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Electrodeposited FePt Films

Fernando M. F. Rhen, G. Hinds, C. O’'Reilly, and J. M. D. Cdégmber, IEEE

Abstract—A novel bath for electrodepositing FePt films was de- side with varnish and connected to a 1-mm copper wire. Just
veloped and films were electrodeposited on copper substrates with pefore electrodeposition, the substrates were dipped into a 10%
thickness up to 0.45um. The magnetic and structural properties H,SO, solution to remove any oxide layers and then dipped

of the films were measured. The films developed 0.3-T coercivity . . . . . .
after annealing at 400°C and formed the L1, FePt phase. Films into deionized water. Fresh solutions were vigorously stirred in

are shiny and smooth. Morphology was found to be affected by the OPeN atmosphere at room temperature and the deposition took
annealing process. place immediately after inserting the substrate into the bath.

Index Terms—Electrodeposition, films, L1, FePt, magnetiza- The d_epOSItlon was controlled using an EG&G model 263A
tion. potentiostat.

Composition of the samples was determined by energy dis-
persive X-ray spectroscopy (EDX) and morphology was exam-
ined using a scanning electron microscopy (SEM). The crys-

HE face-centered tetragonal FePt phase, known as th#ine structure was investigated by X-ray diffraction (XRD)

L1, phase, is of interest for permanent magnet apith Cu K, radiation and a 0.02step. Magnetic properties
plications due to its excellent intrinsic magnetic propertiegere measured in a 5-T superconducting quantum interference
(oM, = 1.43 T, K; = 6.6 MJ/m®) and corrosion resistancedevice (SQUID) magnetometer and the thickness was evaluated
[1]. Numerous studies have been carried out to develop hacan atomic force microscopy (AFM) in the contact mode.
magnet films of this material due to potential application in Films were deposited with thickness of about 0.48.
high-density recording media and microelectromechanicAs-deposited films were amorphous and therefore subjected
(MEMS) systems [2]. Most of these studies have used spte-annealing at temperatures between 400 and°@@nder
tering, vapor deposition, or laser ablation. Thin-film samplegcuum of 106 torr. The annealing process consists of heating
typically show coercivities between 1-2 T [3]-[8] while bulkup a furnace to the desired temperature, inserting the sample
samples typically show coercivity values of 0.5 T [9]. Onlynto the furnace at a temperature for the annealing time, then
recently, Huanget al. have electrodeposited nanowires ofemoving the sample and leaving it to cool down to room
FePt in a porous anodized aluminum disk from a single bagmperature, all under vacuum.
[10] in despite of the remarkable progress on electrodeposited
CoPt films [11]-[13]. Here, we present the first report in [Il. RESULTS AND DISCUSSION

the literature of the preparation of continuous FePt films by Platinum is electrodeposited from a complex ion %’I?Cin

electrodeposition from a novel bath and we also present th{%r . :
. o 0 consecutive steps on the working electrode
structural and magnetic characterization.

. INTRODUCTION

PtCl? + 2e « PtCI; % 4 2CI~ 1)
[I. EXPERIMENTAL DETAILS PtCI;Q 4 % < Pt+ 4CI™. @)
FePt films were electrodeposited on polycrystalline Cu ) ) )
substrates from a single bath containing 1 mmolPtCl;, The standard reduction potentials for the reactions (1) and (2)

0.1 mol/l NaSO; and 0.1 mol/l FeS@ The solution pH was are 0.52 and 0.54 V quoted relative to Ag—AgCl reference elec-
adjusted to 2.9 by adding a small amount of either sulfuric adgPde [14]. As Ptis more noble than copper, we observed that
or hydrochloric acid. The counter electrode was a 6-mm diaffle deposition of Pt takes place even without applying a poten-
eter by 50-mm long graphite rod and the reference electrol@ to the electrochemical cell. The standard potential for’Fe
was Ag—AgCl saturated with KCI with factory calibration ofréductionis—0.669 V. Inthis case, we have selected the concen-
205 + 5 mV. All potentials are quoted with respect to thidration of Fe 2 (0.1 mol/l FeSQ) in order to have Fe deposition
reference electrode. Solutions were prepared from 100 ggverned mainly by reaction kinetics and the concentration of
—92 2 : - .
deionized water. Cu substrates were used as working electrofisk = (1 mmol/I1;PtCl; %) in order to have Pt deposition in
and cut out from 99.9% pure copper foil 0.5 mm thick intgh® mass transport regime. By measuring the thickness of the

5 x 5 mm squares. These substrates were coated on il in an AFM and taking account of the integrated charge, we
estimated the current efficiency. Values of about 5% @at7 V
. . _ _ and 23% at-1.1 V were found.
Manuscript received December 23, 2002. This work is part of the frame- . . .
work of the European project for the development of high-temperature magnetsF>t content in the films was found to vary almost Imearly
“HITEMAG” which is supported by the Commission of the European Unioraround—0.9 V as shown in Fig. 1. Films were shiny and ho-

(D.G. X _ , - __mogeneous. EDX analysis showed distinct and very low inten-
The authors are with the Physics Department, Trinity College, Dublin D2, 0 . 7

UK. (e-mail: rhenf@tcd.ie). Sity Cl peaks &1 at../o) whlc_h comes frpm Pt complex.
Digital Object Identifier 10.1109/TMAG.2003.815566 ion. After the reduction of this complex ion the concentration
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Fig.1. Ptcontentas a function of the overpotential and current density applied

to the electrochemistry cell.
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Fig.2. XRD of FePtfilms annealed at 40C, 500°C, and Cu substrate. Films

electrodeposited at 0.9 V.

of CI~ increases on the surface of the working electrode; thef@ 6046

fore, some of these ions are likely to be trapped by the depositing

material.

Films electrodeposited at0.9 V with a total charge of 2.4 C
showed a thickness value of 0.45 when plated over an area
of 0.25 cn?. This gives a rate of 0.76m C 'cm~2 that was

verified between 0.6 to 2.4 C.

The diffraction pattern of as-deposited films ai0.9 V
showed only a broad amorphous hump. Films subjected i)
annealing developed a combination of ordefdd FePt phase
and a minor amount of E®, as shown in Fig. 2. The optimized
annealing time that leads to greater amountd.t§ FePt in
the annealed samples at 490 is 20 min, and at 500C it is
10 min. Samples subjected to long annealing (60 min.) show;
severe cracking that partially or totally peeled the film off th(t-z
substrate. Fig. 3 shows the initial development of cracking

samples annealed at 40C for 20 min. It is likely that these
cracks are due to internal stress in the films which may come

from gases absorbed during the deposition sudh:aandOs.

We

SEM of sample (a) before and (b) after annealing at4Dfbr 20 min.
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Room temperature hysteresis loops of FePt films annealetGl@ad

of the magnetization curve suggests the presence of two-cou-
pled phases where the major presence of the lower coercivity
phase tends to reduce the coercivity when compared to sam-
ples annealed at 40@ which show a higher coercivity (0.3 T)
and better loop shape. Coercivity values in the present study
re smaller than reported for FePt thin films (1-2 T) [3]—[8]
and close to both values of FePt bulk (0.5 T) [9] and electrode-
posited CoPt thin films (0.5 T) [11]. Saturation magnetization
50 J/Tkg(uoMs = 0.95 T) is in agreement with reported values
for bulk samples produced by cold deformation [15]. The rema-
Agnce ratior, /o, calculated for this sample is 0.65, suggesting
(he existence of intergrain exchange interaction among the fine
(rthrains. The samples are magnetically isotropic.

IV. CONCLUSION
have presented the first report of continuous elec-

Magnetic measurements are shown in Fig. 4. The samptesdeposited FePt film. Thd.1, FePt phase was developed
annealed at 500C exhibit coercivity of 0.2 T and the shapeafter annealing at 400C, resulting in 0.3-T coercivity. This
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method using a novel bath, when compared to vapor deposition7]
methods, opens an alternative route for the production of FePt

films that may be useful for MEMS applications.
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