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Fig. 1. R-H curves of NiFe(60 A )/Co(X)/Cu(60 A)/Co(30 A)

spin valve thin films on Cu(50 A)Si(111, 4 degree tilt-cut).
(@) X=0A,(b)X=2 A, (c) X=4 A.
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Fig. 2. Minor R-H curves of NiFe(60 A)Co(X)ICu(60 Ay
Co(30 A) spin valve thin films on Cu(50 A)/Si(111, 4 degree
tilt-cut).
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Fig. 3. Squareness curves of (a) NiFe(60 A) and (b) NiFe
(500 A) thin films with respect to the inserted Co layer.
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Fig. 4. M-H curves of NiFe(60 AYCo(0, 5, 10 A) thin films
measured along (a) Si<i12> and (b) 4 degree tilt Si<110>
directions.
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Fig. 5. XRD patterns of NiFe(500 A) and NiFe(500 AY
Co(10 A) thin films on Cu(50 AySi(111, 4 degree tilt-cut).
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Effects of Ultrathin Co Insertion Layer on Magnetic Anisotropy
and GMR Properties of NiFe/Cu/Co Spin Valve Thin Films
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NiFe(60 A)Co(0 A<x A<15 A)Cu(60 A)Co(30 A) spin valve thin films were prepared on 4° tilt-cut Si(111)
substrates with a 50 A thick Cu underlayer without applying any external magnetic field during the deposition, and the
effects of inserted ultrathin Co layer on magnetic anisotropy and GMR properties of the NiFe(60 A)Cu(60 AyCo(30 A)
spin valves were investigated. As the ultrathin Co layer was inserted into the NiFe/Cu interface of the spin valves, GMR
ratio was increased from about 1.5 % to 3.5 %, and the easy axis of NiFe(60A ) layer was rotated by 90°. Accordingly, it
was aligned along the same direction with the easy axis of Co(30 A) layer. Therefore, squared R-H curves was obtained
in the spin valves, which is favorable properties for the digital GMR devices such as MRAM. In order to investigate the
change of magnetic anisotropy of NiFe layer of the spin valves in more details, XRD measurement was performed using
NiFe(500 A) and NiFe(500 A)/Co(10 A) thin films on the same templates. Strong (220) NiFe peak was observed in
both films regardless of the inserted Co layer, so it was thought that the variation of magnetic anisotropy of NiFe layer is
from the interface effect, the change of interface from NiFe/Cu to NiFe/Co, rather than the volume effect such as the
change of magnetocrystalline effect.



