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Fig. 1. Thickness difference (P1-P2) dependence of the MR
ratio for the top synthetic spin valve with a structure Si/SiO,/
Ta/NiFe(34)/CoFe(16)/Cu(26)/CoFe(P1)/Ru/CoFe(P2)/
FeMn(80)/Ta(50), unit is in A.
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Fig. 2. R-H curves for the synthetic spin valve with a
structure  Si/Si0,/Ta/NiFe(34)/CoFe(16)/Cu(26)/CoFe(P1)/
Ru/CoFe(P2)/FeMn(80)/Ta(50), unit is in A..: (a) P1-P2 =25
A ®P1-P2=1 A (c) P1-P2=-25A.
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Fig. 3. Thickness difference (P1-P2) dependence of the MR
ratio for the top synthetic spin valve with a structure Si/SiO»/
Ta/NiFe(17)/CoFe(8)/Cu(26)/CoFe(P1)/Ru/CoFe(P2)/
FeMn(80)/Ta(50), unit is A
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Fig. 4. A schematic view of the magnetostatic coupling for
(a) tri-layer (b) top spin valve.
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Fig. 5. A schematic view of the magnetostatic coupling for a
top synthetic spin valve structure [16].
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Magnetoresistance Properties in Synthetic CoFe/Ru/CoFe/FeMn
Spin Valves with Different Pinned Layer Thicknesses
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Top synthetic spin valves with structure Ta/ NiFe/CoFe/Cu/CoFe(P1)/Ru/CoFe(P2)/FeMn/Ta on Si (100) substrate with
Si0; of 1500 A were prepared by dc magnetron sputtering system. We have changed only the thickness of the free layer and
the thickness difference (P1-P2) in the two ferromagnetic layers separated by Ru, and investigated the effect of magnetic film
thickness on the GMR properties and the interlayer coupling field in a spin valve with a synthetic antiferromagnet. As
thickness difference of pinned layer was decreased from +25 A 0 -25 A, MR ratio was decreased gradually. However,
there was a dip zone indicating a big change of MR ratio around P1 = P2, which can be due to the large canting of pinned
layers. The modified Neel model was suggested for the top synthetic spin valve to explain the interlayer coupling field
according to the thickness change of ferromagnetic layers. The interlayer coupling field was decreased due to the
magnetostatic coupling (orange peel coupling) as suggested by model. However, the interlayer coupling field was not
explained at the dip zone by the modified Neel model. The deviation of modified Neel model at the dip zone could be due to
the largely canting of the pinned layers as well, which depends on different thickness in synthetic antiferromagnetic structure.

Key words : synthetic spin valve, magnetostatic energy, interlayer coupling field



