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Nanosphere lithography offers wide range of possibilities
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What scientific problem we want to solve?

How do the magnetic properties change during the transition 
from island arrays (dots) to hole patterns (antidots)?

geometric
transition

We are interested not only in macroscopic (coercivity, anisotropy constant etc.)
but also microscopic (domain size, domain wall configuration etc.) properties.

Nanosphere lithography fits perfectly this type of scientific problems.
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How to prepare arrays of magnetic nanostructures on a large area?
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Scanning Magnetoresistive Microscopy
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period 438 nm
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period: 438 nmcoverage ratio: 23%
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Micromagnetic model for reference flat sample

Material parameters:

• damping constant:   α = 0.15

• exchange stiffness:   Aex = 10-11 J/m

• anisotropy constant:   Ku = 9.0 x 105 J/m3

• saturation magnetization:   MS = 8.0 x 105 A/m

Simulation approach:

• MuMax3 software

• voxel size: 2 nm x 2 nm x 2 nm (lex ≈ 5 nm)

• sample size: 2048 nm x 2048 nm x 12 nm

• periodic boundary conditions

Intrinsic defects:

• polycrystalline (grain size 10 nm, std dev. 2.5 nm)

• 10% of grains are „easy-switchers” with Ku = 0

• each grain has a unique direction of Ku axis (std. dev of 5 deg)

• additional random distribution of Ku directions for 2% of grains
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Magnetic reversal and domain structure for reference sample

Bloch domain wall
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Micromagnetic model for antidot array

rim of antidots 
with Ku= 0 and

reduced MS

M. Krupinski et al. Scientific Reports 9 (2019) 13276 
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Antidot size determines domain wall type
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Domain pattern changes during magnetic reversal

antidot diameter = 182 nm M. Krupinski et al. Scientific Reports 9 (2019) 13276 





Summary
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• Transition from the Bloch to the Néel domain walls occurring for the 
arrays with the narrow necks between the antidots has been found.
The antidot lattice geometry can form a network of magnetic bubbles.

• Nanosphere lithography is a feasible route to obtain 
highly ordered large scale magnetic arrays

• Coercive field, saturation magnetization and magnetic
anisotropy constant can be widely adjusted
in such structures
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