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Fig. 1. The substrate holder for magnetic sputtering
(sputtering under an applied magnetic field) used in this
work. A couple of NdFeB magnets are used to apply the
magnetic field which is in the range 500~600 Oe.
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Table 1. Sputtering conditions used in the present
experiments.

Parameters Conditions
Vacuum <7x1077 Torr
Sputtering gas Ar
Sputtering pressure 1~30 mTorr
Target (T) Fe or Fe-B disc (100 mmo)
Sm chips (5x5 mm?)
Substrate (S) Si wafer, (100), p-type
T-S distance 60 mm
RF input power 200 300 W
Film thickness 1 pum
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Fig. 2. The remanence ratio as a function of the Sm
content for as-deposited Sm-Fe thin films, measured in the
directions (a) parallel, and (b) perpendicular to the easy
direction (or the stray field direction).
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Fig. 3. The coercive force as a function of the Sm
content for as-deposited Sm-Fe thin films, measured in the
directions (a) parallel, and (b) perpendicular to the easy
direction (or the stray field direction).
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Fig. 4. (a) The remanence ratio and (b) the coercive force
as a function of the Sm content for as-deposited and field-
annealed thin films of binary Sm-Fe alloys. The words
“Hard” and “Easy” indicate the hard and easy magnetization
directions, respectively, in the as-deposited state.
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Fig. 5. M-H hysteresis loops for Smy,,Fe;, 3B, 5 (in at.%) thin films (a) in the as-deposited state, and (b) sputtered under
an applied magnetic field. Two loops measured in the easy and the hard directions are shown for each sample. Also
shown in the insets are the results obtained at the maximum magnetic field of 15 kOe.

e BAHE RS AT 5 2ok o]v] 14 A
o 23 vlekshet Ealsloube] WAdo] dals]
9d7) wEel, A Fael oo 2o} 2 fEAslo]
#42) 3Ago) st o]t Fig. S(a)s} (b)el 54
o) el Wy o Axa vt A7 skt
P 71 FUE AR EH A 2Ae uhete)
A71eldFA e dehhsich. wtete) 24 A%z
4] Sm 26.2, Fe 72.3 9 B 1.50]|t}. Fig. 5@)ollA] B
ulsh o] $49) WpHow SHE wuhe Az} o]
5 9 A% 2uEe Wgoz ARe sk
24" AleldFAe] A9 Aolg molx eherh.
FAH 2 BAHE 27|22 A7} kel o) 3k
shi, ZAgulE A3 gol% o Al 2t
A 24Y A9} AS 2R e s Wk
A5uc} ozt £& AEeleh. 22} Fig. SbIA 1
£ vhsh o] A S wpeke] A9 A fol s o
TR oz 29 Aol 2 w14 2 o]
7b AR, A8 fo)% woz Ar|HE Wk
A EAY A1elGRAL A9 10 ke 2]
B Wolul, wheloll Ash TS Wgo 24 A
JHITHL A2 09 7k AN E naT}. olet

AL 271 Q7bsbEA FabE wbtell A 1A} 4
e A& F=AprlolAde] mi¢- 2 P2
ofu| g}, =429l uhy o 2 Re] 7 Fxalz|ot
A2l Z7)+ 6x10* Iim’e|c}. o)l AR FEEHA
el AAA oA A=) (10°~10° J/m’) Bohe
AR Froht [15], ¥1AA HolFelA] #A= s
(10°~10° J/m’) [12-14] b= WA & S3o|t}.

Fig. 6, 7, 8ol Fig. 5| viehdl ubah-Eo tisle] =}
71y AE Jedigdc). 9714 & 71A) FE5E A
< Fig. 58] A3} 214 234 83l A4 10 mme]
243 Aol i3k Ao, Fig. 6, 7, 8l el A}
2 A7ey 234 A8l 4 mmx24 mme] =4}
748 ARl A Asfolrt. o] HalztgelA A
5] v w [ W] Hojwste
e vehdisdch 2 34 214-E e &
Wk Aol A whE wEHE Wk e L))
olr}.

Fig. 6elli= 50121 2}7] Aol 2] 2] “¥3}” A}7]H 3 o]
247173l wet wWstsle A5 Jehl oled, 2
HoAlA Bz npe} o] App P3| 9&81A| ¢ “E
3 A7 A= %(/li, —A)e FEAIIMA ¥




—268—
T T T T I T
800 -
3
700 | g
800 | i
o] J
’é‘ 400 | s
a
g L
~ ]
‘? 300 | .
1
200 | <
100 L .
I J) - -@- - field sputtering
0} —o— non field sputtering .
-100 { i | WP | PR | N 1 1
0 1000 2000 3000 4000 5000
H (Oe)
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under an applied magnetic field (broken line).
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Induced anisotropy with the energy of 6x 10° J/m® is obtained in amorphous Sm-Fe based thin films which are
fabricated by rf magnetron sputtering under a magnetic field of 500~600 Oe. Compared with conventional thin films,
the anisotropic thin films exhibit a similar “saturation” magnetostriction, but show a very large anisotropy in
magnetostriction which is of significant practical importance due to increased strain at a particular direction. It is
shown from a systematic investigation over a wide composition range for binary Sm-Fe alloys that anisotropy is also
induced, though small, during a normal sputtering procedure due to the stray field, and the largest anisotropy is
observed in the composition range of 25~30 at.% Sm. Furthermore, induced anisotropy is also found to be formed by
magnetic annealing, but the anisotropy energy is much smaller than that by magnetic sputtering. This may be because
the volume diffusion by which atoms move during magnetic annealing to form induced anisotropy is much slower
than the surface diffusion which is expected to be a dominant factor during magnetic sputtering.



