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Nanocrystalline Fe-Si-B-Nb-Cu alloy ribbons were annealed in the magnetic field of 400 kA/m applied in the width
direction of the ribbon to investigate the magnetic properties and structure. Induced magnetic anisotropy was
obtained at all temperatures in the heat treatment range from 460 °C to 660 °C. The best magnetic properties were
obtained in the high frequency region above 100 kHz in the magnetic field heat treatment at 550 ‘C. The relative
permeability z» at 500 kHz was 9000. Magnetic core loss was very low value of 180 kW/m? at 100 kHz after magnetic
field annealing. The generated crystals had the structure of aFe (Si) and the grain size was 13 nm. It was also found
that the induced magnetic anisotropy imparted to the core by the magnetic field heat treatment at 550 °C was
maintained in an environmental test.
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Fig. 1 XRD spectra of nanocrystalline Fezs Siis Br Nbs
Cui alloy annealed at 460-660 °C.
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Fig.2 XRD spectra of nanocrystalline Fers Si1s Br Nbs
Cu alloy annealed at 550 °C with magnetic field.
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Fig. 3 Change in the lattice parameter of
nanocrystalline Fers Si1s Br Nbs Cu1 phase with
annealing temperature with magnetic field.
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Fig. 4 Crystal grain size of nanocrystalline Fers Si1s Br
Nbs Cui phase with annealing temperature with
magnetic field.
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Fig. 5 Field annealing temperature dependence of
B: - Byoo! for a nanocrystalline Fers Siis Bz Nbs Cus alloy.
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Fig.6 DC B-H curves of nanocrystalline Fe7s4 Sii5 By
Nbs Cui alloy with magnetic field.
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Fig. 7 Field annealing temperature dependence of

1 for a nanocrystalline Fezs Si1s Br Nbs Cus alloy.
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Fig. 8 Field annealing temperature dependence of
FPev for a nanocrystalline FersSii5 B7 Nbs Cus alloy.

% O LB 1 OBLVENE FEIR T2 R, BVLEE T
L L BITHBRGRAIN L Fig. 5 TIRAMLLTH -T2
550 °C Tl K & 7o 72, 550 °C LLEOEVILELIR i3tk
N L TnE, AU <KARLETH 72 660 °C Tlh
BRI BRI E 22 > 72, 100 kHz CTIERESEIINC X
5HUWERRITV 20, 100 kHz LY EEKTH S 500 kHz
TIE, 460 °C 75 660 °C D4 T O EEFFH I IV TS
HEVLIEIC 1 5 e BRER O W ER BARD b D,

I ORR Pov OGS FESLIR O E) FAZ SOV TRll~ 7.
Fig. 8 (ZHids VIV O U8 e O BIVELE FE AR (71 %
Y. BVUEE R B & & BT 2 Y 550°C Th
HIRNRRIZAR D Z ENHERTE D, Fiz, BEGFIINC X
5T 460 °C 725 660 °C £ TOALTOIREFHKIC IV TR
DK Pov ME T 8ERBA SN o7z, ZiLE
TORF LY, 550 °C TR EVILERL 217\ FE B R SR
HORH G232 2 L TR b IRMTI, &R SRR X
OMEBODHERPEOND Z LB bhoTz
3.3 BB BLIRIC L B B E RS AFEOR E

A AT B\ TR hEVIVEL . o SR SRR LI D
T 460 °C, 550 °C, 660 "C O Btk 2 #iat L=

12 Transaction of the Magnetics Society of Japan (Special Issues) Vol.6, No.1, 2022



100

H,, = 400 kA/m

10

2, (107

-#-460 "C —+550 °C %660 "C -~ 550 "C (0 kA/m)

0.1

1 10 100 1000
Frequency (kHz)

Fig. 9 Frequency dependence of z: for a
nanocrystalline Fezs Siis Br Nbs Cui alloy.
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Fig. 10 Frequency dependence of Fev for a
nanocrystalline Fers Siis B7 Nbs Cui alloy.
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Fig. 11 Reliability test (85 °C, 85 %) of nanocrystalline
Fers Si1s Br Nbs Cui annealed at 550 °C with magnetic
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Fig. 12 Reliability test (200 °C) of nanocrystalline Fe7s
Si15 B7 Nbs Curannealed at 550 °C with magnetic field.
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Fig. 13 Surface photo after reliability test (1000 hours)
of nanocrystalline Fer4 Si1s Br Nbs Cui.
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