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Effects of Under-Electrode Layers on Magnetoresistance
in Spin-Valve-Like Tunnel Junctions
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The relation between the under-electrode layers of spin-
valve-like tunneling junctions and the tunneling
magnetoresistive effect was investigated. Al, Cu, and Pt,
which all have low resistivity, were selected for the elec-
trode layer. The roughness of the oxidized Al surface with
an Al electrode layer of more than 10 nm thickness increased
drastically. In all junctions with Al layers thicker than 30
nm, the tunneling magnetoresistive effect was not observed.
On the other hand, junctions with a Cu electrode exhibited
an MR ratio of over 10%, even for Cu thicknesses of up to
80 nm. The MR ratio decreased with increasing roughness
of the oxidized Al surface, irrespective of the electrode ma-
terials.

Key words: spin-valve-like tunnel junction, oxygen plasma,
under-electrode layer, surface roughness
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Al, Cu, Pt(0 ~ 80)/NiFe(18.8)/Co(3.9)/Al oxide(1.3)/Co(2.6)/
NiFe(18.8)/ FeMn(45.5)/Al, Cu, Pt(20) (HfZ : nm)
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Fig. 1 Junction resistance vs. electrode thickness (Al, Cu, Fig. 2 MR ratio vs. electrode thickness (Al, Cu, Pt). The
Py). Ihejunction area is 100 X100 v, patterned with metal  jynction area is 100X 100 pm?, patterned with metal masks.
masks.
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Fig. 3 AFM images of the oxidized Al surfaces. The scanned area is 1X 1 um?. R values from the iméges are also shown.
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Fig. 4 Surface roughness(R) vs. electrode thickness (Al,
Cu, Pt). The scanned areais 1 X | pm?.

BAIGSRBRSE5E  Vol. 23, No. 4-2, 1999

15 . —
® Al
~ | Pa o e
2 10} D‘ ]
)
= ®
- 0
x s5f ]
= 5 ®
0 . i oo
0 0.5 1 1.5 2

R, (nm)
Fig. 5 MR ratio vs. surface roughness(R ) of the junction in
Fig. 4.
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Fig. 6 Magnetization curves for the following samples: (a)
Ni-Fe(18.8 nm)/Co(3.9 nm)/Al oxide(1.3 nm)/Co(2.6 nm)/
Ni-Fe(18.8 nm)/Fe-Mn(45 nm)/Al(20 nm), (b) Al (80 nm)/
Ni-Fe(18.8 nm)/Co(3.9 nm)/Al oxide(1.3 nm)/Co(2.6 nm)/
Ni-Fe(18.8 nm)/Fe-Mn(45 nm)/Al(20 nm).
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Fig. 7 MR curve for Al(80 nm)/Ni-Fe(18.8 nm)/Co(3.9 nm)/
Al oxide(1.3 nm)/Co(5 nm)/Ir-Mn(15 nm)/Al(20 nm). The
Jjunction area is 100X 100 wm?, patterned with metal masks.
The Co/Ir-Mn layer was prepared by magnetron sputtering
assisted by the use of an inductively coupled rf plasma.
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