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Fig. 1. XRD spectra of (a) Sms gFegsa.2 and (b) Smas.oFeg7.0 films with different film thicknesses under 0 and 6 T

magnetic fields.

(a1) (B0RE

(b1) (8

(b3)

(e3)

B2 016 T, BEA (a) 20, (b) 50, (c) 200 nm ff) Sms sFegs.2 Al Smas oFeer.o HIMEK 5 um x 5 um AFM %
(al)—(c1) 0 T, Sms.gFega.2; (a2)—(c2) 6 T, Sms.gFega.2; (23)—(c3) 0 T, Sm33.0Fes7.0; (ad)—(c4) 6 T, Smss.0Fes7.0
Fig. 2. 5 ym x 5 pm AFM images of Sms gFegs.2 and Sm3z.oFeg7.0 films with the thicknesses of (a) 20, (b) 50,
(¢) 200 nm under 0 and 6 T magnetic fields: (al)—(cl) 0 T, Sms.gFegs.2; (a2)—(c2) 6 T, Sms gFega.2; (a3)—(c3) 0 T,
Sm3s.0Fesr.0; (ad)~(c4) 6 T, Smas oFesr.o.
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Fig. 3.

(a) Surface particle size of crystalline Sms gFegq 2 film; (b) surface particle size of amorphous

Smas.oFeg7.0 film; (c) surface line roughness of crystalline Sms.gFegyq.2 film; (d) surface line roughness of

amorphous Sm33z.oFeg7.o film.

097501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 67, No. 9 (2018) 097501

2000
(a)
—a& 0°
1000 [ @ 45°
7 —A— 90°
g
4
= 0
g
L
=
—1000 F
—2000 L L
—100 —50 0 50 100
H/Oe
2000
()
—a& 0°
1000+ @ 45
7 —A— 90°
g
9
=
g 0
<
~
=
—1000}
—2000 L L
—100 —50 0 50 100
H/Oe
2000
(e)
—a 0°
1000 - @ 45°
7 —A— 9°
g
Q
=}
g 0
Q
~
=
—1000
—2000 L L
—100 —50 0 50 100
H/Oe

B4 ERIHEETN N5 5B AR A R A, AR T A Sms sFega o MR M-H £

2000

1000

M /emu-cm~3

—1000

—2000
—100

2000

1000

M/emu-cm~—3

—1000

—2000
—100 —50 0 50 100

2000

1000

M/emu-cm—3

—1000

—2000
—100 —50 0 50 100

H/Oe

(a) 20 nm, 0 T;

(b) 20 nm, 6 T; (c) 50 nm, 0 T; (d) 50 nm, 6 T; (e) 200 nm, 0 T; (f) 200 nm, 6 T

Fig. 4. Room temperature M-H curves of crystalline Sms gFegs 2 film under different conditions at different angles

between measured magnetic field and easy magnetization axis in the plane of the films: (a) 20 nm, 0 T; (b) 20 nm,
6 T; (c) 50 nm, 0 T; (d) 50 nm, 6 T; (e) 200 nm, 0 T; (f) 200 nm, 6 T.
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Fig. 5. Room temperature M-H curves of amorphous Sms3 oFeg7.0 film under different conditions at different angles

between measured magnetic field and easy magnetization axis in the plane of the films: (a) 20 nm, 0 T; (b) 20 nm,
6 T; (c) 50 nm, 0 T; (d) 50 nm, 6 T; (e) 200 nm, 0 T; (f) 200 nm, 6 T.
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of amorphous Smss gFeg7.0 film; (c) coercivity Hc of crystalline Sms gFegq 2 film;

amorphous Sm33‘0Fe67_0 film.
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Abstract

In order to tune the crystalline texture evolution and magnetic properties of the Sm-Fe film, molecular beam vapor
deposition method is used to fabricate the Sm-Fe films. Sm content, thickness, and high magnetic field are used to affect
the crystalline texture and magnetic properties. X-ray diffraction is used to analyze the texture evolution. Atomic force
microscope is used to observe the surface morphology and roughness. Energy-dispersive X-ray spectroscopy is used to
measure the compositions of the film. Vibrating sample magnetometer is used to test the magnetic properties. The
results show that the crystalline textures are tuned through the Sm content. The crystalline texture evolution and high
magnetic field have significant effect on the magnetic properties of the Sm-Fe film. The Sm-Fe film with 5.8% atomic
content is of bec crystal structure and is of amorphous structure with 33.0% Sm. Neither the thickness nor the high
magnetic field has an influence on the crystalline texture. The surface roughness and particle size on the surface of the
amorphous film are smaller than those of the crystal film. A 6 T high magnetic field increases the surface particle size and
reduces the surface roughness. Saturation magnetization My of the amorphous film is 47.6% lower than that of the crystal
film (1466 emu/cm®, 1 emu/cm® = 47 x 107'° T). The 6 T high magnetic field reduces the M of crystal and amorphous
film by about 50%. The coercivity H. values of the Sm-Fe films are in a range of 6-130 Oe (1 Oe = 10®/(41) A/m).
The H. of the amorphous film is higher than that of the crystal film. The 6 T high magnetic field increases the H. of
the crystal film and reduces the H. of the amorphous film. The highest reduction is 95%. The anisotropy of the crystal
film transforms to isotropy of the amorphous film. High magnetic field increases the anisotropy of the crystal film. The
squareness of the crystal film is much higher than that of the amorphous film. High magnetic field has a significant effect
on the measured magnetic field to obtain saturation magnetization in the film. This measured saturation magnetic field
increases in the amorphous film and decreases in the crystal film after the high magnetic field has been exerted during
the film growth. These results indicate that the Sm content and high magnetic field can be used to tune the crystal

textures and magnetic properties of the Sm-Fe films.
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