopeEM) with an energy dis-
persive spectrometdEDS) attachment. The electron beam

size for the EDS chemical analysis is less than 7 nm. The

TEM image of the pre-ordered E@t,q film with a thickness
of 60 nm showed continuous film morphology with an aver-

age grain size of about 100 nm. Significant grain refining

occurred in the A(60 nm)/pre-ordered RgPt(60 nm bi-
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layer sample after a high-temperature interfacial diffusion af'G- 3. (@ TEM brightfield image for an A(60 nm/pre-ordered

800°C. An average grain size of about 20 nm was measure('igﬁf

from the TEM bright-field image, as indicated in Fig.ag
Two different regions were observed from the micrograph
the dark graingregion A) and the bright matrixregion B.

1Pt,o(60 nm) thin film postannealed at 800°C for 1 () selected area
raction pattern, an¢c) the micro-EDS analysis data for region A and
region B in the TEM image.

The selected area diffraction pattern of the sample is showftt ordered FePt phase. Micro-EDS chemical analysis data in

in Fig. 3b), indicating the coexistence of fcc Au phase and
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FIG. 2. Effect of diffusion temperature§,;, on the coercivities of the
Au(60 nm)/pre-ordered RgPt,g(60 nm) thin films. The dashed line indi-
cates the coercivity of the orderedsfet,, film without cap layer.

Fig. 3(c) further confirm that the composition of region A is
close to equi-atomic FePt and that of region B is pure aurum.

From the above data, we assure that the Au/FePt films
annealed at high temperatures demonstrate a partially iso-
lated two-phase structure. The FePt grain size in the bilayer
sample(~20 nm is much smaller than the grain size in a
pre-ordered FePt film without Au cap layer100 nm). We
suggest that the diffusion of Au into the FePt layer preferen-
tially occurred along the grain boundaries and some defect
regions of FePt. Smaller FePt grains were thus formed due to
the penetration of Au. In spite of the extensive diffusion, no
detectable amount of Au was measured inside the FePt
grains. This result can be explained by the insolubility of Au
atoms in anLl, FePt lattice.

Magnetic properties were measured by a superconduct-
ing quantum interference device magnetometer. Figure 4
shows the room-temperature hysteresis loops of the
Fe;,Ptg(60 nm sample without aurum layer and the bilayer
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largerx values have larger grain sizes and smaller isolation
distance between the, grains. Asx=200 nm, the FgPtq
layer is no longer isolated. We consider that as the thickness
of the FePt layer is large, it becomes more difficult for Au
atoms to penetrate the whole depth of the FePt layer. The

ﬁiM large FePt grain size and the lack of grain isolation could

[ —e— FePt 60 nm
750 |- single layer
F~~0— Au(60nm)/FePt(60nm)
500 |-

250 -
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explain the decreased coercivities. Fa40 nm, the
smallerH. can be due to the large grain size distribution of
ordered FePt from a few to tens of nanometers after high-
Sra e temperature annealing. This result may also cause a large
45 80 150 15 30 45 distribution in magnetic particle switching field, thus de-
applied field (kOe) creasing theH, values of the bilayer thin films.

FIG. 4. Room temperature hysteresis loops of thgfg(60 nm and the From the "’Tb_o"e_ data, we therefore sugges_t that the in-
bilayer Au60 nm/pre-ordered RgPty(60 nm thin films. creased coercivity is due to the effect of microstructure
modifications instead of the alloying effect of Au. We believe
Au(60 nm/ordered FePtg(60 nm thin films. The magne- that two effects can pa.rtiglly e>§plain _the large coercivity. The
tization values of both sgmples were not saturated under E’L\rSt Is the effect of grain isolation. High-temperature anneal-
maximum applied field of 50 kOe in this study. The ing was found to form partially isolated FePt grains in Au
Au/Fe;Plg film exhibits a high coercivity of 23.5.kOe matrix. Thi_s morphology promotes the independght rotgtipn
which is 85% larger than the coercivity of an orderedOf magnetic moments, thus enhances the coercivity. Similar

' . : - results of morphology dependence of coercivity were also
Fe;1Ptyq film without cap layer. The increased coercivity can 0 N . .
be explained by the result that the interior of the FePt grair{eportedl' By epitaxially sputtering Fefitl, ordered films

preserves a well crystallized , structure without significant Olr_' Mgdol((()jO]) SlébStrates' |slgnd-I|I§e thin films (;Ndih (;‘]ully
solution of Au, even after high-temperature interfacial diffu- 2//gned independent magnetic grains were producdthe

sion. The existence of Au in FePt lattice should be avoide(foemivity was reported to be ten times larger than those of

because Au was reported to be a stabilizing element for discontinuous FePt films, although the magnetic anisotropy en-

ordered fcc FePt phas®.Moreover, we observed that the €'9Y ﬁf the films Was_fr)ot increaséd. < the eff
slope of demagnetization curve at an applied field cloge.to The second modification in microstructure is the effect

for the bilayer Au/FePt is smaller than that for ordered Fepf! 9rain refining. The average grain size of FePt was de-

film without Au cap layer. The coercive squareness ratios?reaseol from~100 nm for a pre-ordered FePt film to

Sx, of the FePt film and the Au/FePt bilayer film were mea- 20 M for the b""%yef sample anngaled at 300°C, thl.Js
sured to be 0.70 and 0.65, respectively. The sm&ien the changes the magnetic-reversal behavior of the film. In a dis-

Au/FePt film implies that the switching process of magneticcontinuous Fept thin film, tr:je SWi:lChing m.eﬁhanjsr%of mag-
moments is more incoherent in the bilayer sample. The inco?€!ic moments was reported to change with grain SiZeor

herent process could be related to the isolation between Fepfdered FePt phase, a grain diameter-@0 nm is expected
magnetic grains by the nonmagnetic Au. to be a single-domain partlcféAccordlngly, we believe that

Further studies indicated that the coercivity of the bi—the d.ecreasg of_FePt grain §i;e approaching to single-domain
layer is strongly dependent on the thicknéss of the pre-  SiZ€ iS contributive to coercivity.
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