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Effect of Growth Temperature on Magnetism of GdFe,, Epitaxial Thin Films
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Alloys of rare earth metal and transition metal with ThMn;, structure are expected to have high saturation magnetization and high
magnetic anisotropy. Despite its advantages, it has not been commercialized because of its metastability. GdFe;, is a material having
ThMn,, structure. Therefore, it is expected to be difficult to stabilize GdFe,, in bulk form. In this study, GdFe,, was fabricated in the
form of epitaxial thin films to stabilize the phase. The films were grown epitaxially from 500 °C to 200 °C. From the results of x-ray
diffraction and x-ray absorption, it was confirmed that a (330) GdFe,, thin films were grown. The epitaxial GdFe,, thin film had a
saturation magnetization (M) = 1130 emu/cm’ and coercivity = 712 Oe at a deposition temperature of 400 °C.
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Fig. 1. (Color online) (a) The diagram indicates film synthesis process of Mo-capped GdFe,, films on epitaxial Mo buffered layer. (b) r.m.s
roughness as a function of GdFe;, growth temperature shows significant surface roughening occurs, when GdFe, is grown at 500 °C and higher.
Inset images show surface morphology of thin films grown at 7, =400, 600 °C.
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Fig. 2. (Color online) X-ray diffraction patterns of Mo-capped GdFe,
films grown on epitaxial Mo buffer layer at different GdFe,, growth
temperatures (7,). (110) Mo and (330) GdFe,, are clearly seen when
growth temperature is in between 500 °C and 200 °C.
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Fig. 3. (Color online) X-ray absorption spectroscopy of the (a) Fe L-edge and the (b) Gd M-edge of Mo capped GdFe; films.
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Table I. XRR fitting parameter of GdFe, films deposited at different
substrate temperature (7).

T, (°C)  Thickness (nm)  Roughness (nm) SLD (A™)
400 6.5 0.25 548 x 10°%
300 133 0.24 553 % 10°%
200 16.6 0.26 531 x10°%
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Fig. 4. (Color online) X-ray reflectivity, its fitting, and scattering
length density results of GdFe,, films grown at different temperatures
(T,): 200 °C, 300 °C, and 400 °C.
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Table I1. Coercivity and saturation magnetization of GdFe, films
deposited at different substrate temperature (7).

T, (°C)  Coercivity (Oe)

Saturation magnetization (emu/cm’®)

400 712 1130 £ 43
300 140 786 +24
200 469 746 + 12
1500
—o— T,=400°C o
0oL —o— T,=300°C P L s
o T,=200°C
—~ 50} :
£ &
S 4
£ \ o
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Fig. 5. (Color online) Magnetic hysteresis loops of the GdFe, films at
different growth temperatures for 400 °C and below. GdFe,, film of
grown at 300 °C and above have a comparable saturation magnetization.
Inset graph shows coercivity of GdFe, films.
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