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Precipitation Process of Highly Resistive Soft Magnetic Films
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The precipitation process of highly resistive soft mag-
netic Fe-M-X (M=Al, B, Sm, V; X=0, N) films was in-
vestigated. The process can be understood in terms of a
difference of Gibbs free energies between M-X and Fe-X,
the atomic diffusion rate for M, X in a-Fe, and crystalliza-
tion of the intergranular phase. Fe—(Al, Sm)-O films, which
have large —AGus, exhibited a stable fine crystal structure
in the as-sputtered state. By analyzing the precipitation
process, using Johnson-Mehl-Avrami plotting, we found
that the slow atomic diffusion in a-Fe brings about the
lowest coercivity. Specifically, Fe—(Al, Sm)-O films, which
have low diffusion rates, have exhibited H. of 0.5-1.0 Oe,
while Fe-V-0 films, which have also low diffusion rates,
showed a rapid and distinct crystal growth of the inter-
granular phase (V-0) at an early stage of the precipitation
process. This allowed a rapid growth of a-Fe, which had
been suppressed in the other Fe-M-X systems.

Key words: precipitation process, highly resistive soft
magnetic films, Gibbs free energy, atomic diffusion, inter-
granular phase
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Table 1 ic 3RMHOMBED —AG® & —AGh: R LY, &
3, Fe-B-N & FeB-OiciEHT 5L, —AG° i Fe-B-O DK
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Table 1 Values of the Gibbs free energy (—AG°) and
the difference of those values (—AGg)

The value of —AGax is calculated by using the
—AG°® of M-X and Fe3O4 (—1162k]J/mol) or FesN
(—567 kJ/mol) (ref. 11).

M-X — AGi —AG°

BN 200 257

B:0s 31 1191

Al,04 424 1586

Sm;05 618 1780

V205 191 1353
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Fig. 1 XRD patterns for various annealing temperatures (7).
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Fig. 2 Dependence of (a) the a-Fe grain size (D) ob-
tained from Scherrer’s equation and (b) the coercive
field (H.) on the annealing temperature (7). The grain

sizes on the broken lines were
from the halo peaks of the amor
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estimated tentatively
phous phase.
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Fig. 3 (a) Dependence of the a-Fe grain size (D) on the

annealing time and (b) the Johnson-Mehl-Avrami
plots.
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Fig. 4 TEM photographs of (a) Fe-B-N, (b) Fe-Al-O,
and (c) Fe-V-O films.
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oy b LTERLE. BER%E aFe ho R OILEL O EHEAL
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Table 2 Values of the activation energy (@) and of
atomic diffusion (@p) in Fe (refs. 12, 13)

System Q/[kJ/mol] Qp/[kJ/mol]
Fe-B-N 46+30 B: 78.4

N: 79
Fe-B-O 85+14 B: 78.4

0: 98-167
Fe-Al-O 285+ 3 Al: 142-305

0: 98-167
Fe-Sm-O 256+ 6 Sm: —

0: 98-167
Fe-V-0 12216 V: 220-267

0: 98-167
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DT EBRWEENRTNSY,

R=B'(r//f) (4)
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LEZLONE, LEkd->T, MAHOEERESEL I &%
Bl h, MAMHOKEKEL LT EE LTRIZD BiFs~X
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IKiE B, COid, a-Fe DEERELZNHITE S, B a-Fe
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Fig. 5 Relationships between the grain size of a-Fe (R)
and V-0 phase (r)/f°5, where f is the volume fraction of
the V-O phase and r is the grain size of the V-O phase
in Fe~V-0 films.
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