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Fig. 1. The MR curves of the annealed spin valves(SV) with top
pinned structure; open circle: SV with NOL annealed at 250 °C, solid
circle : SV without NOL annealed at 200 °C. Inset shows the variation
of MR ratio with annealing in each SVs with NOL (Ta(50)/NiFe(45)/
CoFe(15)/Cu(26)/CoFe(20)/NOL/CoFe(20)/FeMn(80)/Ta(50), unit A)
and without NOL (Ta(50)/NiFe(45)/CoFe(15)/Cu(26)/CoFe(40)/FeMn
(80)/Ta(50), unit A).

T T T T T
200 A A/’A> .
A
A
150} J
[
O
~ —A— Top SV with NOL
% —— Top SV without NOL
T
100 F 1
50 L L ; ) L
0 50 100 150 200 250

Annealing Temperature (°C)

Fig. 2. Exchange bias field with annealing temperature in top pinned
SVs; solid triangle: SV with NOL(Ta(50)/NiFe(45)/CoFe(15)/Cu(26)/
CoFe(20)/NOL/CoFe(20)/FeMn(80)/Ta(50), unit ), open triangle: SV
without NOL(Ta(50)/NiFe(45)/CoFe(15)/Cu(26)/CoFe(40)/FeMn(80)
[Ta(50), unit A).
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Fig. 3. The MR curves of annealed SVs with bottom pinned structure;
semi-solid circle: as-deposited SV with NOL(Ta(50)/NiFe(20)/FeMn
(80)/CoFe(20)/NOL/CoFe(20)/Cu(26)/CoFe(15)/NiFe(45)/Ta(50),
unit A), open circle: SV with NOL annealed at 250 °C, solid circle :
SV without NOL(Ta(50)/NiFe(20)/FeMn(80)/CoFe(40)/Cu(26)/CoFe
(15)/NiFe(45)/Ta(50), unit A) annealed at 250 °C. Inset shows the
variation of MR ratio with the annealing temperature in each SVs

with NOL and without NOL.
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Fig. 4. Exchange bias field with annealing temperature in bottom
pinned SVs; solid triangle: SV with NOL(Ta(50)/NiFe(20)/FeMn(80)/
CoFe(20)/NOL/CoFe(20)/Cu(26)/CoFe(15)/NiFe(45)/Ta(50), unit A.),
open triangle: SV without NOL((Ta(50)/NiFe(20)/FeMn(80)/CoFe
(40)/Cu(26)/CoFe(15)/NiFe(45)/Ta(50), unit A).
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Fig. 5. (a) X-ray diffraction patterns of SVs with NOL; open circles :
real data, solid line : Lorentzian fitted data, (b} X-ray diffraction
patterns of SVs without NOL; open circles : real data, solid lines :
Lorentzian fitted data.
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The Dependences of Magnetoresistance and Exchange Biasing on Annealing
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We investigated magnetoresistance(MR) and exchange bias properties by annealing in top and bottom type spin valves (SV) with
nano-oxide layers (NOL). In top SVs with NOL, MR ratio of 9.2 % is obtained after postdeposition annealing at 250 °C. In bottom
SVs with NOL, MR ratio of 10.1 % is obtained after postdeposition annealing at 250 °C. Therefore, specular reflection of the NOL in
bottom SVs is higher than that of the NOL in top SVs. Exchange biasing of bottom SVs with NOL is 28 % higher than that of bottom
SVs without NOL after annealing. This enhancement of exchange biasing is thought to be due to the reduced magnetic moment of the
pinned layer with NOL and enhanced (111) FeMn texture.

Key words : Spin valve, Nano-oxide layer, Exchange bias



