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GMR-SV (giant magnetoresistance-spin valve) multilayer films were fabricated on rf- and dc-magnetron sputtering systems in four
different forms, in which NiO thin films were inserted into the bottom, top and middle layers. The magnetic properties of all thin film
samples were investigated from the major and minor magnetoresistance curves measured at room temperature and at 77 K. The
exchange coupling field (Hex) and coercivity (H.) of the pinned NiFe layer, the H. and interlayer coupling field (H;,), magnetoresistance
ratio (MR (%)), and magnetic sensitivity (MS) of the free NiFe layer in the single-type GMR-SV multilayer with the inserted NiO
layer thickness of 10 nm were 110 Oe, 115 Oe, 4.5 Oe, 6.0 Oe, 7.1%, and 1.0%/Oe, respectively. The hysteresis curves of the two free
layers with the NiO thin film inserted into the middle layer formed a stable squareness ratio, which was 9.5% for the MRs of 3.5% and
6.0%, and 2.2%/Oe for the MS due to the specular and spin dependent scattering effects. On the other hand, the H. and MS of the
single structure of the bottom NiO film inserted and the dual-type GMR-SV multilayer of the bottom and top layers were greatly
increased and decreased, respectively. The MRs of the GMR-SV multilayers with the magnetization of spin array configuration of the
pinned layer, which is a ferromagnetic material, and the free layer are antiparallel to each other. The MR of dual-type GMR-SV
multilayer showed the maximum value when the spin arrays of magnetization configuration of the pinned and free layers, is
antiparallel to each other.
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Fig. 1. (Color online) Four different types of the NiO based GMR-SV films having single-type (sample A and sample B) and dual-type (sample C
and sample D) multilayer structures. Here sample A and sample C are the bottom NiO layer based GMR-SV films, sample B and sample D are the

top NiO layer based GMR-SV films, respectively.
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Fig. 2. (Color online) Major MR curves for the sample A having the bottom NiO single-type GMR-SV of glass/NiO(10 nm)/NiFe(3 nm)/
Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) in the measuring magnetic fields of (a) = 120 Oe at room temperature and (b) + 1200 Oe at 77 K.
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Fig. 3. (Color online) Major MR curves for the sample A having the top NiO single-type GMR-SV of glass/Ta(5 nm)/NiFe(6 nm)/Cu(2 nm)/
NiFe(3 nm)/NiO(10 nm)/Ta(5 nm) in the measuring magnetic fields of (a) + 120 Oe at room temperature and (b) + 1200 Oe at 77 K.
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Fig. 4. (Color online) Major MR curves for the sample C having the bottom and top NiO dual-type GMR-SV of glass/NiO(10 nm)/NiFe(3 nm)/
Cu(2 nm)/NiFe(6 nm)/Cu(2 nm)/NiFe(3 nm)/NiO(10 nm)/Ta(5 nm) in the measuring magnetic fields of (a) + 120 Oe at room temperature and (b)

+ 1200 Oe at 77 K.
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Fig. 5. (Color online) Major MR curves for the sample D having the middle NiO dual-type GMR-SV of glass/Ta(5 nm)/NiFe(6 nm)/Cu(2 nm)/
NiFe(3 nm)/NiO(10 nm)/NiFe(3 nm)/Cu(2 nm)/NiFe(6 nm)/Ta(5 nm) in the measuring magnetic fields of (a) + 120 Oe at room temperature and

(b) % 1200 Oe at 77 K.
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Fig. 6. (Color online) The four different minor MR curves for the (a) glass/NiO/NiFe/Cu/NiFe/Ta, (b) glass/Ta/NiFe/Cu/NiFe/NiO/Ta, (c) glass/
NiO/NiFe/Cu/NiFe/Cu/NiFe/NiO/Ta, and (d) glass/Ta/NiFe/Cu/NiFe/NiO/NiFe/Cu/NiFe/Ta, respectively. Here arrows with black color inside of
each layer of GMR-SV multilayers are denoted the arrays of spin configurations for the ferromagnet and antiferromagnet layers.
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Table 1. Magnetic properties (Hey (Oe), He (Oe), Hiy (Oe), MR (%), MS (%/Oe)) of top, bottom, and middle NiO layers based two single-type
GMR-SV multilayers and two dual-type GMR-SV multilayers at measured room temperature and 77 K. Here 1% and 2™ are magnetoresistance
properties for two minor MR curves caused by the occurrence of independent ferromagnet free NiFe layers posited on the separated states from

each other.
. Pinned Pinned Free Free Free
Sample Measurlng ch (Oe) Hc (Oe) Hc (Oe) Hinl (Oe) MR (%) Tot. Ave. MS
structure temp. - - - - - MR (%) (%/Oe)
151 2nd lsl znd lsl znd 1 st an 151 an

Sample A 293 K 25 - 30 - 28 - 0.0 - 3.1 - 3.1 0.05
(single GMR-SV) 77K 140 - 145 - 70 - 40 - 712 - 72 0.6

Sample B 293 K 20 - 12 - 1.5 - 3.0 - 3.0 - 3.0 1.0
(single GMR-SV) 77K 110 - 115 - 4.5 - 6.0 - 7.1 - 7.1 1.0

Sample C 293K 36 - 26 - 26 - 0.0 - 52 - 52 0.07
(dual GMR-SV) 77K 125 - 130 - 8.0 - 3.0 - 9.7 - 9.7 0.3

Sample D 293K 18 32 8 28 1.0 1.0 35 5.0 1.5 35 5.0 1.0
(dual GMR-SV) 77K 95 125 100 130 20 20 7.0 10 35 6.0 9.5 22
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