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Abstract

This paper summarises the current developments in magnetic skyrmions and their possible appli-
cation as a computational platform. In theory skyrmions could increase the speed and information
density of future computational devices, while also decreasing their power consumption.

1 Introduction
The theoretical construct of a skyrmion was first
introduced by Tony Skyrme in 1961 [1]. In 2009
skyrmions were observed in magnetic materials for
the first time [2]. They are topologically protected
spin arrangements in two dimensional magnetic
materials under the presence of a broken spatial
inversion symmetry. They can be described as re-
pulsive quasi-particles.

The energy of the exchange interaction for two
neighbouring spins in a magnetic material is given
by equation 1. This interaction is favouring their
parallel alignment.

Eex = J · (S1 · S2) (1)
EDM = −D12 · (S1 × S2) (2)

Under the presence of a broken spatial inversion
symmetry an additional energy term arises, due
to the so called Dzyaloshinskii-Moria interaction
(DMI), as given in equation 2. This interaction
favours an orthogonal alignment of neighbouring
spins. Its magnitude is dependant on material
properties. The result of this additional energy
term is a stable spin arrangement with a flipped
inner spin in respect to the exterior spins, called
a skyrmion.

To achieve stable skyrmions both the magnetic
field and the DMI within the two dimensional
magnetic material have to be tuned carefully. Us-
ing multilayered substrates, both of these prop-
erties can be changed. In 2020 skyrmions were
observed at room temperature and zero external
magnetic field for the first time within such a mul-
tilayered system [3].

2 Application in storage devices
One promising future application of skyrmions
could be within storage devices. Their small size

of a few nanometers and high stability might lead
to a high density storage device. One proposal for
such a storage device is a linear racetrack mem-
ory [4]. Representing logical "0" and "1" by the
existence or nonexistence of a skyrmion in a given
space, the write operations could be conducted by
creating or annealing skyrmions. This has been
shown to be possible in a deterministic way using
external magnetic fields [5], or spin polarised elec-
trical currents [6]. Skyrmions could be detected in
an electrical device using Topological Hall Resis-
tivity [7] or Magnetic Tunnel Junctions [6]. Mov-
ing the skyrmions along the racetrack memory
could be realised using spin orbit torques [8, 9].
In addition to the driving force, spin orbit torques
induce a force orthogonal to the direction of move-
ment. This effect is called the skyrmion Hall effect
[9]. To prevent the skyrmions escaping from any
storage devices due to this skyrmion Hall effect the
edge-repulsion can be used by placing a boundary
layer to control the skyrmion motion.

Due to their massless properties skyrmions can
be transported efficiently. It has been shown, that
they can be moved using currents that are orders
of magnitudes smaller than for magnetic domain
based devices [8].

3 Application as computational
device

Besides using skyrmions in a future storage de-
vice, they could also be used as a computational
platform. Although this concept has not been
tested until the present day, multiple theoretical
proposals and simulations have been brought for-
ward. Using different properties of skyrmions, log-
ical gates capable of being used for different opera-
tions – such as AND, NAND, OR, NOR – could be
manufactured [10]. A potential speedup of about
three orders of magnitude could be possible.
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