Permalloy Nanodisks for Biomedical Applications
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Magnetic nanoparticles are extensively studied for biomedical applications because their size are
comparable to biological entities, while providing remote capabilities of actuation [1]. Disk shaped
ferromagnetic nanoparticles add attractive possibilities to these characteristics. First, Permalloy (Py)
nanodisks display much higher saturation magnetization values than oxide nanoparticles and second,
depending on their geometry, they can present a spin vortex configuration which leads to net zero
magnetization at remanence, eliminating the problem of particle agglomeration. Therefore, Py nanodisks
present a huge potential for biomedical applications, ranging from cancer cell destroy by hyperthermia or
mechanical actuation to MRI contrast enhancement and drug delivery [2].
While oxide nanoparticles are chemically synthetized, nanodisk physical fabrication methods offer higher
control on particle size and the possibility of choosing among a larger spectrum of materials. Electron
beam lithography (EBL) and Photolithography allow for tightly controlled fabrication of particles with
virtually any size, shape and composition. The use of these techniques, though, imply a very low yield
production (in the case of EBL) and the use of quite sophisticated and expensive equipment. As an
alternative, self-assembling fabrication routes provide high volume and low cost production of well-defined
Py nanodisks.
In this work we present the results obtained by Hole-mask Colloidal Lithography (HCL) [3]. HCL utilizes
the definition of a dense hole-pattern in a sacrificial resist layer onto which a layer of Py is deposited. Py
disks are produced after lift-of of the resist layer.
The results obtained show promising structures. The magnetic characterization performed by MagnetoOptical Kerr Effect (MOKE) indicates that vortex and single-domain states can be present [4].
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Figure 1 (left): hole-patterned resist. Figure 2 (right): Permalloy nanodisks on SiO2 substrate.

