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Ç 1  ÈÉLMÊ Fe-Ga-Al-Y MF AFMËÌefgh 

Fig.1  AFM three-dimensional surface topography of typical 

conventionally prepared Fe-Ga-Al-Y MF 

 

 

 

 

 

 

 

 

 

 

Ç 2  ÈÉLMÊ Fe-Ga-Al-Y MFefgh 

Fig.2  Surface morphology of typical conventionally prepared 

Fe-Ga-Al-Y MF 
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Ç 3  XR�¨�EFGH12��IJKLM0 Fe-Ga-Al-Y 

MF1NOPÎÏ-12vu(λ-H)Ð� 

Fig.3  Curves of magnetostrictive coefficient-magnetic field inten- 

sity (λ-H) of the Fe-Ga-Al-Y MF prepared under the 

environment of applying static magnetic field of different 

directions during the film formation 
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Ç 4  XR�ÑsGH12��IJKLM0 Fe-Ga-Al-Y MF

0 λ-HÐ� 

Fig.4  Curves of (λ-H) of the Fe-Ga-Al-Y MF prepared under the 

environment of different strength of static magnetic field 

during the film formation 
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Ç 5  XR�¨�EFGH12��IJKLM0 Fe-Ga-Al-Y MF1��� 

Fig.5  Hysteresis loop of the Fe-Ga-Al-Y MF prepared under the environment of applying static magnetic field of different directions 

during the film formation: (a) without magnetic field, (b) parallel to the minor axis of substrate (24 mT), and (c) perpendicular to 

the minor axis of substrate (24 mT) 
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Ç 6  XR�ÑsGH12��IJKLM0 Fe-Ga-Al-Y MF01��� 

Fig.6  Hysteresis loop of the Fe-Ga-Al-Y MF prepared under the environment of different strength of static magnetic field 

during the film formation: (a) 0 mT, (b) 13 mT, (c) 24 mT, and (d) 35 mT 
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Table 1  Parameters of magnetic properties of the Fe-Ga-Al-Y MF prepared under the environment of applying static 

magnetic field of different directions during the film formation 

Magnetic field Direction M

s

/�10

4

 A·m

2

·kg

-1

 M

r

/�10

4

 A·m

2

·kg

-1

 H

c

/kA·m

-1

 M

r

/M

s

 

x 0.019223 0.010711 2.495524 0.557197 

No magnetic field 

y 0.017738 0.009395 2.462824 0.529653 

x 0.017833 0.009084 1.124938 0.0509393 

Perpendicular to the short axis 

y 0.017526 0.013417 1.497586 0.765548 

x 0.019782 0.013207 3.007424 0.667627 

Parallel to the short axis 

y 0.019734 0.012635 2.935842 0.640266 
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Table 2  Parameters of magnetic properties of the Fe-Ga-Al-Y MF prepared under the environment of 

different strength of static magnetic field during the film formation 

Magnetic field/mT Direction M

s

/�10

4

 A·m

2

·kg

-1

 M

r

/�10

4

 A·m

2

·kg

-1

 H

c

/kA·m

-1

 M

r

/M

s

 

x 0.019223 0.010711 2.495524 0.557197 

0 

y 0.017738 0.009395 2.462824 0.529653 

x 0.019488 0.010458 2.579765 0.536638 

13 

y 0.018311 0.009526 2.773163 0.520234 

x 0.019782 0.013207 3.007424 0.667627 

24 

y 0.019734 0.012635 2.935842 0.640266 

x 0.020526 0.011578 3.803096 0.564065 

35 

y 0.020637 0.013525 4.161606 0.655376 
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Abstract: With the help of self-designed magnetic field generator, beryllium bronze as the substrate, Fe-Ga-Al-Y magnetostrictive film 

(MF) samples were prepared under different static magnetic field environments by ion beam sputter deposition (IBSD), whose composition 

is Fe

74.34~79.33

Ga

11.45~13.73

Al

5.33~6.95

Y

3.27~4.36

. The surface morphology of Fe-Ga-Al-Y MF was observed by atomic force microscopy (AFM) 

and scanning electron microscopy (SEM). The deflection of cantilever and hysteresis loop of films was measured by laser 

micro-displacement sensor and alternating gradient magnetometer, respectively. The surface morphology of Fe-Ga-Al-Y MF and the effect 

of the direction and size of the static magnetic field applied during deposition on magnetic properties of the films were studied. The results 

show that the thin film samples prepared by IBSD method have smooth surface, no obvious defects, and the structure of the thin film is 

uniform and compact. The easy magnetization axis direction of films can be regulated by static magnetic field applied during film 

formation. The easy magnetization axis direction of Fe-Ga-Al-Y MF is the same as the direction of the static magnetic field applied during 

film formation. When the direction of static magnetic field applied during film formation is parallel to the minor axis direction of the 

substrate, it can significantly improve the saturation magnetostrictive properties of the Fe-Ga-Al-Y MF. With the increase of magnetic field, 

the saturation magnetostriction coefficient of film has been continuously improved; the saturation magnetization and coercive force of the 

films within the film plane (along the x-axis direction, y-axis direction) gradually increase. 

Key words: Fe-Ga-Al-Y magnetostrictive film; IBSD; applied static magnetic field; magnetic properties 
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