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Preparation of an Exchange-Biased Fe-Based Amorphous Soft-Magnetic Underlayer
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Fe-based amorphous soft-magnetic films and Mn-Ir exchange-
biasing films were investigated, with the aim of developing a
soft-magnetic underlayer for L1 -type Fe-Pt perpendicular
double-layered media. It was found that a carbon-added
Fe_Si B, composition film had a smooth surface and excellent
structural stability in amorphous state after annealing at
450°C. A B, value of 13.7 kG and an H, value of below 1 Oe for
the easy axis were obtained. For the exchange-biased films, the
compositions and crystal orientations of the Mn-Ir films and
the effects of inserting a Co-Fe layer between the Fe-Si-B-C
layer and the Mn-Ir layer were investigated. As a result, a large
unidirectional anisotropy constant, J;, of 0.5 erg/cm? was
obtained for a layer configuration of Fe-Si-B-C (50 nm)/Co, Fe,,
(56 nm)Mn,Jr,, (10 nm)/Nb-Permalloy (5 nm)/Ta (20 nm)/glass-
substrate. The large exchange-bias field, small coercivity, smooth
surface, and excellent structural stability of the film will be
suitable for the soft-magnetic underlayer of Fe-Pt media.

Key words: amorphous, exchange bias, Fe-Si-B-C, Mn-Ir,
perpendicular magnetic recording, soft-magnetic underlayer
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Fig. 1 Dependence of the saturation magnetic flux density

on the Fe content of (Fe, .S By 1100+ Cs
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Fig. 2 Dependence of the coercivity along the easy axis on
the annealing temperature for (Fe,, ,,Si) 1B, 15100, Cv-
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Fig. 3 Hysteresis loops for (Fe, ;,Si oB, 1)100.C, after
annealing at 300°C and 400°C. (a1) for x= 0 at 300°C, (a2)
for x=0 at 400°C, (b1) for x=1 at 300°C, (b2) for x=1at
400°C, (c1) for x=4 at 300°C, and (c2) for x=4 at 400°C.
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3.2.1 Mn-Ir BEOMRKENY

RIEEO R dat% MEE (B=13.7kG) %A\, KPS
BEEEM L2, 22 THWBHEI, Fe-Si-B-C(50 nm)/
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T 1EERIAT - 7-.
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Fig. 4 AFM image for (Fe,, ,;Si; ,,B; ,5),00.C, (x=4) of 300
nm thickness after annealing at 400°C.
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Fig. 6 Magnetic properties of an Fe-Si-B-C (50 nm)/Mn,,,
,1r,/Nb-Permalloy (56 nm)/Ta (20 nm)/glass disk after
annealing at 375°C for 1 hr.: (a) exchange bias field, (b)
coercivity along the easy axis.
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Fig. 6 XRD charts for Mn-Ir (50 nm)/underlayer/glass
disk. Underlayer: (a) Nb-Permalloy (5 nm)/Ta (20 nm), (b)
MgO (5 nm), (¢) Nb-Permalloy (5 nm)/MgO (5 nm).
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Fig. 7 Magnetic properties of Fe-Si-B-C (50 nm)/Mn, [r,,
(111, (100), (110)/glass disk after annealing at 375°C for 1
hr.
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Fig. 8 Magnetic properties of Fe-Si-B-C (50 nm)/Co, Fe,,
(6 nm)/Mn,,, Ir /Nb-Permalloy (6 nm)/Ta (20 nm)/glass
disk after annealing at 375°C for 1 hr.
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Table 1 Unidirectional anisotropy constants, o, for Mn-Ir
compositions and Mn-Ir crystal orientations.

Ir content (at%) 15 20 25
Orientation (111) | (311) | (110) [ (100) | (111)
ithout
Ju(ergiem?) 00| 042 | 014 | 042 | 0.07 | 0.16
Jitergiem?) .. | 050 | 046 | 038 | 024 | 0.36

H, (Oe)® CoFe | 42 38 32 20 30

* Calculated value for soft-magnetic film with B, = 15 kG and thickness = 100 nm.
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3.2.3 Co-FelED%hHR

BHMERE E Mn It RO 12 Co, Fe, B AT AHZ LI L
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Co. Fe,,(56 nm)/Mn-Ir(3-50 nm)/Nb-Permalloy(5 nm)/Ta(20
nm)/glass diskDEHEE % ER L 72 Fig. 81218 5 N7 55k
BHFOERERY. CoFeFHE Figs IR L 72 EICH
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XREELENT HEBNHMEE VRS, 25, BE 10 nm
DT TREBHEESHAPET L, S5 1M Irl O RIE
CoFe Bl EVEELHDEMIZE o7, §DETAH, Ih
5 DJEHEIZEE S A Tid 2 v 4%, Mn-Irf& & Co-Fe B DAHE I
BB LTV LR ELLND,
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DEIGEECE S, 7, Q110 ESEmEEE, Q1D EICKk
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Fe'Si-B-CT7 EN T 7 AN EM & R TIRES
BEOERERE L, LFZHLMITL 7.

@ (Fe,, 451, 46B0 1) 100 C, TRIZ IR 3 1at% AL T 450°C D EAL
BTL7ELT 7 ARESHRETE, 2D 10e LT DOHUE
NEBHIENTEL. BANBEEREIL, RE lat% KT
145 kG, 4at% HM T 13.7kGHHELNS.

@ LEFe-Si-B-CT7TEN T 7 AEE AW T GIROER
2BV, MngIr, M & £ 0 (111) BB L U Co, Fe, &
DALY, 0.5erglem? D—HAERFENFEBLNS.

L EH»S, FeSirB-CTENT 7 AEX HVARHIES
DEITLB~DIEH, $2, Fe-Pti RS0 K& & okt
2HEL, F-HBNEVCEBEENLEL L 2B E~OIEH
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