
XXXVIII Reunión Bienal de la RSEF - Murcia 2022 
 

Two lines of space reserved to include 
codes of the symposium and of this communication 

Espacio reservado para el número de página 

 

 

Novel magnetic nanostructures: nanopillars and 
patterned antidots 

Elena Navarro1, María Ujué González2, Fanny Béron3, Felipe Tejo4, Juan Escrig5,  
Andreas Kaidatzis6, Rafael P. del Real4, Raquel Álvaro2, Dimitrios Niarchos6, Manuel Vázquez4, 

José Miguel García-Martín2,* 

1Dpto. de Física de Materiales, Universidad Complutense de Madrid, Madrid, Spain.   
2Instituto de Micro y Nanotecnología, CSIC, Tres Cantos, Spain. 

 3Instituto de Física Gleb Wataghin, UNICAMP, Campinas, Brazil. 
 4Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, Spain.  

5Departamento de Física, USACH, Santiago, Chile. 
 6Institute of Nanoscience and Nanotechnology, NCSR Demokritos, Athens, Greece. 

*e-mail: josemiguel.garcia.martin@csic.es 

Two different nanostructures are studied in this contribution: large-area nanopillar arrays fabricated by 

glancing angle deposition with magnetron sputtering (MS-GLAD) and magnetic thin films perforated with 

long-range order arrays of nanoholes prepared by focused ion beam (patterned antidots). 

MS-GLAD is an easy and versatile route to fabricate arrays of nanostructures in large areas in a single 

processing step. In our work, nanostructured films with vertical or tilted nanopillars composed by 

polycrystalline Fe and Fe2O3 have been fabricated depending on whether the substrate is kept rotating 

azimuthally during deposition or not, respectively [1]. The magnetic properties of these films can be tuned 

with the specific morphology. In particular, the growth performed through a collimator mask mounted onto 

a not rotating azimuthally substrate produces almost isolated well-defined tilted nanopillars that exhibit a 

magnetic hardening. The first-order reversal curves diagrams and micromagnetic simulations revealed that 

a growth-induced uniaxial anisotropy, associated with an anisotropic surface morphology produced by the 

GLAD in the direction perpendicular to the atomic flux, plays an important role in the observed magnetic 

signatures. 

Magnetic antidots are being studied for different applications, such as magnonic crystals for microwave 

devices, magnetically-active plasmonic media, magnetic biosensing, and magneto-resistance sensors. In 

our work, a top-down approach using focused ion beam has been employed to fabricate Co/Permalloy hard-

soft bilayer antidot arrays [2]. The antidots have a 40 nm diameter and two symmetries are studied: square 

and hexagonal. A dependence of magnetic coercivity on the relative thicknesses of the magnetically hard 

(Co) and soft (Permalloy) layers is found; increasing Permalloy thickness results in lower magnetic 

coercivity. Furthermore, the long-range periodicity of these antidots results in higher magnetic coercivity 

and a stronger magnetic domain-wall pinning, compared to identical hard/soft bilayers of short-range order 

deposited on porous anodic alumina. Finally, magnetic force microscopy (MFM) imaging of the antidot 

arrays shows striking qualitative differences between the two symmetries: square symmetry arrays have 

inhomogeneous magnetic state and a high density of immobile super-domain walls, whereas hexagonal 

symmetry arrays show a homogeneous magnetic configuration. 
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