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Fig. 1. The major magnetoresistance curve in NiFe (40
A) /CoFe (50 A) /Cu(30 A) /CoFe(35 A) /NiO(900 A)
/glass spin-valve film,
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Fig. 2. The minor magnetoresistance curve of the same
sample as Fig. 1.
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Fig. 3. Dependence of free layer coercivity H on CoFe
thickness of free layer [NiFe /CoFe] in [NiFe /CoFe]
(90 A) /Cu(30 A) /CoFe(35 A) /NiO(800 A) /glass.
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Fig. 4. X-Ray diffraction patterns for CoFe with and
without a NiFe layer.
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Fig. 5. MR curves of NiFe(40 A) /CoFe(50 A) /Cu(f
A) /CoFe(40 A) /NiO(800 A) /glass, spin-valve films,
(t=20~50 A).
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Fig. 6. Dependence of MR ratios on the Cu thickness in
NiFe (40 A) /CoFe(50 A) /Cu(# A) /CoFe(40 A) /NiO
(800 A) /glass.
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Fig. 7. Dependence of Hy, (bias coupling field of pinned
layer) on the Cu thickness in NiFe(40 A /CoFe(50 A)
/Cu(t A) /CoFe (40 A) /NiO(800 A) /glass.
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Fig. 8. Dependence of Hy; (interlayer coupling field of
free layer) on the Cu thicknesses in the same samples as
Fig. 7.
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Fig. 9. Dependence of H.; (coercivity of free layer) on
the Cu thicknesses in the same samples as Fig. 7.
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Fig. 10. Dependence of MR ratios on the pinned CoFe
thicknesses in NiFe(40 A)/CoFe (50 A)/Cu(30 A)
/CoFe(t A) /NiO(800 A) /glass.
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Fig. 11. Dependence of Hy, (bias coupling field of pinned
layer) on the pinned CoFe thicknesses in the same samples
as Fig. 10.
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Fig. 12. Dependence of MR ratios on the NiO thicknesses in
NiFe (40 A) /CoFe(50 A) /Cu(30 A) /CoFe(35 A) /NO(¢
A) /glass.
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Fig. 13. Dependence of Hy, (bias coupling field of
pinned layer) on the NiO thicknesses in the same
samples as Fig. 11.
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Fig. 14. Dependence of MR ratio on the annealing tem-
perature in NiFe (40 A) /CoFe (50 A) /Cu(30 A) /CoFe
(35 A) /NiO(900 A) /glass.
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CoFe (22 R) / o] sojokdlg uojfEr),
Table I
1 MR  Field Sensitivity ~ Hyp Hiyg Remark
sample
P %) (% /Oe) (Oe)  (Oe) crmarks

NiFeg 4 /Cugi/NiFespi /NiOyzp &/ Glass 4.3 0.53 9% 55 previous work
NiFesoi/Cos4/Cumi/Coxi/NiFesoi /NiOgoi /Glass 8.2 0.37 79 12

NiFey 4 /CoFess 4 /Cus 4 /Coss i /FeMniso 4 /Glass 6 - - - H. Kanai etal, [10]
NiFeggi /CoFess i /Cus i /CoFess s /FeMnys 4 /Glass 7 - 12~15 -

NiFeq i /CoFesyi/Cuzi/CoFes 4 /NiOgyp i /Glass 6.3 ~1 30 ~40 present work

Magnetoresistance ratios, field sensitivities, exchange coupling field Hy, of pinned CoFe layer,
and interlayer coupling fields Hy of free NiFey 4 /CoFex i layers.
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4. A2l w}e} MRu)= dA2)25 200 ¢ 7Hx= 5.3
%% A Fch o] Bt golxw A zhasled 300
TolA oF 3 % H=& f#15le] o] spin-valve Tt
o 03740]-7(4/{40] b‘}: 1—5]34)\_%—% é &+ 9 1:]-

5. [NiFe(40 A)/CoFe(50 A)]/Cu(30 A)/CoFe(35
A) /NiO(800 A)])= 2= spin-valve #perFzol4] =
o MRu) 6.3 %, 2713478 ¢k 0.5 (% /0e) & viet
o] f8 27147855 w9le 24 CoFe gha-¢ ol

43t spin-valve head A 5 2 =33+ ok 4 glch

AR 2
¥ AT 196 s mgy shed TR (A 2
ob) o] x| glel| €] Ziele oo] A=A ueh,
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Magnetoresistive Properties of (NiFe /CoFe) /Cu/CoFe Spin-Valves
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The MR ratios and the exchange biasing field and interlayer coupling field were investigated in Nig Feq
/CogFen /Cu/CogFeiy /NiO spin-valve sandwiches grown on antiferromagnetic NiO films as a function of
the NiO thickness, the thickness of Cu and pinning layer CoyqFeyy. The spin-valve sandwiches were de-
posited on the Corning glass 7059 by means of the 3-gun dc and 1-gun rf magnetron sputtering at a 5 mtorr
partial Ar pressure and room temperature. The deposition field was 50 Oe. The MR curve was measured by
the four-terminal method with applied magnetic field up to 500 Oe perpendicular to the direction of a current
in the plane. The coercivity of magnetic soft bilayer [NiFe /CoFe] (90 lo\) decreased dramatically to less
than 10 Oe when the NiFe /CoFe bilayer used an NiFe bilayer thicker than 20 A. So NiFe layer improved the
softmagnetic properties in the NiFe /CoFe bilayer. The GMR ratio and the magnetic field sensitivity of the
spin-valve film Nig Feys (40 A) /CogFe(50 A) /Cu(30 A) /CowFe (35 A) /NiO(800 A) was 6.3 % and
about 0.5(% /Oe), respectively. The MR ratio had 5.3 % below an annealing temperature of 200 ‘C which
slowly decreased to 3 % above 300 . The large blocking temperature of the spin-valve film was taken (as
being) due to the good stability of the NiO films. Thus, the spin-valve films with a free NiFe /CoFe layer
clearly had a high large GMR output and showed a effective magnetic field sensitivity for a suitable spin-
valve head material.



