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Fig. 1. R-H(Resistance-Magnetic Field) curves of
(Cu(21 A) /NiFe(7 A) /Ni(6 A) /NiFe(7 A)lyy | Cul(50
A) on 4° tilt-cut Si(111) with respect to the applied
magnetic field.
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Fig. 2. R-H and M-H(Magnetization-Magnetic
Field) curves of [Cu(21 A) /NiFe(7 A) /Ni(6 A) /NiFe(7
A) g | Culs0 A) on 4° tilt-cut Si(111) when magnetic field
was applied along the easy axis(H;//Si<112)).
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Fig. 3. TEM diffraction patterns of the sample which
show uniaxial anisotropy.
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Fig. 4. R-H curves of [Cu(x A)/NiFe(7 A) /Ni( A)
/NiFe(7 A) ] | Cu(50 A) on 4° tilt-cut Si(111) according

to the thickness of Cu spacer : (a) 19 A, (b) 20 A, (c) 21 A,

(d) 22 A, (e) 23 Aand () 24 A
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Fig. 5. R-H curves of [Cu(20 A) /NiFe(7 A) /Ni(6 A)
/NiFe(7 A)ly | Cu(50 A) on 4° tilt-cut Si(111) with re-
spect to the applied magnetic field. Number of stacked
modules was changed from 10 to 20.
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Fig. 6. R-H curves of [Cu(20 A) /NiFe(7 A) /Ni(6 A)
/NiFe(7 A) )y | Cu(50 A) on Si(100), Si(111) and slide
glass,
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Fig. 7. R-H curves of [Cu(20 A) /NiFe(7 A) /Ni(6 A)
/NiFe(7 A)lg | underlayer(50 A) on 4° tilt-cut Si(111)
with NiFe and Ni underlayers or without underlayer.
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Fig. 8. R-H curves of [Cu(20 A) /NiFe(7 A) /Ni(6 A)

/NiFe(7 A)], | Cu(40 A) /NiFe(10 A) on 4° tilt-cut Si
(111) with respect to the applied magnetic field.
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Formation of GMR Metallic Multilayers
with In-Plane Uniaxial Magnetic Anisotropy
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We have studied the magnetoresistance and the magnetic anisotropy of Cu/(NiFe /Ni/NiFe) metallic
multilayers grown on Si(100), Si(111), 4” tilt -cut Si(111) or glass substrate. When the multilayer was grown on 4°
tilt cut Si(111) with 50 Aof Cu underlayer, an in-plane uniaxial anisotropy was observed. On the other substrates such
as Si(100), Si(111) or glass with Cu underlayer, however, no appreciable anisotropy was shown, The multilayer grown
with NiFe or Ni underlayer or without underlayer did not show any anisotropy even on 4° tilt cut Si(111), When 10 Aof
NiFe was deposited prior to the Cu underlayer, the anisotropy in Cu(NiFe /Ni /NiFe) multilayer disappeared.



