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Magnetic skyrmions are particle-like spin structures of topological origin found in several magnetic materials,
making them a promising candidate for current-driven memory devices. However, for applications, it is important
to understand the origin of the large mass of skyrmions that affects strongly their trajectory during the propagation.
Here we investigate the strength of the Dzyaloshinsky–Moriya interaction at the ferromagnetic/heavy metal inter-
face. Our measurements are carried out by the method based on asymmetric bubble expansion. Magneto-optical
Kerr effect studies are performed on two different samples of asymmetric Pt/Co/MgO with different MgO thick-
ness, where a larger Dzyaloshinsky–Moriya interaction can be expected.
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1. Introduction

Magnetization dynamics in thin films [1, 2] and wires
had generated a lot of interest recently due to high ap-
plicability [3–5] and potential impact on spintronic de-
vices. In particular, magnetic skyrmions are topologi-
cal structures that can be stabilized in thin magnetic
films [6, 7]. It has been shown theoretically [8, 9] and
experimentally [10, 11] that single skyrmions can be ex-
cited by magnetic fields or electric current. Depending
on the excitation, mainly a breathing mode, where the
size of the skyrmion changes periodically, and a trans-
lational mode, where the skyrmion behaves like a com-
posite particle, are stimulated. The latter one makes
the skyrmion a promising candidate for applications in
novel memory and logic devices [12], due to the rich dy-
namics and high predicted efficiency of spin orbit torque.
Simulations and experimental observations of the trans-
lation of a skyrmion quasi particle have shown that it be-
haves like a massive charged particle in a magnetic field
following a hypocyclodic trajectory. From this trajectory,
it can be determined that the quasi particle has a siz-
able mass, which is larger than in other magnetic struc-
tures [10]. For an application of the skyrmion, it is impor-
tant to understand the origin of the large mass since the
mass strongly affects the trajectory of the skyrmion [13].
One reason for the large mass can be the breathing mode
of the skyrmion. Finally, for chiral skyrmion, the mag-
netic configuration of the skyrmion is strongly affected by
the Dzyaloshinsky–Moriya interaction (DMI) that is an-
tisymmetric exchange interaction favouring non-collinear
orientation of neighbouring spins [14, 15]. The DMI is
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expected to have a large influence on the mass, and there-
fore on the dynamics of the skyrmion [15].

In this paper, we address both thin film preparation
and quantification of DMI at the heavy metal/ ferromag-
netic interface by the method based on asymmetric bub-
ble expansion, originally proposed in [16] and later used
in [17, 18]. The measurements are carried out on two dif-
ferent Pt/Co/MgO samples with asymmetric interface
and different MgO layer thicknesses.

2. Experiment

The multilayers have been prepared by room temper-
ature DC sputtering at small pressures of 10−6 mbar on
thermally oxidized Si substrates with a 5 nm thick Ta
buffer layer.

We started from a stack of Pt (4 nm)/Co (0.6–1 nm)
/MgO (0.45 nm) wedge samples and observed the out of
plane (OOP) magnetic anisotropy with magnetic bubbles
at Co thickness of 0.85 nm that we finally used for our
samples. The film exhibits a perpendicular anisotropy,
as shown by the square out of plane hysteresis loops
presented in Fig. 1.

The coercive field of about 15 mT in Pt/Co/MgO
drops to about 14 mT as soon as the top 0.65 nm MgO
surface is substituted by 0.42 nm thick MgO layer. The
out of plane (OOP) anisotropy was measured by the vi-
brating sample magnetometry technique in an in-plane
field configuration. The anisotropy field is about 0.1 T
for all the films, which demonstrates that the anisotropy
comes mostly from the bottom Pt/Co interface.

The asymmetric bubble expansion has been observed
by Evico-Zeiss magneto-optical Kerr effect (MOKE) mi-
croscopy [19]. Contrary to the previous attempts [20],
asymmetry in bubble expansion was not achieved by
tilted magnet in our case, but we used the system of
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Fig. 1. Hysteresis loops with a perpendicular magnetic
field show perpendicular magnetic anisotropy (PMA) in
both studied samples.

two coils. The in-plane magnetic field was applied by
commercial Evico-Zeiss water-cooled quadruple magnet
and the out-of-plane component of the magnetic field was
generated by simple hand-made coil. KEPCO amplifier
controlled by commercial Kerr-Lab software has supplied
both coils.

3. Results and discussion

A typical shape of magnetic bubble in Pt/Co/MgO
sample is shown in Fig. 2. When the OOP magnetic
field is applied to the sample, the boundaries of a bub-
ble expand symmetrically because of magnetostatic (Zee-
man) contribution to the overall energy. OOP magnetic
field oriented in the same (opposite) direction as mag-
netization of bubble generates a torque that pushes the
domain wall outwards (inwards) from the bubble. It has
been shown previously that Pt/Co/MgO thin films con-
tain domain walls with the Néel structures with a tran-
sient magnetization oriented in the plane of a sample.
Hence, the OOP magnetic field does not break the radial
symmetry of a bubble.

The effect of an in-plane (IP) magnetic field applied
during bubble expansion is shown in Fig. 2. In each
case, the background image was taken before asymmet-
ric expansion. The in-plane magnetic field was set to
a constant value 10 mT–100 mT, and the pulse of OOP
field with the duration of 100 ms–4 s was used to ex-
pand the bubble. The shape of a bubble was imaged
by MOKE microscope and the whole procedure was re-
peated as a function of applied IP magnetic fields. As
seen in Fig. 2, the bubble expands asymmetrically with
respect to the in-plane fields. The bubble edges oriented
along IP fields propagates with different speed, while the
bubble boundaries perpendicular to the direction of IP
fields moved with the same velocities. The observed effect
was previously attributed to the presence of DMI in thin
films that in combination with an external field either

Fig. 2. Domain wall expansion in Pt/Co/MgO sample.
The top left image shows asymmetric bubble expansion
in OOP field. The top right image shows the bubble
expansion with magnetic field applied in-plane of the
sample. The bottom image shows a schematic profile of
a spin structure of a bubble with Néel domain wall.

Fig. 3. The domain wall velocity as a function of the
in-plane magnetic field.

assists or hinders domain wall motion. The minimum
of the domain wall velocity corresponds to the effective
DMI value [14].

As can be seen in Fig. 3, for Pt/Co/MgO layer with
MgO thickness of 0.42 nm, the effective value of DMI is
estimated to be about 90 mT. Higher thickness of MgO
layer in the second sample (t = 0.62 nm) results in higher
DMI value of around 130 mT. Therefore, variations of
a top MgO layer thickness seem to be strong enough to
influence the interfacial DMI. The effect could be used to
manipulate the dynamic properties of skyrmions through
their effective mass.

4. Conclusions

Here, we measure strength of the Dzyaloshinskii–
Moriya interaction in two thin Pt/Co/MgO layers dif-
fering by the thickness of a top MgO layer. The mea-
surements are carried out by MOKE method based on
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asymmetric bubble expansion. It is shown that ap-
plication of the in-plane field leads to a more pro-
nounced displacement of a domain wall boundary in sam-
ple with higher thickness of MgO layer. The observed
mechanism could be used for precise engineering of the
Dzyaloshinskii–Moriya interaction, that strongly affects
dynamical properties of skyrmions.
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