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Fig. 1. (a) The MR curve in spin-valves of [Pd(0.6)/Co(0.22)],/Pd(0.6)/ferro-magnetic material(FML)(t)/Cu(1.8)/ferro-magnetic material(t)/
[Pd(0.6)/Co(0.38)],/FeMn(11.2 nm)/ multilayer, where ferro-magnetic material are Co(0.7), CogFe;(0.7), CogFe,(0.7) and NiFe(1.1 nm). The insert
figure is hysteresis graph MR curve of spin-valve that inserted Co material to the ferromagnetic layer. (b) XRD patterns of [Pd(0.6)/Co(0.22)],/
Pd(0.6)/Co(t)/Cu(1.8)/Co(t)/[Pd(0.6)/Co(0.38)],/FeMn(11.2) (nm) multilayer as an increasing thickness of Co.
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Fig. 2. (a) Coercive fields of free layer and (b) MR ratios as a function
of thickness of a various ferro-magnetic layer materials in spin-valves
of [Pd(0.6)/Co(0.22)],/Pd(0.6)/FML/Cu(1.8)/FML/[Pd(0.6)/Co(0.38)],/
FeMn(11.2), where FML are Co, CogFe,, CogFe; and NiFe.
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Fig. 3. MR curves as thickness of CogFe; layer 0.23 nm in the
perpendicular spin-valves of [Pd(0.6)/Co(0.22)]2/Pd(0.6)/CooFe,(t)/
Cu(1.8)/CogFe,(t)/[Pd(0.6)/Co(0.38)]/FeMn(11.2) structure. The inserted
figure shows tendency of coercivity field.
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Fig. 4. XRD patterns of [Pd(0.6)/Co(0.22)]s with/without FeMn layer
and [Pd(0.6)/Co(0.22)],/Pd(0.6)/CoqFe;(t)/Cu(1.8)/CooFe,(t)/[Pd(0.6)/
Co(0.3.8)]./FeMn(11.2) (nm) multilayer as an increasing thickness of
COK)FC].
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Coersivity Alteration of Free Layer in the [Co/Pd] Spin-valves
with Perpendicular Magnetic Anisotropy
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We study the giant magneto-resistance (GMR), coercivity and their dependence on the ferromagnetic layers adjacent to the
nonmagnetic layer in a spin-valve structure, [Pd/ferromagnetic] multilayers with perpendicular anisotropy. We fabricated a basic spin-
valve structure of [Pd/Col,/ferro-magnetic layer/nonmagnet/ferro-magnetic layer/[Pd/Co],/FeMn and investigated the dependence of
its GMR and magnetic properties such ad coercivity on the ferromagnetic material to reduce the coercivity of the free layer. We try to
reduce the freelayer coercivity by controlled the anisotropy, we insert the material NiFe, CogFe,, CooFe; to ferromagnetic layers
adjacent to the Cu layer. Then, we have been able to reduce the coercivity as low as 100 Oe, and also achieved 6.7 % of magneto-
resistance ratio when the ferromagnetic layer thickness was 0,7 nm.

Keywords : perpendicular magnetic anisotropy, coercivity, Pd/Co multilayer, Spin-valve, magneto-resistance



