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Structural and magnetic properties of Pt/Co/Mn-based multilayers
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Magnetic multilayers are a rich class of material systems with numerous highly tunable physical parameters
that determine both their magnetic and electronic properties. Here, we present a comprehensive experimental
study of the system Pt/Co/Mn, which extends the group of Pt/Co/X (X = metal) multilayers that have been
investigated thus far. We demonstrate that an increasing Co layer thickness changes the magnetic anisotropy
from out of plane to in plane, whereas the deposition of thicker Mn layers leads to a decrease in the saturation
magnetization. Temperature-dependent magnetometry measurements reinforce the hypothesis of antiferromag-
netic coupling at the Co/Mn interfaces being responsible for the observed Mn thickness dependence of the
magnetization reversal. Moreover, magneto-optical imaging experiments indicate systematic changes in mag-
netic domain patterns as a function of the Co and Mn layer thickness, suggesting the existence of bubblelike
domains—potentially even magnetic skyrmions—in the case of sufficiently thick Mn layers, which are expected
to contribute to a sizable Dzyaloshinskii-Moriya interaction in the multilayer stacks. We identify Pt/Co/Mn as a
highly complex multilayer system with strong potential for further fundamental studies and possible applications.
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I. INTRODUCTION

Metallic magnetic films and multilayers are material sys-
tems that offer a high degree of tunability in regard to their
magnetic and electronic properties [1–3] and are key to con-
temporary magnetic applications based on the concepts of
spintronics and magnonics [4,5]. The space of controllable
parameters includes, but is not limited to, the type of chemical
elements, the layer thickness, the number of layer repeti-
tions, and the choice of the deposition method. Especially
for magnetic multilayers, there is a wide variety of novel
physical phenomena that emerge at the interfaces [6]. One
particularly interesting phenomenon in such multilayers is
given by the existence of an antisymmetric exchange inter-
action, the Dzyaloshinskii-Moriya interaction (DMI) [7,8],
which under certain conditions may give rise to the pres-
ence of magnetic skyrmions even at room temperature [9]. In
condensed-matter physics, magnetic skyrmions are topologi-
cally distinct chiral spin textures which may find use in future
information-processing devices or nonvolatile memory solu-
tions. Such devices may, for instance, be realized by creating,
moving, and reading skyrmions in a fast and reliable manner
[10–12] or by harnessing the coupled internal eigenmodes of
chiral magnetic textures [13–17].

One of the most promising classes of multilayers is given
by Pt/Co/X systems, where X corresponds to an additional
metallic layer that is required to break spatial inversion sym-
metry and thus contributes to a significant DMI [18,19]; we
note that even in pure Pt/Co multilayer systems a weak DMI
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has been reported due to the different characters of Pt/Co and
Co/Pt interfaces [20]. Pt/Co/X systems are based on scien-
tifically well understood Pt/Co multilayers which have been
studied extensively for several decades. Under certain condi-
tions, the addition of a third layer to the Pt/Co-bilayer system
may lead to the presence or enhancement of a DMI. In this
regard, Ajejas et al. recently reported on the dependence of the
interfacial DMI strength on the work function difference at the
Co/X interface, where they considered various metallic mate-
rials X , such as Pd, Ru, and Al [19]. Further works have also
focused on several other Pt/Co/X -based multilayers, includ-
ing Co/Ni/Pt [21], Pt/Co/W [22], Pt/Co/Ta [10], Pt/Co/Ir
[23], Pt/Co/Ho [24], and Pt/Co/Cu [25]. In this context, the
use of Mn as the third metallic layer X in Pt/Co/X has not
been reported thus far, even though the significantly different
work functions � of Co and Mn, �Co = 5.0 eV and �Mn =
4.1 eV [26], suggest the presence of a considerable interfacial
DMI. In addition, further interesting and complex physical
phenomena can be expected in Pt/Co/Mn systems due to
possible ferro- or antiferromagnetic interlayer and interfacial
coupling between Co and Mn, as well as due to the formation
of different Mn phases and the occurrence of intermixing
at the Co/Mn interface, as reported by various articles on
Co/Mn multilayers [27–32]. Despite being well established
in the literature, interdiffusion is an often overlooked—but
nevertheless important—phenomenon that can occur even in
room-temperature-deposited films and typically determines
the properties of magnetic heterostructures; see, for example,
reports on Co/Gd/Pt [33,34] and Co/Pt [35,36] multilayers.

Motivated by the prospect of rich and complex physical
phenomena in a novel metallic heterostructure system, we
fabricated polycrystalline [Pt/Co/Mn]n multilayer samples
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by means of direct current (dc) magnetron sputtering
and carried out a comprehensive characterization of their
structural and magnetic properties. In the remainder of this
article, we will demonstrate that the magnetic characteristics
of Pt/Co/Mn-based multilayers are highly sensitive to the Co
and Mn layer thicknesses and can be tuned systematically by
careful execution of the deposition processes. Furthermore,
systematic changes in the magnetic domain structure as
revealed by magneto-optical imaging experiments will be
discussed in light of the possible emergence of a DMI and
other magnetic interactions.

II. EXPERIMENTAL METHODS

Magnetic Ta(2.0)/[Pt(1.5)/Co(x)/Mn(y)]n/Pt(tcap) multi-
layers were deposited at room temperature on thermally
oxidized Si(100) substrates by means of dc and pulsed dc
magnetron sputtering using an AJA International ATC 2200
system. Numbers in parentheses indicate the layer thickness
in nanometers. Furthermore, x and y correspond to the thick-
nesses of the Co and Mn layers, respectively, and the Pt cap
layer thickness tcap was chosen to be either 1.5 or 2.0 nm for
all samples. The sputtering power was set to 30 W for all
materials, and the vacuum chamber was kept at a base pressure
better than 2 × 10−8 Torr. During deposition the argon pres-
sure was 3 mTorr. The combination of relatively small power
values and a low partial Ar pressure was chosen to increase the
deposition time and thereby reduce the error in the thickness
of the ultrathin layers. Subsequently, structural characteriza-
tion was performed by x-ray reflectometry (XRR) on a Bruker
D8 Advance system. Modeling and fitting were carried out
with the Bruker LEPTOS software package. Scanning trans-
mission electron microscope (STEM) studies of a selected
multilayer stack complement the structural analysis of the
Pt/Co/Mn heterostructures. To this end, STEM samples were
prepared using a focused ion beam (FIB; Thermo Scios2 Dual
Beam) microscope lift-out milling technique, and the sample
was thinned to ∼50 nm with a careful cleaning processing
under 5 and 2 kV. To investigate the elemental configuration,
energy dispersive x-ray spectroscopy (EDS) was operated on a
STEM (FEI Themis Z Advanced Probe Aberration Corrected
Analytical TEM/STEM) at an accelerating voltage of 300 kV
(Schottky X-FEG gun) and equipped with four-crystal EDS
systems (FEI Super-X) in STEM mode with a semiangle of
18 mrad. All STEM-EDS data were collected for more than
30 min with a 10 μs dwell time and an ∼100 pA probe current.
Magnetic properties were measured in a magnetic properties
measurement system by Quantum Design, using dc supercon-
ducting quantum interference device (SQUID) magnetometry
as well as the vibrating sample magnetometer (VSM) option,
both yielding consistent results. For samples with a reduced
magnetic moment, we have observed the presence of consider-
able background signals, presumably related to paramagnetic
and diamagnetic contributions of the silicon substrate or the
sample holder. Therefore, we also recorded hysteresis loops
for selected samples using a polar magneto-optical Kerr ef-
fect (MOKE) magnetometry setup, for which no spurious
signals occurred; see the Supplemental Material for a discus-
sion of these measurements [37]. Furthermore, we utilized a

FIG. 1. XRR spectra for samples with varying numbers of repeti-
tions n = 2, 4, 6, 8. Depicted are the experimental data as well as fits
(orange curves) for angles 2θ (θ is the incident angle) ranging from
0.5◦ to 5.5◦. The maximum interfacial roughness is around 0.4 nm
for all samples (see Table I).

home-built Kerr microscope for magneto-optical imaging of
magnetic domain structures in the Pt/Co/Mn samples.

III. RESULTS AND DISCUSSION

A. Structural properties

As a first step, we carried out an extensive structural
characterization with XRR in order to demonstrate the
accuracy and reliability of the magnetron sputtering of
[Pt/Co/Mn]n. Figure 1 shows the XRR spectra for angles
2θ between 0.5◦ and 5.5◦ for a set of four samples with
different numbers n of Pt/Co/Mn trilayer repetitions. Here, θ

corresponds to the incident angle of the x-ray beam. Clearly,
Kiessig fringes with different wavelengths can be observed
for the respective samples. To obtain a better understanding
of the data, theoretical XRR spectra are modeled and then
fitted to the experimental data by using the LEPTOS software
suite. Excellent agreement between the experimental data
and the fits (orange curves) can be seen for all four samples.
The utilized fit parameters are presented in Table I. Here,
tM corresponds to the layer thickness of material M, and σM

indicates the layer roughness. It is plausible to assume that
the individual Pt, Co, and Mn layer thickness and roughness
values are identical for every repetition of the Pt/Co/Mn
trilayer. In the bottom row, the nominal thickness values tM are
also presented for the sake of clarity. As can be seen in Table I,
the maximum interfacial roughness σ for all multilayer
specimens has been determined to be lower than 0.4 nm.
This implies that the sputtered films are of good quality.
More XRR data for samples with varying Mn and Co layer
thicknesses are shown in the Supplemental Material [37].

To gain a deeper understanding of the structural prop-
erties in general, we also performed STEM investiga-
tions of a selected [Pt/Co/Mn]n sample with n = 10.
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TABLE I. Overview of the utilized fit parameters for XRR spectra of Ta(2.0)/[Pt(1.5)/Co(1.2)/Mn(0.8)]n/Pt(2.0) samples with n =
2, 4, 6, 8 Pt/Co/Mn trilayer repetitions as displayed in Fig. 1. tM indicates the layer thickness of material M, and σM is the corresponding
layer roughness. The bottom row indicates the nominal thickness values tM.

n tTa (nm) σTa (nm) tPt (nm) σPt (nm) tCo (nm) σCo (nm) tMn (nm) σMn (nm) tPt,cap (nm) σPt,cap (nm)

2 1.98 0.18 1.46 0.37 1.18 0.20 0.88 0.24 2.00 0.29
4 1.98 0.22 1.50 0.27 1.09 0.29 0.86 0.34 2.12 0.28
6 1.96 0.31 1.54 0.29 1.17 0.21 0.73 0.34 2.19 0.38
8 2.01 0.28 1.61 0.26 1.08 0.20 0.84 0.32 2.28 0.29
Nominal tM 2.00 1.50 1.20 0.80 2.00

Figure 2(a) contains a STEM image of a selected Ta(2.0)/
[Pt(1.5)/Co(1.2)/Mn(1.2)]10/Pt(1.5) sample acquired in the
high-angle annular dark-field imaging mode. The multilayer
stack is clearly visible and covered with a Pt protection layer
deposited during the FIB process in which the STEM sample
was prepared. The four pictures in Figs. 2(b)–2(e) corre-
spond to EDS elemental mapping images for the cases of
Mn, Co, and Pt and the combination of these chemical ele-
ments, respectively. Figure 2(f) illustrates the weight fraction
mapping of Mn, Co, and Pt across the multilayer stack. The
EDS mapping area and direction (0 to 60 nm) are indicated
in Fig. 2(a) by the green box and arrow, respectively. The
distance between two adjacent peaks in Fig. 2(f) has been
determined to be 4.2 ± 0.3 nm for Pt, while it is 4.3 ± 0.2 nm
for both Co and Mn. This is in reasonable agreement with the

FIG. 2. (a) High-angle annular dark-field imaging (HAADF)
scanning transmission electron microscopy (STEM) micrograph of a
selected sample, Ta(2.0)/[Pt(1.5)/Co(1.2)/Mn(1.2)]10/Pt(1.5). EDS
elemental mapping images are shown for (b) Mn, (c) Co, and (d) Pt
individually, as well as for (e) all three elements. (f) Weight fraction
mapping of Mn, Co, and Pt across the multilayer stack as determined
from STEM-EDS measurements. An adjacent averaging filter of
5 pixels is used for smoothing the composition area profiles in (f).

expected values of 3.9 nm for the given sample. The existence
of 10 well-defined maxima for each of the three elements
demonstrates that the individual layers are separated and only
weak intermixing effects may have occurred at the interfaces.
In summary, the XRR and STEM-EDS data verify the pre-
cise thickness control in our sputter deposition procedures
for Pt/Co/Mn-based multilayers and thereby substantiate the
analysis of magnetic properties that is presented hereinafter.
In this context, it is important to note that the absence of layer
intermixing is crucial for the understanding of the magnetic
properties.

B. Magnetic hysteresis loops at room temperature

As a first step, we have recorded room-temperature
magnetic hysteresis curves with SQUID magnetometry mea-
surements. Because of the nontrivial background signal that
occurs due to the para- and diamagnetic contributions of the
sample holder, possible impurities, and the Si substrate, we
also measured hysteresis curves of selected samples by means
of a MOKE setup which are in excellent agreement with the
SQUID measurements; see the Supplemental Material for a
detailed discussion [37].

In the following, we consider samples with different num-
bers n of Pt/Co/Mn trilayer repetitions. Experiments were
performed at 300 K, and the external magnetic field was
applied either perpendicular or parallel to the film plane. Fig-
ure 3(a) displays hysteresis loops (field perpendicular to film
plane) for the four different samples on which the XRR analy-
sis was carried out (see Fig. 1). As is intuitively expected, due

FIG. 3. Magnetic hysteresis loops at room temperature for
[Pt/Co/Mn]n with varying n and the external magnetic field applied
(a) out of the film plane and (b) in the film plane. Systematic changes
in the hysteresis curves can be explained by modified magnetic
energy terms for varying n.
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to the higher magnetic (Co) volume, the saturation magnetic
moment becomes larger for samples with a higher number of
layers. In general, the increasing number of repetitions can
lead to modifications in various magnetic energy terms such
as the anisotropy or dipolar interaction [38], which explains
the observed systematic changes in the hysteresis curves.
Furthermore, the sheared nature of out-of-plane (OOP) hys-
teresis loops is common for systems that exhibit labyrinth
domains which may transform into skyrmions (see, for exam-
ple, Refs. [39,40]). In addition, when comparing the curves
to the ones in Fig. 3(b), for which an in-plane magnetic field
was applied, it is evident that the samples exhibit a perpen-
dicular magnetic anisotropy. More specifically, the in-plane
measurement curves show a much weaker hysteresis than their
out-of-plane counterparts. The effective anisotropy values Keff

for all aforementioned samples have been determined to lie
between 1.2 × 106 and 2.2 × 106 erg/cm3. In analogy to the
work by Wang et al. on Pt/Co multilayers, we observe an
increasing perpendicular magnetic anisotropy as a function of
the number of Pt/Co/Mn trilayer repeats n [38].

Next, we consider the hysteresis loops for samples
with varying Mn and Co thicknesses. Hysteresis curves
for Ta(2)/[Pt(1.5)/Co(1.2)/Mn(y)]2/Pt(1.5) with varying Mn
thickness values y are displayed in Fig. 4(a), where the total
magnetic moment divided by the volume of the Co layers is
plotted on the ordinate. Most importantly, aside from minor
changes in the shape of the hysteresis loops, the saturation
magnetization Ms strongly decreases as a function of increas-
ing Mn thickness y. Due to the nontrivial background signal
occurring in SQUID measurements of samples with low mag-
netic moment, we have verified the trend of decreasing Ms

with laser-based polar MOKE measurements, which show the
Kerr rotation signal is reduced as a function of increasing Mn
thickness (not shown). The unusual dependence of the mag-
netic properties on the Mn layer thickness can be explained
by an interfacial exchange coupling between adjacent Co and
Mn layers, which may even be accompanied by an antiferro-
magnetic ordering in the Mn layers in analogy to the findings
by Henry and Ounadjela in epitaxial Co/Mn multilayers [29].
Furthermore, the aforementioned work discussed that at the
same time an interlayer exchange coupling between adjacent
Co layers through the Mn spacer may occur. However, we do
not find evidence of the latter scenario due to the lack of an
exchange bias effect or changes in the shape of hysteresis
loops as a function of the Pt/Co/Mn repetition number n.
Apart from this, we cannot rule out slight interdiffusion be-
tween the Co and Mn layers, in analogy to the intermixing of
Co and Pt reported in Ref. [36], but our STEM measurements
lead us to the conclusion that this scenario is rather unlikely.
The formation of a Co-Mn alloy at the interface may also
lead to the presence of antiferromagnetic coupling within the
layers (see, for instance, Ref. [41]). In detail, Men’shikov et al.
demonstrated that Co-Mn alloys exhibit antiferromagnetism
or ferromagnetism or even a mixture of both, depending on
the exact composition. Furthermore, at low temperature such
alloys may display a behavior similar to a spin glass [41]. We
also point out that for low nominal Mn thickness values in
some of our samples, there is the possibility that Mn layers
were been deposited in a perfectly homogeneous way and in-
stead remained in the island-growth regime, which is common

FIG. 4. Magnetic hysteresis curves for [Pt/Co/Mn]2 at 300 K for
varying (a) Mn thickness y and (b) Co thickness x. Decreasing Ms for
higher y is related to emergent antiferromagnetic coupling within the
multilayer stacks. Interfacial anisotropy is strongly dependent on x
and therefore explains the change from OOP to IP anisotropy toward
higher x.

for sputtered ultrathin films [42] and may affect the mag-
netic properties. Before a more in-depth investigation of the
complex Mn thickness dependence, we now turn to the mag-
netic properties of Ta(2)/[Pt(1.5)/Co(x)/Mn(0.4)]2/Pt(1.5)
with varying Co layer thickness x. The curves in Fig. 4(b) have
been shifted with respect to each other for the sake of clarity.
Clearly, the magnetization reversal changes from a relatively
strong OOP anisotropy behavior toward a more in-plane (IP)-
like systematics for increasing Co layer thicknesses, where
hysteresis curves become more sheared. This is in good agree-
ment with previous works on Co/Pt multilayers, in which the
origin of perpendicular magnetic anisotropy was proven to
be interfacial anisotropy, which is highly sensitive to the Co
thickness [36,43,44]. Furthermore, a recent work by Denker
et al. on Ta/CoFeB/MgO films with variable CoFeB thick-
ness yielded comparable results, namely, a transition from
OOP to IP anisotropy toward higher thicknesses as indicated
by similar hysteresis loops [45].

C. Temperature dependence of magnetic properties

The observed decreasing saturation magnetization for
samples with a higher Mn layer thickness served as a
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FIG. 5. (a) Temperature-dependent coercive field Hc determined
for selected [Pt/Co/Mn]2 samples with varying Mn thickness and a
[Pt/Co/Ta]2 reference sample between 20 and 300 K. Toward higher
Mn layer thicknesses, Hc increases drastically. (b) Hc plotted against
the Mn thickness for different temperatures. A maximum is observed
for samples with a Mn thickness of 1.5 nm. Solid lines are a guide to
the eye.

motivation for temperature-dependent measurements that
could provide further insights into the nature of a possi-
ble antiferromagnetic coupling within the multilayer sam-
ples. In Fig. 5(a), the coercive field Hc for several
Ta(2)/[Pt(1.5)/Co(1.2)/Mn(y)]2/Pt(1.5) samples with vary-
ing Mn thickness y is plotted against temperature between 20
and 300 K. Furthermore, a [Pt/Co/Ta]2 reference sample with
0.4 nm thin layers of Ta instead of Mn has also been investi-
gated. It can be seen that the [Pt/Co]2 and the [Pt/Co/Ta]2

multilayers do not exhibit any significant temperature depen-
dence in Hc. However, a pronounced increase toward low
temperatures can be observed for samples containing Mn. In
detail, this increase becomes more significant for the case of
thicker Mn layers. As shown in Fig. 5(b), there is a maximum
for Mn thicknesses between 1.0 and 1.5 nm, whereas the
increase in Hc is less pronounced for thickness values outside
of this range.

The strong enhancement of the coercive field Hc for sam-
ples with intermediate Mn layer thicknesses upon cooling is in
good agreement with the hypothesis of an emergent interfacial
Co/Mn antiferromagnetic coupling. Our experimental data

may also be explained by slight intermixing of Co and Mn and
the emergence of a spin-glass-like phase of Co-Mn, in which a
higher field (i.e., more energy) is required to rotate the frozen
spins into the magnetic field direction. Such a spin-glass-
like phase might even be accompanied by antiferromagnetic
coupling, which is expected for Co-Mn alloys depending on
the exact composition [41]. A pronounced increase in the
coercive field toward low temperatures has been reported in
a wide range of other materials for various reasons. Selected
examples include amorphous Fe-Ni-B metallic glasses [46]
and rare-earth-doped permalloy films [47]. While the study
by Thomas et al. [46] also discusses the existence of a spin-
glass-like phase, the increase in coercivity upon cooling for
the latter material system is explained by the film structure
changing from polycrystalline to amorphous with increasing
concentration of dopants. Such a structural transition from
polycrystalline to more amorphous films is likewise conceiv-
able for the Co-Mn interfacial region in the studied Pt/Co/Mn
samples with varying Mn layer thickness.

Following the discussion of global magnetic properties of
Pt/Co/Mn-based multilayers, we will now analyze the spa-
tially resolved magnetic states in these systems.

D. Magneto-optical imaging

Magneto-optical imaging of domains was realized on a
home-built Kerr microscope with support from advanced im-
age processing algorithms which include the difference image
technique as well as contrast stretching [48]. Due to the
decreasing domain size for higher numbers n of Pt/Co/Mn
repetitions, we focus on a discussion of measurements for
n = 2. For samples with higher n, we did not observe any clear
signatures of magnetic domains. It should also be emphasized
that for samples with Mn layer thicknesses of y � 1.0 nm, the
Kerr signal becomes increasingly weaker, and thus, magneto-
optical imaging with adequate resolution is not possible with
our current setup. Figure 6(a) shows representative images
of samples with varying Mn thickness y at zero external
magnetic field after saturation with an out-of-plane field. We
observe a dendritic domain structure at the lowest Mn thick-
ness y = 0.4 nm. The average size of the magnetic domains is
clearly lower for the case of y = 0.6 nm. For an even higher
Mn thickness of y = 0.8 nm, we mostly observe bubblelike
domains, which could potentially be magnetic skyrmions that
are formed as a consequence of the DMI introduced by the Mn
layer. However, despite the expected presence of interfacial
DMI due to the difference in Co and Mn work functions
[19], the available experimental data is solely a hint and not
unambiguous proof of the bubblelike objects being skyrmions.
A more detailed investigation of the static and dynamic prop-
erties of these bubblelike domains is beyond the scope of the
present work.

In Fig. 6(b), three further representative images are shown
for samples with varying Co thickness x at zero external
field after saturation. Here, the size of the domains likewise
changes systematically as a function of the Co layer thick-
ness, which is in concordance with MOKE studies of CoFeB
films with varying thickness [45]. Despite the rather small
variations of the Co layer thickness, the MOKE images in
Fig. 6(b) display significant changes in the domain pattern.
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FIG. 6. MOKE images of [Pt/Co/Mn]2 multilayers for selected samples with varying (a) Mn layer and (b) Co layer thickness. The
scale bar (red) corresponds to a length of 20 μm. A sufficiently thick Mn layer leads to the presence of bubble domains or, potentially,
skyrmions. (c) Example of domain structure changes within a time interval of T = 10 s at a constant external field Bext ≈ 20 Oe for a
Ta(2)/[Pt(1.5)/Co(1)/Mn(0.4)]2/Pt(1.5) specimen.

Finally, Fig. 6(c) displays the interesting observation that the
domain state changes as a function of time even at a constant
magnetic field. This is attributed to the pinning and depinning
of domain walls at defects which represent local minima in
the complex energy landscape. Both MOKE images of the
sample Ta(2)/[Pt(1.5)/Co(1)/Mn(0.4)]2/Pt(1.5) are taken at
an external magnetic field of approximately 20 Oe applied
perpendicular to the film plane. The top image was taken right
after the field value was reached, whereas the bottom image
was acquired after a waiting time of 10 s at a constant field
value. Our observations are in good agreement with Pt/Co
multilayers studied by Woodward et al. which display a simi-
lar behavior [49]. A more detailed discussion of this magnetic
relaxation effect be found in the Supplemental Material [37].

IV. SUMMARY AND CONCLUSION

In this work, we have experimentally characterized a
Pt/Co-based multilayer system, namely, [Pt/Co/Mn]n. Struc-
tural investigations via XRR and STEM provided clear
evidence of the high quality of the sputtered layers and also
demonstrated the accuracy as well as reliability of the depo-
sition process. Magnetic characterization by means of polar
Kerr microscopy and SQUID/VSM magnetometry revealed
a systematic and complex behavior of this material system.
While the magnetic anisotropy can be tuned from out of plane
to in plane by increasing the Co layer thickness, a suffi-
ciently thick Mn layer leads to the emergence of bubblelike
magnetic domains—potentially even skyrmions—as well as
to a reduction in the total magnetic moment. The latter is
ascribed to the emergence of interfacial Co/Mn antiferromag-
netic coupling. Furthermore, a Co-Mn alloy possibly forms in
a narrow interfacial region and may contain antiferromagnetic
regions, which in the corresponding samples contribute to a
strong increase in the coercive field at low temperatures. This

behavior is most pronounced for Mn thicknesses around
1.5 nm and becomes less relevant for both higher and lower
thickness values. Finally, we also observed a universal, time-
dependent dendriticlike growth of magnetic domains in the
Pt/Co/Mn material system.

We suggest the investigation of this material system by
means of Lorentz transmission electron microscopy or other
comparable advanced imaging methods in order to reveal the
character of the bubblelike domains unequivocally. In addi-
tion, such advanced imaging methods will allow for a more
detailed characterization of multilayers with a high number of
Pt/Co/Mn repetitions, where the average domain size is sig-
nificantly smaller than that for n = 2 and therefore cannot be
studied with our Kerr microscope. Alternatively, studying the
current-driven dynamics of the observed bubblelike objects
will also help us to understand whether they are skyrmions
or not.

In conclusion, it was shown that tuning and understanding
the magnetic properties of [Pt/Co/Mn]n require careful en-
gineering of and control over the structural properties of the
individual metallic layers. While our STEM measurements do
not indicate considerable intermixing of Co and Mn, it will
be interesting to explore how even weak Co-Mn intermixing
could be controlled more precisely, for instance, by varying
deposition parameters systematically and by inserting ultra-
thin Cu diffusion barriers, as has been done for the case of
[Co/Pt]n multilayers [36,50], or by exploiting atomically thin
two-dimensional materials such as graphene [51,52].
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