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The relationship between microstructure and magnetic properties of nano-scale
magnets formed In a copper matrix
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This study has investigated the relationship between microstructural evolution
and magnetic properties of magnetic particles formed in Cu-Ni-X alloys.Single crystal Cu-Ni-X alloy
samples were prepared and used for high-resolution transmission and photoemission electron microscopy(TEM
and PEEM) observations.The first principle electron energy band calculations and
micromagnetic simulations based on KKR method and Landau-Lifschitz-Gilbert equation were also
implemented.The present TEM and PEEM observations have revealed that Ni-Fe rich tiny particles were
distributed randomly in copper matrix in the initial stage of annealing, while the tendency to arrange
linear along <100> directions became more clear with further annealing. A ferromagnetic particle with a
magnetically single-domain formed anti-parallel spin pair with an adjacent particle. The A-C mode M-T
susceptibility measurements suggest that two types of ferromagnetic regions were formed just after the
solution-treatment.
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Fig.1 Photograph of Cu,-Ni,-Fe; alloy single
crystal

Fig. 2 Bright-field TEM images of the
microstructures formed in a Cu,-Niy-Fe; alloy
aged at 873K for 2x 10* min.
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Fig. 3 PEEM images of Cu,-Niy,-Fes single
crystal specimens aged at 873 K for 2x10*min.

PEEM
60nm



100nm

LLG

Detector
Balance beam

ii'

Holder

Furnace

!

Magnet Heater

Drive coil

Fig. 4 Schematic drawing of MTG Equipment.
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Fig. 5 Total DOS of Cu,NiFe; (Alloy),
CuyyNiggFe,s
(Matrix).
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