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The magnetoresistance (MR) curves of giant magnetoresistive-spin valve (GMR-SV) multilayer on Corning glass and sapphire/
high-temperature superconductor (HTS) YBa,Cu;0; (YBCO) film fabricated by magnetron sputtering were compared and
analyzed. Hybrid type HTS and GMR-SV multilayer film with antiferromagnetic NiO thickness of 10 nm has a negative MR ratio of
—7.7 %, an exchange coupling field (Hex) of 120 Oe, a coercive force (H.) of 125 Oe, respectively. However, there is exist a positive
MR ratio of +7.3 % in case of NiO thickness of 60 nm. The glass/NiO/NiFe/Cu/NiFe/Ta multilayer showed linear current-voltage (I-
V) curve, but the AlLOs;/YBCO/NiO(10 nm, 60 nm)/NiFe/Cu/NiFe/Ta multilayer showed a nonlinear I-V curve in which the
resistance value of 1.15Q and 59.4 QO decreased to 1.02 Q and 50.2 Q when the current of 15.7 mA increased to 1.67 mA,
respectively. This results are explained by the current transfer effect in the 4-probe electrode measurement method occurred when the
resistance of the YBCO film is 0.
Keywords : NiO, YBa,Cu;0;_, (YBCO), gap layer, current-voltage (I-V) curve, nonlinear, 4-probe electrode
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Fig. 1. (Color online) Multilayer structures and 4-probe electrodes of
(a) two samples(A, B) with glass/Ta(5 nm)/NiO(t =10 nm, 60 nm)/
NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) and (b) two samples (C,
D) with glass/Ta(5 nm)/NiO(t=10 nm, 60 nm))/NiFe(3 nm)/Cu(2 nm)/
NiFe(6 nm)/Ta(5 nm), respectively.
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Fig. 2. (a) Resistivity-temperature curve of ALO;/YBCO(300 nm) film and (b) 4-probe resistance-temperature curves of four samples (A, B, C,
and D) with glass/Ta(5 nm)/NiO(A = 10 nm, B = 60 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) and Al,O;/'YBCO(300 nm)/NiO(C = 10 nm,
D = 60 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm), respectively. From R-T curves, sample A and sample B show the metal phases, and
sample D shows the semiconductor phase. The sample C has a residual resistance of R, = 1.152 Q below the critical temperature (90 K).
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Fig. 3. (Color online) MR curves measured at room temperature for (a) sample A with glass/Ta(5 nm)/NiO(10 nm)/NiFe(3 nm)/Cu(2 nm)/
NiFe(6 nm)/Ta(5 nm) and (b) sample B of glass/Ta(5 nm)/NiO(60 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm), respectively.
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Fig. 4. (Color online) MR curves measured at liquid nitrogen temperature (77 K) for (a) sample A with glass/Ta(5 nm)/NiO(10 nm)/NiFe(3 nm)/
Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) and (b) sample B of glass/Ta(5 nm)/NiO(60 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm), respectively.
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Fig. 5. (Color online) MR curves measured at room temperature for (a) sample C with Al,O;/'YBCO(300 nm)/NiO(10 nm)/NiFe(3 nm)/Cu(2 nm)/
NiFe(6 nm)/Ta(5 nm) and (b) sample D of Al,O;/'YBCO(300 nm)/NiO(60 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm), respectively.
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Fig. 6. (Color online) MR curves measured at liquid nitrogen temperature (77 K) for (a) sample C with ALO3/YBCO(300 nm)/NiO(10 nm)/
NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) and (b) sample D of ALO;/YBCO(300 nm)/NiO(60 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm),
respectively. Two insets of (a) are schematic illustrations for the inverse MR caused by the different current paths in the spin valve effect of the
hybrid-type structure consisting of a superconductor and GMR-SV, with two states of Rt(low) and Rey(high). The NiO gap layer is the middle
resistance layer between the high-T. superconductor YBCO and GMR-SV layers. The thick arrows indicate the current flows at the interface of the

G layer.
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Fig. 7. I-V curves measured at (a) room temperature and (b) liquid nitrogen temperature (77 K) for (a) sample A, B and sample C, D. Here the spin
array of magnetization for the measuring I-V curve is anti-parallel state (TV) at none external magnetic field (Hey = 0 Og).
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