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Magnetic Properties and Thermal Stability of NiO/Co/Cu/Co/CoNbZr Spin-Valves
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The magnetic properties and thermal stability of NiO/
Co/Cu/(Co)/CoNbZr spin-valves were investigated. Pin-
ned Co with NiO has a coercivity of about 600 Oe and a
pinned field of about 100 Oe. On the other hand, free-
layer CoNbZr or Co/CoNbZr has a coercivity of less than
100 Oe, and the inter-layer coupling between the pinned
and free layers is less than 50e. Therefore the system
NiO/Co/Cu/Co/CoNbZr works as a spin-valve using differ-
ent coercivities between the two layers. With only amor-
phous CoNbZr as a free layer, a 5% GMR effect from the
spin-valve was observed. Inserting Co into the free layer
enhances the GMR effect by about 2 times. The spin-
valves can endure heat treatment of up to 300°C. The
deterioration that occurs with annealing at temperatures
higher than 300°C is caused by the inter-diffusion of Ni
from the NiO antiferromagnetic layer.
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Fig. 1 Schematic illustration of the sample structure.
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Fig. 2 Typical RH loop (a) and BH loop (b) of a
sample.
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Fig. 3 Typical minor RH loops along the easy axis
(a) and the hard axis (b).
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Fig. 4 Effect of Co insertion on MR ratio. The
sample structure is NiO(40)/Co(2)/Cu(3)/Co(X )/
CoNbZr(3)/Ta(5).
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Fig. 5 Effects of the Cu thickness on MR ratio and
interlayer coupling field. The sample structure is NiO
(40)/Co(2)/Cu(X)/Co(1.2)/CoNbZr(20).
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Fig. 6 Effects of the CoNbZr thickness on MR ratio
and coercivity. The sample structure is Ni0(40)/Co
(2)/Cu(8)/Co(X)/CoNbZr(Y).
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Fig. 7 Effect of annealing on MR ratio. The sample
structure is NiO{40)/Co(2)/Cu(3)/Co(1.2)/CoNbZr(X}/
Ta(Y).
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Fig. 8 Comparison of the MH loops before and after

annealing.
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Fig. 9 XPS results before (a) and after (b) annealing.
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