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Ferromagnetic tunnel junctions of Ta/Al/Ta/NiggFe,/IrMn/Co/
Al-oxide/Co/NiggFe,(/Ta/Cu with various Al-oxide thicknesses
were fabricated by rf magnetron sputtering and ICP oxidization.
The thickness of Al was varied from 6 A to 13 A. With decreas-
ing thickness , the tunnel resistance decreased from 3 x 10° Qepum?
to 1.2 x 10% Qepm?. At Al thicknesses of 13 and 10 A, the MR
ratio was 22%-20%, and increased to 35%-30% after annealing.
In other junctions, the MR ratios were small and increased
only slightly after annealing. the I-V curves of all junctions
were asymmetric before annealing. The curves were ana-
lyzed by taking account of both barrier heights ¢, and ¢,
(upper and lower interfaces). The difference between ¢,
and ¢, was reduced by annealing, and the MR ratio became

large at ¢; = ¢,.
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Table 1 Al thickness and oxidization time for tunnel barriers.

Sample Al thickness | Oxidization time
A (sec)
A 13 210
B 10 120
Cc 8 60
D 25
E 15
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Fig. 1 MR curves of tunnel junctions. (a) before and (b) after an-
nealing of sample A with a junction area of 30 x 30 um?, and (c¢)
before and (d) after annealing of sample E with a junction area of 5

x S um?.
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Fig. 2 Al thickness dependence of (a) the resistance and (b) the MR

ratio, before and after annealing at MR-maximum temperatures.

40

Sample A

eOP»QJe

MR (%)

0 | ! !
0 100 200 300 400

Annealing temperature (°C)

Fig. 3 Annealing temperature dependence of the MR ratio for samples
AtoE.
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Fig. 4 Measured [-V curves and best fitted curves of sample A (a) as
deposited, (b) annealed at 275°C, and (c) annealed at 350°C.
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Fig. 5 Annealing temperature dependence of ¢;and ¢, for samples
AtoD. .
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