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Abstmt : SmFe thin films were prepared by DC magnetron sputtering at room temperature and 300 T2 . The influence of 
magnetic annealing temperature on the phase structure and magnetic properties was investigated. Results showed that 
thermal sputtering followed by a heat treatment process helped to obtain a structure with a relatively larg fraction of 
SmFe,. Residual phases observed were a-Fe, Sm,O,, and unknown phases. During the annealing treatment, the intrinsic 
compressive stress in SmFe films was relieved and could become tensile at higher annealing temperatures. The degree of 
in-plane anisotropy weakened, and firthmore, the anisotropy transformed into out-of-plane anisotropy . 
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Giant magnetostrictive rare earth (RE)-Fe based 
alloys were developed by Clark, Belson"] and Koon 
et al., approximately one quarter of a century ago[21. 
Although many RE-Fe alloys are found to exhibit gi- 
ant magneto~triction[~~, studies have mainly been di- 
rected towards Tb-Fe and Sm-Fe based alloys, be- 
cause of their large magnetostriction at room tempera- 
tureI4]. TbFe,-related compounds known as " Ter- 
fenol" have already been commercially used as pow- 
erful and fast Because of the prohibi- 
tively high material cost of Tb, their use has been 
mostly limited to military or high-end applications. 
For a broader range of applications in high magneto- 
striction materials, SmFe, with large saturation magne- 
tostriction and a relatively low material cost will be a 
preferable choice. Furthermore, in contrast to the 
TbFe, -based compounds, which exhibit elongation un- 
der an applied magnetic field, SmFe, produces a neg-  
tive magnetostricton that will be usekl in applications 
requiring large instantaneous compressive stresshtrain 

on demand"]. With rising applications in microelec- 
tromechanical systems, SmFe, thin films could pro- 
vide a fast-responding microactuator that can be re- 
motely switched using a magnetic field[*]. A large 
number of investigations have been performed in this 
field. Amorphous Sm-Fe thin films obtained by doub- 
le-cathode DC sputtering have shown in-plane anisot- 
ropy, whereas, films obtained by opposite-target DC 
magnetron tend to show a tilted anisotropy'']. Lim S 
H et al.[lol, report that adding small amounts of B im- 
proved the magnetic and magnetostrictive properties 
of Sm-Fe based thin films. The giant magnetostrictive 
multilayers prepared by alternately depositing SmFe 
hard-magnetic films and NiFe soft-magnetic films can 
further reduce the saturation field"']. Stresses in this 
film also influence the magnetic anisotropy of the film 
with compressive stresses promoting in-plane easy 
magnetization[l2I. Field-sputtering under a magnetic 
field of 40 -48 kA * m - '  was carried out to induce 
an is~t ropy"~] .  However, few fjmdamental studies 
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have been undertaken on the influence of magnetic an- 
nealingon SmFe films. Further research on the mag- 
netic properties of SmFe films under magnetic annea- 
ling will be beneficial for the technological applications 
of magnetostrictive material devices. 

In this study, SmFe films were prepared by DC 
magnetron sputtering and annealed in a magnetic field. 
The influence of magnetic annealing was shown to de- 
pend on the stresses present in the film during annea- 
ling. 

1 Experimental 
SmFe films with the thickness of approximately 

600 nm were deposited on a silicon substrate by DC 
magnetron sputtering. The temperature of the sub- 
strate was controlled at room temperature and 300 “c . 
A SmFe tar@ (@ 70 mm) with 45%(atom fraction) 
Sm and 55% of Fe was utilized. High-pure argon 
(99.999%) was employed as the sputtering gas and 
the sputtering pressure was 0.7 Pa. Additional sputte- 
ring conditions were used: 1 x 10 Pa base pressure, 
60 mm target to substrate distance, and 30 W DC in- 
put power. The film composition determined by EDX 
was Sm,,Fe,. The films were then given magnetic an- 
nealrng treatments in high vacuum (below 2 x Pa) 
with 48 kA . m - ’  field applied in the plane. Annea- 
ling temperatures were applied at 225,  325, 425 and 
550 “c for 30 min. 

The crystal structure of the samples was exam- 
ined by X-ray diffraction (XRD) [ Ri&, D/ max- 
RBI using Cu Ka radiation. The surface morphology 
and composition of the films were characterized by u- 
sing field emission scanning electronic microscopy 
(FE-SEM) [ XL30S-FEG, Philips] and energy disper- 
sive X-ray spectroscopy (EDX). Room temperature 
magnetic measurements were carried out in an ac gads 
sample magnetometer ( AGM ) [ MicroMag ’ 2900, 
USA]. Samples were prepared by cutting with a dia- 
mond wafering saw. The properties measured include 
coercivity ( H c ) ,  saturation magnetization ( M ,  ), and 
remanence (Mr). M ,  and M ,  depend on sample volume 
which may not be measured accurately. Therefore, the 
ratio of M r / M ,  was used to compare samples. 

2 Results and Discussion 

2.1 XRD chsuacterizations 
The XRD results provide more detailed informa- 

tion regiirding the structure of the SmFe films. Fig. l 
shows the XRD patterns of SmFe films deposited at 
room temperature and annealed at different tempera- 
tures with a magnetic field. The XRD spectrum of the 

as-deposited sample reveals a very broad peak around 
30” indicating that the sample is XRD amorphous. 
When the annealing temperature is 325 “c (Fig. 1(2)), 
a clear peak is evident, which can be attributed to the 
oxidation of Sm. In contrast, when the annealing tem- 
perature reaches 425 “c (Fig. 1 (3 )), the diffraction 
peak of Sm,O, intensifies. Elemental iron, SmFe, 
phase, and an unidentified phase are also detected. 

Fig. 2 shows the results of the SmFe films de- 
posited at 300 “c and magnetic annealed at different 
temperatures. The SmFe film prepared on a substrate 
and heated at 300 “c has crystallized. Portions of Sm 
atoms have been oxidized to Sm,O,(Fig. 2 (1)). The 
peak of SmFe,{220} appears, but still shows low in- 
tensity. With the annealing temperature increasing, the 
diffraction peak of Sm,O, has obviously intensified. 
At the same time, the peaks of SmFe, and Fe have al- 
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F i g  1 XRD patterns for the SmFe films deposited at room 
temperature ( 1 )  and magnetic annealed at 325 g: (2), 
425 g: (3) 
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Fig 2 XRD patterns for the SmFe films deposited at 300 g: 
(1) and magnetic annealed at 550 g: (2) 
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