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We demonstrate that magnetic skyrmions with a mean diameter around 60 nm can be stabilized
at room temperature and zero external magnetic field in an exchange-biased Pt/Co/NiFe/IrMn mul-
tilayer stack. This is achieved through an advanced optimization of the multilayer stack composition
in order to balance the different magnetic energies controlling the skyrmion size and stability. Mag-
netic imaging is performed both with magnetic force microscopy and scanning Nitrogen-Vacancy
magnetometry, the latter providing unambiguous measurements at zero external magnetic field. In
such samples, we show that exchange bias provides an immunity of the skyrmion spin texture to
moderate external magnetic field perturbations, in the tens of mT range, which is an important fea-
ture for applications as memory devices. These results establish exchange-biased multilayer stacks
as a promising platform towards the effective realization of memory and logic devices based on
magnetic skyrmions.

Magnetic skyrmions are whirling spin textures, which
hold great promise to store and process the information
at the nanoscale in future memory and logic devices.
These topological spin textures were first observed at low
temperature and in the presence of large magnetic fields
both in bulk materials exhibiting broken inversion sym-
metry [1, 2] and in epitaxial ultrathin films with interfa-
cial Dzyaloshinskii-Moriya interaction [3, 4]. After years
of active research, magnetic skyrmions can nowadays
be stabilized at room temperature in technologically-
relevant materials based on sputtered magnetic multi-
layer systems lacking inversion symmetry [5–8]. Deter-
ministic skyrmion nucleation and fast current-induced
motion (> 100 m/s) were also recently demonstrated,
owing to efficient spin orbit torques in such magnetic
multilayer stacks [6, 9–14]. These results have opened
a path for memory and logic devices where skyrmions in
tracks are used as information carriers. Their particle-
like, topologically stable spin texture, small size and ef-
ficient current-induced manipulation could lead to spin-
tronic devices providing a unique combination of high-
density data storage capabilities, high speed logic opera-
tions and low energy consumption [15, 16].

To realize such devices, small-sized skyrmions must be
stabilized at ambient conditions without the need of an
external magnetic field. This challenging task can be
pursued by using either confined geometries [7, 17, 18],
metastable skyrmion textures induced by pinning ef-
fects [19, 20], frustration of exchange interaction in ultra-
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thin ferromagnets [21] or ferrimagnetic materials close to
the magnetization compensation [22]. Another promis-
ing strategy consists in designing magnetic heterostruc-
tures in which interlayer exchange coupling acts as an
effective internal magnetic field Bint [23–25]. Here we
demonstrate that magnetic skyrmions with a mean di-
ameter around 60 nm can be stabilized at room temper-
ature and zero external magnetic field in an ultrathin
ferromagnetic layer exchange-biased by an antiferromag-
netic film. Compared to previous studies using exchange-
biased multilayer stacks [24], this result corresponds to a
reduction of skyrmion diameter by one-order of magni-
tude. This is achieved through an advanced optimization
of the multilayer stack composition in order to balance
the different magnetic energies controlling the skyrmion
size and stability [26, 27].

The studied exchange-biased sample consists of a
Ta/Pt(3)/Co(0.3)/Ni80Fe20(tNiFe)/Ir20Mn80(tIrMn)/Pt(3)
multilayer stack (unit in nm) deposited by mag-
netron sputtering on a 100 mm diameter Si substrate
[Fig. 1a]. The Pt/Co interface yields perpendicular
magnetic anisotropy combined with a sizable interfacial
Dzyaloshinskii-Moriya interaction (DMI) [28, 29], which
is a key ingredient for stabilizing skyrmions. Further-
more, this interface provides large spin orbit torques
for efficient current induced skyrmion motion [14]. The
use of a NiFe thin film offers (i) a large exchange bias
at the interface with the IrMn layer and (ii) a lower
spontaneous magnetization compared to cobalt, so that
small-sized skyrmions are expected owing to a reduced
dipolar energy [26, 27]. To induce exchange bias, the
samples were annealed at 200◦C for 2 minutes under
a large out-of-plane magnetic field Bz = 570 mT.
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exchange-biased Pt/Co/NiFe/IrMn multilayer stack. In
such samples, exchange bias provides an immunity of the
skyrmion spin texture to moderate external magnetic
field perturbations, in the tens of mT range, which is an
important feature for applications as memory devices.
These results establish exchange-biased multilayer stacks
as a promising platform towards the effective realization
of memory and logic devices based on the manipulation
of topological spin textures.
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